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For over a century the Navy has taken an increasing 
interest in the frigid regions of the earth. In 1039 Lieu­
tenant (later Rear Admiral) Charles Wilkes, USN, sailing 
his three small ships under great difficulties through 
the vast icepack, was one of the first to sight the fro­
zen Antarctic continent. His exploration, one of the most 
notable of his day, was the first Navy expedition author­
ized by Congress.

Commander (later Rear Admiral) Robert E. Peary (CEC), 
USN, spent many years exploring and learning to live in 
the Arctic, and on 6 April 1909 was the first man to reach 
the North Pole.

Rear Admiral Richard E. Byrd, USN, first to fly over 
the South Pole and first to fly over both Poles, was ac­
companied on his last Antarctic expedition, during 1946 
and 1947, by two CEC officers and a Seabee unit.

Since World War II, the Navy has investigated still 
further the problems of living and operating in the polar 
areas. This Bureau, in its laboratory and field research, 
has contributed to scientific knowledge on the effects of 
very low temperatures on materials, the theory of heat 
transfer, techniques of snow compaction and removal, and 
other developments for expediting construction and reduc­
ing the cost of bases in the Cold Regions.

This publication, the first of its kind for practical 
engineering application, provides the basic data required 
by Civil Engineer Corps officers and civilian personnel 
concerned with the design, construction, maintenance, and 
operation of facilities and equipment in such areas.
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FOREWORD

This publication , w hich is divided in to  fo u r chapters, provides gu idance to  
B u reau  and  field personnel engaged in the planning, design, construction , 
a lte ra tio n , repa ir, and m aintenance of facilities in areas of extrem ely  low 
tem p era tu res.

C h ap ter 1 presents general inform ation re la ting  to  responsibilities and da ta  
fo r recognizing and evaluating  control factors imposed by environm ents existent 
in  the  Cold Regions.

C h ap ter 2 contains technical data  usefu l in the developm ent of engineering 
design fo r low -tem pera tu re  areas.

C h ap ter 3 presents inform ation essential to  the accom plishm ent of con­
s tru c tio n  o r developm ent projects in the Cold Regions.

Chapter 4 is devoted to the maintenance and repair facilities and engineering 
equipment in cold areas.
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CHAPTER 1. THE COLD REGIONS

PART A. INTRODUCTION

Section I . GENERAL

IA 1.01 PURPOSE AND SCOPE

.1. PURPOSE. This publication has been p re ­
pared  by the  B ureau  of Y ards and po cks as a com­
p ac t and  p rac tica l handbook on construction in  
cold areas. I t  is in tended  for the use of technically 
tra in ed  m ilita ry  and  civ ilian personnel w ho are re ­
sponsible fo r  the  design, construction , m aintenance, 
and  operation  o f engineering projects in the Cold 
Regions.

2. SCOPE. Presen ted  herein are the special c r i­
te ria  applicable to  the practices and techniques of 
engineering w o rk  in the  Cold Regions. Also p re ­
sented are the policies and  responsibilities of o ther 
bu reau s and  offices insofar as they affect this B u­
re a u ’s perform ance of its  functions.

A ll personnel concerned should have a t  their dis­
posal the  s tan d a rd  w orks listed below, or th e ir  
equ ivalen t. M aterial con tained in these handbooks 
has no t been du p lica ted  in this publication , except 
fo r  ce rta in  m odifications or extensions th a t  are re ­
qu ired  fo r  app lication  to  the Cold Regions. They 
are Handbook of Engineering Fundamentals, by 
Eshbàch; General Engineering Handbook,, by 
O ’R o urke; Mechanical Engineers9 Handbook, by 
M arks; Mechanical Engineer s’ Handbook, by R en t; 
American Civil Engineers9 Handbook, by M erri- 
m an and W iggin; Electrical Engineers9 Handbook, 
by Pender, Del M ar, and  M cllw ain; and American 
Society of Heating and Ventilating Engineers 
Guide,
IA 1.02 GENERAL AUTHORITY AND 

RESPONSIBILITY

By a u th o rity  vested in  itr by N avy Regulations, 
the B u reau  of Y ards and  Docks is responsible fo r 
the p lann ing , design, construction , alteration , de­
velopm ent, cost estim ates, and inspection of p u b ­
lic w orks and  public  u tilities a t  all shore activities

of the N av al Establishm ent. This B ureau also is 
responsible fo r the technical control of the a lte ra ­
tion , repair, and upkeep of public w orks and public 
u tilities, and the operational standards and p ro­
cedures perta in ing  thereto .
IA 1.03 SOURCE MATERIAL

1. REFERENCES. Publications from  w hich 
usefu l d a ta  have been gathered in the prepara tion  
of this publication  and  th a t  have been used d irectly  
or in d irectly  as source m ateria l, as w ell as o ther 
publications th a t  m ay be of value w hen more de­
tailed  in fo rm ation  is desired, are listed in the 
Bibliography and the References.

2. TERM INOLOGY. In  order to  clear up  pos­
sible confusion resu lting  from  vagueness and d if­
ferences in the m eaning of w ords, p a rticu la rly  w ith  
reg ard  to  the local term s used b y - natives in the 
Cold Regions, several definitions of uncom m on 
term s are  given. The te x t follows the  usage most 
common to  the M ilitary  Services. Acceptable m ili­
ta ry  term inology of term s no t used in the te x t is 
given in A ppendix A, Glossary.

3. GEOGRAPHICAL ZONES. For the purpose 
of th is publication , th e  Cold Regions are considered 
to  include the N o rth  Pole and South Pole areas, 
commonly term ed, th e  A rc tic  and A n ta rc tic . D e­
tailed  s ta tis tica l d a ta  perta in ing  to  specific areas 
have been grouped according to  area in A ppen­
dix B, The A rctic .

4. TABLES. To increase the usab ility  of this 
publication , tables of '  physical constants and 
m easurem ent conversion factors, adap ted  from  
com pilations of the  Office of N aval Research, Sep­
tem ber 1953, are given in A ppendix C.
IA 1.04 DEFINITIONS

1* A R CTIC. O n the basis of tem peratu res, the
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A rctic  is considered to  include these areas: (a ) the 
area lying n o rth  of the boundary  fixed by the  iso­
th erm  of 50° F (10° C) fo r the w arm est m onth, or 
the isotherm  of 14° F ( —10° C) fo r the coldest 
m onth; (b) areas hav ing a m ean tem p era tu re  of 
32° F, or below; and (c) all areas w here the sum 

■ of the average tem p era tu re  in degrees cen trig rade 
of the w arm est m onth plus one ten th  of the tem ­
p era tu re  of the  coldest m onth is less th an  9° C 
( N ordenskjoldw all fo rm ula  used by the  Soviet 
U nion).

Each of the follow ing fo u r definitions of the 
term  A rctic  is valid , the choice depending on the 
type of engineering problem  to  be solved.

(1) T h a t region n o rth  of the  tree line (ap ­
proxim ately along the 50° F sum m er iso therm ), or 
the  area w here cold (excluding o ther inhibiting 
factors, such as ste rility  of soil, m oisture, and 
w ind) precludes tree  grow th .

(2 ) Areas w ith  large seasonal variations in 
du ra tio n  of day ligh t and darkness, such as all areas 
n o rth  of la t 66° 33' N  (difference betw een 90° and  
the m axim um  no rtherly  declination of the su n ).

(3) Areas w here there  are w a te r  areas on 
w hich ice acts as a b a rrie r  or is a hindrance to  all 
nav igation (no t re la ted  to  s ta tic  global a reas), 
these ice areas persisting from  tim e to  tim e in

Section 2. BUREAU OF YARDS

IA2.0I GENERAL RESPONSIBILITIES

The responsibility of the B ureau of Y ards and 
Docks for advanced bases, public w orks, and pu b ­
lic utilities a t naval shore activities includes such 
facilities in the Cold Regions. In  ca rry in g  o u t its 
overall responsibility fo r such facilities, th is Bu­
reau  provides technical guidance to  m anagem ent 
control bureaus and field activities, as w ell as to 
arch itectu ral-eng ineering  and engineering studies 
contractors.
IA2.02 SPECIFIC RESPONSIBILITIES

1. DESIGN A N D  C O N STRU C TIO N . This 
B ureau, in connection w ith  its functions in the 
Cold Regions, is responsible fo r engineering investi­
gations and the  p repara tion  of surveys, draw ings, 
and specifications used in planning , developm ent, 
design, construction , a lte ra tion , and cost estim at­
ing fo r advanced bases, as w ell as fo r public w orks 
and public u tilities a t all naval shore activities.

various high la titu des so th a t  they  p resen t m ore or 
less constan t problems.

(4) Areas distinguished by such fac to rs  as 
the ex ten t of perm anen tly  frozen  g rou nd  o r com­
binations of extrem e cold and  high w inds.

2. SUBARCTIC. The S ubarctic  is defined in 
term s of tem p era tu re  as areas w here the  m ean tem ­
p era tu re  fo r less th a n  fo u r  m onths is h igher th an  
50° F (10° C) and th e  m ean tem p e ra tu re  fo r  the 
coldest m onth is less th a n  32° F (0° C ).

3. COLD REGIONS. T he te rm  Cold Regions, 
as used in this publication , includes the  A rc tic , 
A n tarc tic , and S ubarctic . The Cold Regions are

, defined as (a) areas ad jacen t to  p resen t shorelines 
w here action of the  sea, w h e th er frozen  or con ta in ­
ing m oving ice floes, is a con tro lling  fa c to r  in  the 
engineering design of a shore fac ility  or the logis­
tics essential to  accom plishm ent o f a mission; (b ) 
areas w here only frozen  g rou nd  or w a te r  is present 
in the superficial covering of the  e a r th ’s su rface , 
except fo r a very  definite active zone; (c ) areas of 
perm anently  frozen g rou nd  con tain ing  localized 
thaw ed zones; (d ) areas w here  perm anen tly  frozen  
ground occurs only in  islands; lenses, stringers, 
or s tra ta ; and (e) areas th a t  m ay have tem p era­
tu re  ranges of —95° F to  100° F.

AND DO CKS RESPONSIBILITIES

2. REPAIR A N D  M A IN T EN A N C E . This Bu­
reau  also is responsible fo r engineering studies and 
the p reparation  of surveys, d raw ings, specifica­
tions, and standards used fo r th e  a lte ra tio n , repair, 
and upkeep of public  w orks and  public u tilities 
facilities of the N av y , inc lud ing  those in the  Cold 
Regions.

IA2.03 FIELD RESPONSIBILITIES

1. BUREAU REPRESENTATIVES. The Chief 
of the B ureau of Y ards and  Docks has delegated 
certa in  specific phases of his a u th o rity  to  field rep ­
resentatives of th e  B ureau , nam ely, D irectors, 
Overseas Divisions, B u reau  of Y ards and Docks; 
Officers-in-Charge o f C o nstruc tion ; and D is tric t 
Public W orks Officers.

a. Directory Overseas Division. T he D irec­
to r, Overseas Division, is responsible for the ad ­
m in istration , w ith in  defined geographical areas, 
exclusive of N av a l D istric ts , of technical program s
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of the B ureau  of Y ards and Docks pertaining to 
the construction , m aintenance, and operation of 
overseas shore activities. This includes, on request 
of the cognizan t com m and, engineering advice, en­
gineering service, and planning assistance to Fleet, 
Force, Type, and Base Commands. The D irector, 
Overseas Division, also furnishes engineering serv­
ices, assistance in procurem ent m atters, assistance 
in personnel m atte rs , and  planning assistance to  
N av a l C onstruction  Forces; adm inisters real estate 
m atte rs , as assigned; and provides assistance in the 
p rocu rem en t and shipm ent of m ateriel and per­
sonnel from  the  Zone of the In terio r. As appro­
pria te , these responsibilities apply to  the design, 
construction , m ain tenance, and operation of facili­
ties in the Cold Regions.

b. Officer-in-Charge of Construction. I t  is 
the responsibility of the  Officer-in-Charge of Con­
s tru c tio n  to  represen t the Chief of the B ureau of 
Y ards and Docks in connection w ith  specific con­
s tru c tio n  co n trac ts  and to  supervise the construc­
tion of civil w orks fo r  o ther bureaus and offices of 
the  D ep artm en t of the N avy . Similar responsibili­
ties, u n d er the cognizance of this B ureau, are dis­
charged by an O fficer-in-Charge for a rch itec tu ra l- 
engineering co n trac ts  and  types of con tracts th a t 
do no t involve construction .

c. D istrict Public Works Officer. The Dis­
t r ic t  Public W orks Officer is responsible for the 
adm inistra tion , w ith in  his N aval D istric t, of the 
technical program s of the  B ureau of Yards and 
Docks perta in in g  to  design, construction , a lte ra ­
tion , inspection, repair, m aintenance, and adm in­

is tra tiv e  supervision of operation of public works 
and public u tilities facilities, including those a t 
shore activities in  the Cold Regions. He is also 
responsible fo r this B ureau’s program  w ith  regard  
to real estate, tran sp o rta tio n , and construction and 
w eigh t-hand ling  equipm ent, as assigned.

2. PUBLIC WORKS OFFICER. The Public 
W orks Officer (PW O ) has such au th o rity  as m ay 
be delegated and such responsibility as is assigned 
to  him by his Com m anding Officer for the adm in­
is tra tion  and operation of the Public W orks De­
partm en t. The PW O, w ho is a Civil Engineer 
Corps officer, is assigned the responsibility and 
delegated the au th o rity  to  apply the professional 
and technical standards and the legal restrictions 
prom ulgated  by the B ureau of Yards and Docks 
in accomplishing the public w orks tasks assigned 
to  him by his Com m anding Officer. Such tasks 
usually  include m aintenance and operation of pub­
lic w orks and public u tilities in the Cold Regions.

IA2.04 RELATIONSHIP WITH OTHER BUREAUS, 
OFFICES, AND GOVERNMENT AGENCIES

Design and construction  of facilities a t naval 
shore activities in the  Cold Regions, w hich are the 
responsibilities of the B ureau of Yards and Docks, 
m ust conform  to  the operating  requirem ents de­
fined by directives and orders of the m anagem ent 
control bureaus and offices. In  general, m anage­
m ent bureaus a t shore activities d irect the opera­
tion of these facilities and finance their m ain­
tenance.
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PART B. CHARACTERISTICS OF COLD REGIONS

Section I. ENVIRONMENTAL FACTORS

IB 1.01 LIMITATIONS

Prevailing n a tu ra l forces definitely lim it m an’s 
activ ity  in the high la titu des of the w orld. Con­
quest of these areas, therefore , requires recognition 
and sufficient understand ing  of the lim itations, so 
th a t adap ta tion  to , and m odification of, restric ting  
n a tu ra l forces can be successfully undertaken . 
The restric ting  n a tu ra l forces are know n as en­
vironm ental factors. The descriptions of cold th a t 
follow are in tended to  aid in the understand ing  of 
these factors as they p erta in  to  the Cold Regions.

IB 1.02 PHYSICAL EFFECTS OF COLD

1. CO N D EN SA TIO N . As a ir  is cooled it  loses 
its capability to  re ta in  m oisture. I t  is n a tu ra l, 
therefore, th a t  the Polar Regions have a com para­
tively d ry  atm osphere. Condensation, as w arm  and 
cold a ir meet, is m anifested by low coastal fogs and 
localized steam  fogs or mists above rivers, lakes, 
and heated s tru c tu re s , and around  m achines, men, 
and animals. Mirages are common because the d if­
feren tial density of a ir  prevents ligh t passing 
th rough  the boundary  betw een a layer of cold su r­
face air and w arm er a ir  above. The consequent 
bending of ligh t rays produces images, often  in­
verted and appearing low or high, of objects 100 
miles or more d istan t.

2. VISIBILITY. In  the  absence of fog, visibility 
in the clean, cold a ir of high la titu des is excep­
tionally good. N orm al horizon ta l visibility of 50 
miles is o rd inary  and un der special conditions may 
be as high as 150 miles. H ow ever, the  lack of con­
tra s t caused by the barrenness of land and sea and 
the long shadows resu lting  from  more or less hori­
zontal rays of sun light deceive judgm en t of ac tu a l 
distances. The extrem e whiteness and m agnitude 
of snow and ice cause a g rea t deal of g lare when 
the sun is above the horizon and the sky is over­
cast.

3. SOUND. Sound travels w ith  g rea t c la rity  in

the d ry , cold a ir. Sharp sounds can be d istin c tly  
heard a t distances of 10 miles o r more.

4. W IN D . W ind a t  low  tem p era tu res is a 
serious handicap to  hum an ac tiv ity  because i t  
rapid ly  dissipates body heat, and blow ing snow 
greatly  reduces visibility. The la t te r  is p a r ­
ticu la rly  tru e  in high la titu d es  th a t  have no n a tu ra l 
w indbreaks across barrens and  icepacks. W inds of 
15 m ph or more w ill l i f t  the d ry , ligh t snow of the 
Polar Regions h igh enough to  obscure buildings; 
30-mph winds m ay w hisk  su rface  snow 50 to 100 
feet in the a ir in th e  form  of clouds.

IB1.03 WIND CHILL

The cooling effect of w ind  below freezing tem ­
peratu res is very  pronounced. In  1939, D octor 
P aul A. Siple called th is "w in d  chill” and developed 
an em pirical fo rm u la  fo r  m easuring its effect in 
term s of exposed area , tem p era tu re , and  w ind , as 
follows. . - ___  _ ______

K = ( V 1 0 0 W +  10.45 -  W ) (33 -  T)
K = to ta l cooling, kg  c a l/sq  m /h r  
W  =  w ind velocity, m /sec  
T = tem p era tu re  of a ir , °C

The form ula is applicable to  m easurem ent of the 
sensible cooling of hum ans. As m ore reliable da ta  
have become available, the  fo rm u la  has been re ­
fined and applied to  th e  design of clim atic zone 
charts  of the w orld , c lo th ing effectiveness and, to  a 
lim ited ex ten t, to  the cooling ra tes  of m achine 
parts . The curves in  F igure  1B1-1 give the  values 
of w ind chill in term s of re la tiv e  hum an discom­
fo rt.

A lthough the w ind  chill cu rv e  is useful, i t  does 
not consider all the  m eans by w hich hum ans ex­
change heat w ith  th e  atm osphere. I t  should be 
used, therefore, w ith  the  common-sense u n d e r­
standing of cold environm ents. A n in te rn a l com ­
bustion engine, fo r  exam ple, m ay fa lte r  a t —40° F
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and an individual a t — 50° F. Yet differences in cially degree of m uscu lar a c tiv ity  m ay allow  one 
individuals because of age, race, acclim atization , to feel com fortable w hile ano ther has difficulty 
d iet, physical condition, m ental a ttitu d e , and espe- ad justing  himself to  the w ea ther.

Section 2. NATURE OF COLD REGIONS

IB2.0I GENERAL

1. GEOGRAPHY. Both the N o rth  Polar and 
South Polar Regions are located in high latitudes 
dom inated by cold, snow, and ice; otherw ise, there 
is little  geographic sim ilarity betw een them . The 
N o rth  Polar Region (Figure 1B2-1) is a cen tra l 
sea surrounded by continental land ; the South 
Polar Region (F igure 1B2-2) is a con tinent (A n t­
a rc tica) encircled by the sea. Even the ice itself 
tends to develop form s peculiar to  each region. The 
A rctic Ocean of the N o rth  Polar Region, as a body 
of w ate r, absorbs, retains, and radiates hea t; bu t 
the A n tarc tic , being an ice-covered land mass of 
the South Polar Region, acts as a cold reservoir, 
the ice shielding the underly ing  land and w ate r 
from  direct insolation.

2. INFLUENCE OF LA TITU D E.
a. Seasons. The higher the la titu d e , the 

longer the w in ters and the shorter the summers. 
W inter and sum m er, w ith  a wide differential in 
tem peratu re , are w ell defined, b u t au tu m n  and 
spring are short and no t so distinct. (Topography 
m ay slightly jh o d ify  _this tendency for p a rticu la r  
areas.) G enerally, spring is la te  and qu ick ly  merges 
into sum m er, w ith  the m elting of snow and ice and 
the breakup of rive r, lake, and coastal ( fa s t)  ice 
as longer days give more sunshine. Conversely, 
au tum n  arrives early , as shorter days give less sun­
shine; tem pera tu re  decreases, snow flurries are 
frequen t, and ice begins to  form  along coasts and 
on rivers and lakes.

b. Length of Days. A t high la titu des (above 
the A rctic  and A n ta rc tic  Circles) the length  of day 
and n igh t varies g rea tly  d u rin g  w in te r and sum ­
m er because of the inclination of the e a r th ’s axis 
as it ro tates a round  the sun. The sun rem ains above 
the horizon 6 m onths (sum m er) and below the 
horizon 6 m onths (w in te r) . This resu lts in the 
so-called 6 m onths of darkness (w in te r)  and 6 
m onths of ligh t (sum m er) in the Polar Regions. 
The sun, for exam ple, does no t appear above the 
horizon a t the A rctic  Circle on December 21 nor 
a t the A n ta rc tic  C ircle on June 21, except for 
m irages, in w hich extrem e low tem p era tu re  and

dense ground a ir bend the ligh t rays and m ay m ake 
the sun appear visible as fa r  as 60 miles above the 
Circles. Unless the  skies are overcast, how ever, 
these are not periods of to ta l darkness b u t of tw i­
light, because a considerable q u a n tity  of ligh t from  
the stars, moon, and auro ras filters th ro u g h  the 
cold, clean air and is reflected by the to ta l surface  
cover of snow and ice. Possible hours of daily sun ­
light above la t  65° N  m ay be determ ined from  
F igure 1B2-3.

c. Magnetic Fields. The e a r th ’s m agnetic 
field, a t distances w ell rem oved above the surface , 
is roughly th a t of a m agnet a t the e a r th ’s cen ter 
oriented along the axis of tw o  au ro ra l zones. The 
no rthern  au ro ra l zone is a belt abou t 10° of la t i­
tude in w id th  located approxim ately  1,200 miles 
radially  from  a cen ter near E tah , G reenland, pass­
ing near the whole n o rth  coast of Europe and Asia 
and dipping south th ro u g h  Iceland, A laska, and 
Canada. A sim ilar zone exists in the A n ta rc tic , 
w ith  its rad ial cen ter a t la t 78° 30' S and long. 
111° E. These zones are  believed to  exist because of 
charged particles, possibly electrons, ém anating  
from  the sum They are deflected on en tering  the  
e a r th ’s m agnetic field so th a t  they  tend  to  spiral 
down and around  the  lines of force, s trik in g  the 
ionosphere n igh t and day. The visible effect of 
the particles s trik ing  the ionosphere is the au ro ra , 
called A uro ra  Borealis in the N o rth e rn  Hem isphere 
and A uro ra  A ustra lis  in the Southern. They can 
be seen directly  overhead nearly  100 percent of all 
clear, d a rk  nights. Ionospheric storm s, created  by 
variable auroras, d is tu rb  rad io  w ave propagation  
to the ex ten t th a t  h ig h -la titu d e  com m unication 
blackouts are no t uncom m on.

d. Polar Seismic Belt. The seismic belt in 
the N o rth  Polar Region (F igu re  1B2-4) is the 
M id-A tlantic Ridge. For the m ost p a r t, i t  is an 
irreg u la r  subm arine m ou n ta in  range ex tend ing 
n o rth w ard  from  sou th  of Iceland past Spitsbergen 
and along the E uropean side of the  Polar Basin to  
the Lena River, w here i t  m ay join th e  K h arau lak h  
and K hayakhak M ountains. N o t all the epicenters 
shown on the m ap have been p lo tted  exactly , b u t 
they follow the p a t te rn  of seismic d isturbances.
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The epicenters near Bering S tra it belong to  the cir- 
cum-Pacific seismic belt.
I B2.02 GEOLOGY

1. GENERAL. Geological know ledge of the 
Polar Regions is scant. H ow ever, the geological 
p a tte rn  of the e a r th ’s h isto ry , as ou tlined in Table 
1B2-1, applies to  the P olar Regions as w ell as to 
be tte r know n areas. Less th an  10 percent of the 
N o rth  Polar Region has been investigated in detail 
geologically and then  only in w idely separated 
areas. N early  all the m eager know ledge of South 
Polar geology is physiographic in charac ter.

TABLE 1B2-1
Geologic Time Seale

Era Period Ch aracteristic
life

Tota l
e stim ated

years

Cenozoic

<5c

fa
13

O '

Recent
P le istocene M a n 1,000,000

. s

ot—

P liocene
M iocen e
O ligocène
Eocene
P a leocene

M a m m a ls  and  
m odern  p lan ts

70,000,000

M esozo ic
Cre taceou s
J u rassic
T r ia s s ic

R ep tile s and  
cyca d -lik e  
g y m n o sp e rm s

200,000,000

Paleozoic

P e rm ian
C a rb o n ife ro u s

A m p h ib ia n s  
a n d  g ian t  
c lu b  m o sse s

500,000,000D e von ian F ish es

S ilu r ia n
O rd ov ic ian
C a m b ria n

In vertebra te s

Pr
e-

Ca
m

br
ia

n 
or

 
Ar

ch
ea

n 
(E

ur
op

e)

P roterozoic  
(N . A m e r ic a )

K ew e en aw an
H uron ian

P rim itive  
invertebrate s  
and  a lgae

2,000,000,000

Archeozoic  
(N . A m e r ic a )

T im isk a m in g
K eew atin

N o ne  know n

2. N O R T H  POLAR REG IO N. M uch of the 
N o rth  Polar Region is underla in  by Pre-C am brian 
rocks of shield charac te r. Four shields have been 
recognized: C anadian, G reenland, Russian Baltic, 
and A ngara. (See F igure 1B2-5.) T hey face and 
fo r the m ost p a r t  su rro u n d  the A rctic  Ocean and 
are separated by in trash ie ld  orogenic (m oun tain­
bu ild ing) belts, w hich pro ject in to  the A rctic

Ocean and are covered by it. The orogenic belts 
are linear in trashield  areas of weakness o r m obility, 
as opposed to  shields, w hich are the g re a t stable 
areas of the e a r th ’s c ru s t. The shields, then, are 
the underly ing elements on w hich rest various types 
of rocks ranging  from  Paleozoic to  recen t times. 
Except for the A laskan orogenic belts and the ir 
continuation in to  A nadyr Peninsula in Siberia (the 
Alaska-Siberia R egion), the P olar Basin is gird led 
by the fo u r shields.

a. Alaska-Siberia. In  co n tras t to  most of 
the A rctic , w hich is the A tlan tic  type, the A laska- 
Siberia Region is the type know n as Pacific m ar­
ginal. Its geologic h isto ry , therefore , is different. 
I t  has been the site of géosynclinal (depositional) 
and orogenic (includ ing  volcanism ) ac tiv ity  from  
early  Paleozoic to the present. I t  was, therefore , a 
region of m ountain  chains and volcanic islands th a t  
w ould have served effectively as a m ig ration  rou te  
both for land and shallow -w ater fauna .

b. A tlantic . In  the A tlan tic  type of region, 
such as eastern N o rth  A m erica and m uch of A rctic  
Eurasia, the s tru c tu ra l  lines of the e a r th ’s c ru s t 
and the tren d  of the shore are d ivergen t; th a t  is, 
the shorelines follow the parallels and the s tru c ­
tu ra l lines the m eridians. A rc tic  E urasia  is com­
posed of seven stable segm ents separated  by seven 
w eaker ones (F igure 1B 2-6). A t one tim e, all of 
these masses w ere connected and form ed the old 
E urasian continent. T hey w ere separated  by block 
fau ltin g  d u ring  late  S ilu rian  or early  D evonian 
c rusta l m ovements. The pro jecting  stable land 
masses are horsts, or positive elem ents; the  w eaker 
sunken segments are g raben , or negative elements. 
The horsts have rem arkab le  sym m etry in th e ir  dis­
trib u tion , form ing peninsulas and re la ted  offshore 
islands, all of w hich exh ib it a geologic s tru c tu re  
similar to the m ain land . Exam ples of these con­
nections and sym m etry are V aigach and N ovaya 
Zemlya Islands, n o rth  of the U rals; Severnaya 
Zemlya, n o rth  of T aim yr Peninsula; and N ew  
Siberian Islands, n o rth  of T as-K hayakh takh  
M ountains, an extension of Cherski Range.

Spitsbergen is composed of old and recen t rocks, 
w hich include P re-C am brian , early  and late  
Paleozoic, Jurassic , C retaceous, T e rtia ry , and 
Q u aternary . I t  has been sub jected  to a t least tw o 
c rusta l m ovements accom panied by fau ltin g , fo ld­
ing, and volcanism , and  finally to  glacial erosion 
and deposition. The geologic s tru c tu re  is shown in 
F igure 1B2-7.
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DIAGRAMMATIC PROFILE SHOW ING RELATION OF HORSTS AND  
GRABEN (POSITIVE AND NEGATIVE ELEMENTS) IN ARCTIC EURASIA.
ORIGINALLY BOTH ELEMENTS WERE PART OF SAME GEOLOGICAL BODY-THE OLD 
EURASIAN CO N T IN EN T-NO W  SEPARATED THROUGH SINKING OF INTERMEDIATE 
SECTIONS ALONG ZONES OF FAULTING. VERTICAL SCALE GREATLY EXAGGERATED.

HORST OR POSITIVE ELEMENT

FIGURE 1B2-6
Geologic Structure of Arctic Eurasia

3. SO U TH  POLAR REGION. The ou tstanding 
difficulty con fron tin g  geologists in the South Polar 
Region is the vast ice sheet overlaying A ntarc tica  
and hiding its s tru c tu re . V ictoria Land and Palm er 
Peninsula, the best know n of the South Polar 
Regions, present d ivergen t s truc tu res. The re la­
tionship betw een them  is still not solved, bu t sev­
eral suggestions have been made, tw o of which are 
considered the m ore probable.

The first is th a t  the whole of A n tarc tica , w ith  
the exception of Palm er Peninsula, is a plateau, 
the un derly ing  elem ent of w hich is a peneplained 
shield on w hich lie younger horizontally  bedded 
rocks in tru d e d  by sills and dikes; th a t a g rea t horst 
crosses the p la teau  from  V ictoria Land to the 
region sou thw est of W eddell Sea; and th a t the 
Andean folds, frin g in g  the Pacific Ocean, sk irt the 
p la teau , passing n o rth  of E dw ard Land in an arc 
to w ard  N ew  Zealand.

An a lte rn a te  suggestion deserving equal con­
sideration is th a t  the horst of V ictoria Land is a 
con tinuation  of Palm er Peninsula and th a t folding 
of the la t te r  form ed the hard  resistant shield of the 
p la teau  and a line of g rea t fau lts .
IB2.03 GLACIERS

1. GENERAL. The type and d istribu tion  of 
glaciers, w hich are slow-moving fields or bodies 
of ice, are influenced by elevation, la titu de , clim ate, 
and typography . The tw o fundam ental types are 
valley glaciers and ice sheets.

Valley glaciers are ice rivers flowing into and 
th ro u g h  valleys in m ountainous cold areas. H u b ­
bard  Glacier in A laska is a typical valley glacier.

Ice sheets are expansive areas of ice spreading 
ou t in several or all directions from  a center, cov­
ering valleys or plateaus a t high altitudes. Small 
ice sheets are called icecaps. The most im portan t
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FIGURE 1B2-7
Geologic Structure of Spitsbergen
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ice sheets are those covering G reenland, commonly 
called an icecap, and the A n tarc tic . Many icecaps 
are found  on the C anadian  A rctic  Archipelago.

Piedm ont glaciers are in term ediate between va l­
ley glaciers and ice sheets. As piedm ont implies, 
these glaciers are expanded extrem ities of valley 
glaciers. M alaspina G lacier on the south coast of 
A laska is a piedm ont glacier.

2. EFFECTS OF G LA CIA TIO N . Glaciers, as 
agents of erosion and deposition, have done both 
con struc tive  and d estru c tiv e  w ork. The exten­
sive g laciation  of the last Ice Age influences m uch 
of the economic developm ent of the A rctic. For 
exam ple, in areas w here soil and w eathered rocks 
have been rem oved, prospecting has been made 
easier, a lthough  qu an tities  of valuable minerals 
m ay have been ca rried  aw ay during  glaciation. In  
areas of deposition, glacial d r if t  has covered the 
bedrock so com pletely in places th a t prospecting 
has been difficult if  no t impossible. B ut, as in the 
case of erosion, deposition has also been a help: 
glacial deposits in some of the num erous late- 
Pleistocene lakes are excellent ag ricu ltu ra l soil; 
ou tw ash  and beach gravel are principal sources of 
construction  m aterials and road m aterials; and de­
posits such as porous sand and gravel form  excel­
len t reservoirs to  store subsurface w a te r, w hich has 
aided bo th  a g r ic u ltu ra l and industria l develop­
m ent.
IB2.04 PERMAFROST

P erm afrost (perm anently  frozen soil) is a 
phenomenon pecu liar to  the Cold Regions of the 
N o rth e rn  H em isphere. I t  extends to  lower latitudes 
in the eastern  th an  in the w estern sections of the 
continents. F igure 1B2-8 depicts the southern 
boundary  of perm afrost. W ithin this area, in the 
S ubarctic , are  small isolated areas in w hich perm a­
frost is no t p resent because of localized climatic 
conditions. P erm afro st dep th  varies from  zero 
thickness a t its sou thern  boundary  to  more than 
1,300 feet near th e  A rc tic  Ocean. The following 
factors are re la ted  to  the  presence of perm afrost.

(1 ) Low m ean ann ua l tem p era tu re  of —21° to 
- 2 5 °  F.

( 2 ) Im perm eability  to  w ate r.
(3 ) O verly ing  active surface  layer (1 to  3 feet 

th ick ) usu ally  sub ject to  sum m er thaw ing.
(4) Effect oh vegetation .
(5) Less dep th  (based on inconclusive evidence) 

in areas g lacia ted  d u rin g  the  Ice Age.

(6) C u rren t clim atic conditions.
IB2.05 CLIMATOLOGY

W eather is the to ta l effect of - tem peratu re , p re­
c ip itation , and w ind over a short period of time. 
C lim ate takes in to  account the average w eather 
and its departu res from  the average over a long 
period. The w ea ther a t any p a rticu la r  tim e m ay 
be qu ite  different from  the general clim atic ele­
m ents th a t  follow.

1. TEM PERATURE. Because days are shorter 
and the sun’s rays strike  the ea rth  obliquely in the 
high la titudes, less heat is absorbed th an  in the 
low er latitudes. Consequently, the w orld ’s lowest 
m ean annual tem peratu res occur in the Polar 
Regions. Local w inds, topography, and proxim ity 
to  large bodies of w a te r  m odify local tem peratures 
considerably. This is m anifest because the coldest 
recorded areas in the N o rthern  Hemisphere are 
more th an  200 miles south of the A rctic  Circle 
( — 80° F near the A laska-Y ukon border and 
— 90° F near V erkhoyansk, northeastern  S iberia); 
yet the tem p era tu re  a t the N o rth  Pole seldom drops 
below —50° F. Summer tem peratu res of 80° F in 
the shade have been recorded frequently  in m any 
places, and a record of 100° F in the shade was set 
a t F o rt Yukon, A laska, on the A rctic  Circle. In 
general, the Polar Regions are cold the year around, 
and the Subpolar Regions have w arm er w inters and 
cooler summers along coastal areas and * extrem ely 
cold w in ters and w arm  summers in the in terio r 
areas. Local tem peratu res in the high la titudes 
v a ry  considerably, often  w ith in  a few  hours. As a 
general ru le , tem p era tu re  m ay be considered to  de­
crease about one degree fo r each 1,000-foot in ­
crease in a ltitu de .

2. PR E C IPIT A T IO N . P recip itation  in the high 
la titu des is generally very  ligh t, ranging from  5 to  
10 in. annually  in most areas (14 to  18 in. in 
sou thern  Baffin Island ). A pproxim ately ha lf falls 
as snow (10 in. of snow fall equals about 1 in. of 
ra in fa ll) . Snow has been recorded every m onth 
of the year.
IB2.06 HYDROLOGY

F undam entally , hydrology is the same in the 
Cold Regions as in the Tem perate Zone. Insufficient 
technical da ta , how ever, and the effect of glaciers 
and perm afrost, as w ell as extrem e clim atic and 
topographic variations of the Cold Regions, in-
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crease the difficulty of understand ing  Cold Region 
hydrology.

A lthough perm afrost acts as an im pervious 
layer, i t  affords storage and release of w a te r  from  
its active layer and from  taliks. G laciers and snow 
m ay re ta in  one year’s precip ita tion  and release it 
pa rtia lly  or to ta lly  in a subsequent year. This, of 
course, disturbs the usual hydrological p a tte rn  of 
stream flow and precip itation  runoff.

1. DESIGN STORM. F igure 1B2-9 illustra tes 
the 1-hour ra te  of ra in fa ll and the  ra te  fo r shorter 
and longer in tervals. I t  is believed th a t  these in- 
tensity -dura tion  relations are applicable to  any 
A rctic  or Subarctic  region w here e ither con­
vergence or convection is the dom inant and rain- 
producing fac to r. There is little  chance th a t  for 
storm s of 20-year frequency the 1.2 cu rve  will 
ever be exceeded in  the n o rthern  Cold Regions 
no rth  of the south lim it of perm afrost and south 
of the 50° F m ean Ju ly  isotherm . The cu rve  desig­
nated  as 0.2 is recommended fo r any location in the 
no rthern  Cold Regions n o rth  of the 50° F mean 
Ju ly  isotherm . (Ref. 2.) From  the foregoing, the 
design storm  fo r 20-year frequency can be esti­
m ated for areas w ith  elevation less th an  1,000 
feet.

2. RUNOFF. Runoff is precip ita tion  th a t  has 
escaped the actions of in terception , evaporation, 
transp ira tion , and deep seepage. F low ing from  the 
e a r th ’s c ru st, runoff consists in p a r t  of w a te r  th a t 
has never been below the surface (su rface  runoff) 
and in p a r t of w a te r  th a t  has previously passed 
in to  the soil (subsurface  ru n o ff). F igure 2D2-2 
shows the effect of tem p era tu re  on the load of 
suspended m ateria l th a t  m ay be carried  by runoff. 
A lthough these da ta  re la te  to  the silt load of w ater, 
they are indicative of the glacial silt loads th a t 
m ay be found in some Subarctic  w aters.
IB2.07 THE ARCTIC

1. OCEANOGRAPHY.
a. Polar Basin. The N o rth  Polar Region 

(F igure 1B2-1) is p redom inantly  m aritim e. Its 
principal fea tu re , the A rctic  Ocean, is a conical 
basin (the Polar Basin) th a t  covers approxim ately 
5,400,000 square miles, including the Greenland 
and N orw egian Seas. The egg-shaped bottom  of the 
basin, eccentric to  the N o rth  Pole, is abou t 15,000 
feet deep near the eastern  N o rth  A m erican and 
G reenland shores. To the w est is a n a rro w  sub­
m arine continental shelf along the C anadian A rc­

tic Archipelago and n o rth  coast of A laska th a t  in ­
creases in w id th  to  abo u t 375 miles ad jacen t to  
Siberia. W ith in  the A rc tic  O cean are several 
archipelagoes and  islands. C ontiguous local w a te r  
areas are the B arents, K ara , L aptev , E ast Siberian, 
Chukchi, and B eau fo rt Seas.

b. Currents. The A rc tic  O cean receives 
cold fresh surface  w a te r  from  no rthw ard -flow in g  
rivers of the N o rth  A m erican and E urasian  con­
tinen ts and w arm  saline w a te r  a t m edium  depths 
from  the A tlan tic  O cean w est of Spitsbergen. The 
clockwise cu rren ts  em pty  m ainly in to  the G reen­
land and N orw egian Seas. G enerally , there  are 
three tem p era tu re  layers: (a ) 28.6° to  32° F dow n 
to 500 to 600 f t ,  w ith  com paratively  little  salin ity ; 
(b) increase in tem p era tu re  and  salin ity  from  this 
depth to  about 2,500 f t ;  and (c) 30.6° to  32° F 
below this. Tides average from  a few  inches to  4 or 
5 f t  along the coasts, b u t in channels, fiords, and  
inlets they m ay reach  30 f t  as the  w a te r  piles up  in 
the restric tin g  narrow s.

c. Polar Ice.
(1) Extent. T h ro u g h o u t the year ap ­

proxim ately th ree -fo u rth s  of th e  A rctic  Ocean is a 
frozen elliptical su rface  of p£ck ice im penetrable 
to navigation. The g rea test density  of the pack ice, 
called the Pole of R elative Inaccessibility, is a t la t 
83° 50' N , long. 160° W . A lthough  conditions v a ry  
yearly , du ring  th e  w in te r  abo u t 90 percen t of the 
ocean is covered w ith  unnav igable  pack and fast 
ice, w hich extends from  the  perm anen t pack to  bo r­
dering coasts, seas, and  bays by A pril or May. In  
Ju ly  and A ugu st th ere  is a b rie f period of abou t 
six weeks in w hich fa st ice m elts and floats o u t to 
sea, opening A rctic  coasts to  nav igation .

Most of the ice in th e  A rc tic  O cean is sea ice 
ra th e r  th an  land ice derived from  glaciers and 
rivers. Its form s are  m any and  diverse, depending 
on age and the influence of w ea th er and ocean c u r ­
rents. I t  u sually  grow s 5 or 6 f t  annually  to  a 
m axim um  level thickness of 8 f t  by the end of tw o 
years. This thickness is sufficient insulation to  p re ­
ven t fu r th e r  freezing  on the  underside. As the 
pack ice constan tly  moves w ith  ocean cu rren ts , 
however, it  splits and telescopes so th a t  freq uen tly  
i t  piles up  200 f t  deep w ith  very  rough, jagged 
surfaces. Pack ice form ed from  w a te r  freezing 
between the splits or leads is sm ooth and m ay be 
extensive enough fo r a irc ra f t  landings.

(2) Formation.. Because Polar seas have 
low er th an  average (3 5 ° /00) salinity , ice begins
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to  form  on the  A rc tic  Ocean a t a higher tem pera­
tu re  th an  th e  usu al 29° F for more tem perate 
clim ates. A t first, ice m ay be salt free. As ice 
crystals con tinue to  grow , however, they en trap  
sa lt betw een them  so th a t  the ice m elts on top d u r ­
ing sum m er and  pools of fresh surface w ate r ap ­
pear. T he fresh  w a te r  percolates th ro ug h  the re ­
m aining ice thickness, ca rry ing  salt w ith  it. Ice 
aged a year o r m ore, therefore , is no t salty to the 
taste . The fresh  su rface  w a te r  seeping dow nw ard 
refreezes on the  bo ttom  and causes an upw ard  
m ig ration  of debris frozen  in the ice. This ac­
counts fo r  rocks, shells, and seaweed frequently  
seen on the  ice surface.

(3 )  Icebergs. Icebergs in the A rctic, in 
co n tras t to  those in th e  A n ta rc tic , are irreg u la r 
and  m ore p ic tu resque. Topography and calving, 
as w ell as tem p era tu re , are factors in determ ining 
th e ir  shape. A rc tic  bergs occasionally tow er 200 
to  300 f t  above the su rface  and m ay m easure five 
or more tim es as long from  end to  end. Because 
they float w ith  abou t five sixths of the ir mass be­
low the su rface , th e ir  to ta l height m ay be 1,200 to  
1,800 f t .  The p roportion  subm erged varies accord­
ing to  m oraine and a ir  con ten t.

Once freed from  the fiords, the icebergs move 
o u t to  open w a te r  and d r if t  long distances w ith  
w ind and c u rre n t, b u t because of their relatively 
deep d ra f t  they are less affected by w ind th an  is 
pack ice (F igure 1B 2-10). Yet, in general, the ir 
sou therly  d r if t  conform s closely to  th a t of the 
pack ice, th a t  is, th ro u g h  the East Greenland C u r­
ren t along eastern G reenland and the L abrador 
C u rren t along eastern  N o rth  America* The L abra­
dor C u rren t, especially, carries a vast num ber of 
bergs ou t of Davis S tra it and past the eastern coast 
of N ew foundland  in to  the G u lf Stream , where they 
finally m elt.

In  the N o rth e rn  Hem isphere the num ber of ice­
bergs reaches a m axim um  between M arch and early  
Ju ly , as does pack ice. I t  is then th a t  icebergs 
constitu te  a nav igational menace between N o rth  
A m erica and Europe. The southernm ost lim it a t 
w hich bergs have usually  been observed roughly 
follows the 4 0 th  parallel.

Since the  T it ante was sunk  by a berg in 1911, a 
ship p a tro l (the  In te rna tion a l Ice P a tro l)  has p re ­
scribed sailing routes sou th  of the norm al ice b a r­
rie r and has m ain tained a continuous pa tro l in the 
ice areas sou th  of N ew foundland . The reports of
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its w ork  constitu te  some of the m ost accu ra te  in ­
form ation on the behavior of A rctic  ice. C anada 
also m aintains a p a tro l every spring in the G u lf of 
St. Lawrence, w hich often  is congested w ith  pack 
ice d riftin g  in to  i t  th ro u g h  the s tra it  of Belle Isle.

(4) Arrival and Departure Dates. Table 
1B2-2 gives the approxim ate dates of a rriv a l and 
d ep artu re  of sea ice a t some A rctic  stations.

TABLE 1B2-2

Approximate Arrival and Departure Dates of 
Sea Ice at Arctic Shore Stations 

IRet. 3. 4. 5, 61

Sta tion

A p p ro x im a te
location P a ck  ice

Lat
N

Long.
W

A rr iva l D e p artu re

A la s k a

Barter Is la n d  
Gam bell 
Kotzebue  
N om e
Point Barrow

St. Pau l Is la n d  
W ale s

70° 8 0 ' 
65° 5 1 ' 
66° 5 2 ' 
64° 3 0 ' 
71° 18 '

57° 0 9 ' 
65° 3 7 '

143° 50 ' 
171° 3 6 ' 
162° 3 8 ' 
165° 2 6 ' 
156° 4 7 '

170° 13' 
168° 0 3 '

S e ld o m  free  
E arly  N o vem b er  
Late O ctober  
Late O ctober  
M id -N o v e m b e r

U su a lly  free  
M id -O c to b e r

Late M a y  
Late M a y  
Early  June  
Late Ju ly

Early  Ju ly

Green land

A n g m a g s s a lik  
A rs u k - lv ig tu t  
G odthaab  
Jako b sh a v n  
S co re sb y  S o u n d

T h u le
U p e rn av ik

65° 3 6 ' 
61° 10' 
64° 10' 
69° 14' 
70° 2 8 '

76° 3 2 ' 
72° 4 7 '

37° 3 5 ' 
48° 3 0 ' 
51° 4 5 ' 
51° 0 7 ' 
22° 0 0 '

68° 4 5 ' 
56° 10'

M id -O c to b e r  
E arly  A p r il 
U su a lly  free  
M id -D e c e m b e r  
S e ld o m  free

M id -O c to b e r
M id -D e c e m b e r

M id -J u ly
M id -J u n e

Early  M a y -

M id -J u n e  
E arly  June

C an ad ian  A rc h ip e la g o
Baffin  Ba y  

East entrance  
W ith in

C ap e  Dyer, south of 
Coronation  Gu lf 
D o lp h in  and  Union S tra it s  
H u d son  B a y

H u dson  S tra it
K in g  W illia m  Is la n d , north of 
Queen M a u d  G u lf 
S im p so n  S tra it  
Victoria  S tra it

Late  S e p te m b e r  
B y  O ctober  
O ctober  
Late  N o ve m b e r

Late O ctober

Late O ctober  
S e ld o m  free  
Late N o vem b er

Ju ly
M a y  be Ju ly  
Ju ly
Late Ju ly  
A u g u s t 1 
Early  Ju ly

Late Ju ly

Late  A u g u s t  
Early  A u g u s t  
A u g u s t 1

'M a y  be b locked  all year.

2. TOPOGRAPHY.
a. A rctic . Land su rround ing  the A rctic 

Ocean, w ith in  the region defined as the A rctic 
(par. 1 of 1A 1.04), is generally flat, m arshy, and 
treeless barren  cou n try . Covering the land  is a 
vegetative m at ( tu n d ra )  abo u t a foot th ick  com­
posed of varieties of moss, grass, sedge, and low

bushy shrub. The in su la tin g  effectiveness of the 
tu n d ra  is such th a t  hea t from  the  sum m er sun pene­
tra tes  and thaw s only to  a foot or so (p erm afro st 
active lay er). Because the un derly ing  perm afrost 
is impermeable to  w a te r , flat A rc tic  land areas h av ­
ing no hydrological g rad ien t become sa tu ra te d  
swam plands of countless shallow , impassable ponds 
and lakes, w hich in w in te r  freeze solid and afford, 
w ith  frozen rivers, excellent cross-coun try  ice 
roads.

In m ountainous topography , glaciers exist a t 
higher elevations w here tem p era tu res are con­
s tan tly  low. The surface  of G reenland is covered 
by an ice sheet. As the ice g rav ita te s  dow nw ard , 
it form s valley glaciers and fiords, w hich em pty 
d irectly  into the A rc tic  O cean or ad jacen t seas or 
feed A rctic rivers. Glaciers th a t  te rm inate  in tide­
w a te r break off as huge cliffs, w hich float o u t to  sea 
as icebergs.

Rivers d rain  in to  the A rc tic  O cean or adjoining 
seas. In spring, the  ice b reak u p  or th aw  of the 
rivers is a rapid  and  violent even t. The force of 
w ate r flooding dow n the channels tears up  the ice 
and drives it seaw ard a t abo u t 4 knots. Bends or 
constrictions in the channel cause tem porary  piling 
up ; w a te r and icebergs flood the valleys u n til the 
pressure breaks the ice b a rrie r. In  a week or less an 
entire  river w ill com pletely r id  itself of ice. R iver 
levels rise trem endously d u rin g  the  breakup , reach­
ing 70 feet or m ore above w in te r  levels.

b. Subarctic, Land areas defined as Sub­
arctic  (par. 2 of 1A 1.04) are  fo r the m ost p a r t  
heavily forested and  in ce rta in  sectors are qu ite  
m ountainous. The tran sitio n  of the A rctic  in to  
the Subarctic is evidenced by the presence of 
scattered  ind iv idual and isolated clum ps of shal­
low -rooted, short, coniferous trees. As la titu d e  
decreases, the trees increase in size, varie ty , and 
q u an tity , becoming large  dense forests. Scattered  
th ro ug h  the forests are  innum erab le shallow lakes, 
pond$, and m arshes. T u n d ra  su rro un d in g  the lakes 
g radu ally  spreads over the  w a te r  so th a t  m any 
lakes are ac tu a lly  floating bogs (m uskeg) d u rin g  
sum m er. O ver th e  years, m uskeg has in tu rn  given 
w ay to the g ro w th  of m any dense forests in the 
more favorable clim ates.

Perm afrost underlies m ost of the  Subarctic and 
especially the heav ily  forested  areas w here dense 
foliage does no t perm it th e  su n ’s heat rays to 
th aw  the ground . In  flat topography , such as in ­
te rio r zones, the  poor d ra inage caused by perm a-
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fro st and the lack  of hydrological gradient, as well 
as the absence of w ind barriers, restric t tree 
g ro w th  to  m uch low er la titudes. The protection 
from  strong  w inds and be tte r drainage afforded 
by m ountains is m anifested by tree grow th a t 
h igher la titu des. Subarctic  m ountains are bare 
or usually  bare (depending on la titu de) of vege­
ta tio n  on th e ir  n o rth ern  slopes, w hich are never 
fu lly  exposed to  the sun.

Rivers and stream s of the Subarctic vary  in their 
dra inage p a tte rn , w hich is governed by m ountain 
ranges and in te rio r con tinen tal shields. Some, 
therefo re , flow n o rth  in to  the A rctic  while others 
flow east or w est in the  Subarctic or south into 
the T em perate Zone.

3. CLIM ATE.
a. Temperature . The position of the ice- 

covered Polar Basin strongly  influences the climate 
of the charac teris tica lly  cold, desolate bordering 
lands of the A rc tic  Ocean. The mean tem peraturës 
of the w arm est and coldest m onths give a good 
indication of the clim ate. D uring  w in ter, the 
m ean tem p era tu re  on the icepack of the A rctic 
Ocean is abou t —30° F; along the A rctic coast it  
is abou t —20° F; and in the in terio r A rctic  Zone it 
varies from  abo u t — 11 ° to — 21 ° F. In  the Sub­
arc tic  coastal areas and along the A leutian Chain, 
w in te r is m ild, w ith  m ean tem peratures varying 
from  16° to  36° F, depending on locality. D uring  
sum m er, the m ean tem p era tu re  on the A rctic ice­
pack stays fa irly  constan t a t 32° F; in the A leu­
tians it  varies from  43° to  49° F; in the Subarctic 
coastal area it  varies betw een 49° and 57° F; and 
in the in te rio r A rc tic  it is about 60° F. The mean 
annual tem p era tu res of the N o rthern  Hemisphere 
are given in F igure  1B2-11.

The coldest m onth  of the year in the A rctic is 
usually  F eb ruary . For m any localities it is M arch, 
and in some years even A pril has a lower mean th an  
Ja n u a ry . The w arm est m onth over both land and 
sea, w ith  few  exceptions, is Ju ly . The A ugust 
tem p era tu re  c h a r t, how ever, is representative of 
sum m er conditions. Ja n u a ry  and Ju ly  isotherms 
around  the w orld  are shown in Figures 1B2-12 and 
1B2-13, respectively.

b. Precipitation. P recip itation  above the 
A rctic  C ircle is generally  ligh t, rang ing  from  5 to 
10 in. ann ually  in m ost areas. A pproxim ately 50 
percen t is snow, w hich  m ay fall any time du ring  
the year. The a r id ity  of A rctic  land areas is also 
eviden t in th e ir  low  re la tive  hum idity . L ight p re ­

c ip itation  occurs because a ir a t the prevailing low 
tem peratu res can not hold m uch m oisture. More­
over, w inds blow ing over the large icefields cover­
ing the region most of the year can not absorb as 
m uch m oisture as from  open w ater.

The m ean ann ual p recip itation  in the Subarctic 
is also relatively  ligh t, rang ing  from  10 to 20 in. 
The A leutians, how ever, have a high precip itation 
rang ing  from  29 to 76 in. on an average of 290 to 
348 days per year. Subarctic coastal areas have a 
to ta l p recip itation  vary ing  from  15.5 to 230 in., 
b u t the num ber of w et days is few er (91 to  296).

c. W ind . The frequency and velocity of 
high winds in the A rctic  is not as g rea t as in the 
more tem perate clim ates. T herefore, except for 
local areas of intense storm s, such as Greenland and 
the Herschel Islands, w here gusts of 162 m ph have 
been recorded, the A rctic  is no t considered w indy. 
The strongest w inds occur du ring  w in ter along 
the coast, w ith  com paratively  mild winds inland. 
The reverse m ay be expected in summer. A t Point 
B arrow , for exam ple, m axim um  winds of 100 
m ph d u ring  w in te r  and 41 m ph du ring  summer 
have been recorded. The m ost intense storms occur 
on or near land, especially w here high land faces 
the sea. W inds of gale violence seldom extend more 
th an  10 to  15 miles ou t to  sea. As a ru le , extrem e 
low tem peratu res are accompanied by calmness. 
R apid directional changes in local winds are 
common.

4. N A TU RA L RESOURCES.
a. Subsurface. Coal of different degrees of 

q u a lity  has been found  th ro u g h o u t the A rctic . A l­
though  there are indications of iron deposits in 
some areas, no im p o rtan t ones have been found. 
On the o ther hand, copper is qu ite  extensive in 
some locations; and apatite , tin , gold, silver, 
p la tinum , and u ran ium  are also present. Petroleum  
has been discovered in m any sections of the A rctic 
and Subarctic.

b. Surface. The most abu nd an t n a tu ra l re ­
source of the region is its rich  vegetation. In  sum ­
m er the tu n d ra  abounds w ith  a wide varie ty  of 
grasses, p lants, and flowers. The longer sum m er 
days in the S ubarctic  provide enough w arm th  to 
prom ote rap id  g ro w th  among the more common 
plants. The coniferous forests often extend n o rth  
of the  A rctic  Circle and are an extrem ely valuable 
source of fuel, bu ild ing m ateria l, and pulp.

c. Animal Life . C aribou (undom esticated 
reindeer) th rive  on tu n d ra  and provide food for
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natives and carnivorous animals. Moose and m usk 
ox, though no t as num erous as caribou, also th rive 
in the A rctic  and Subarctic . M ountain sheep and 
goats, A rctic  hares, snowshoe rabbits, g round squ ir­
rels, and lemmings are o ther noncarnivorous ani­
mals. The po lar and grizzly  bears, A rctic  wolf, 
A rctic  fox, C anada lynx , w olverine, m arm ot, por­
cupine, and weasel are fu r-b ea rin g  anim als found 
in p a r ticu la r  areas. M igratory  birds such as geese, 
ducks, and swans, and native  birds such as the 
snowy owl and p tarm ig an  are found above the A rc­
tic Circle. The cold stream s, rivers, and lakes f u r ­
nish tro u t, pike, salmon, and A rctic  graylings; the 
sa lt-w ater areas supply w hale, seal, w alrus, 
flounder, herring , and sim ilar aquatic  life. Al­
though the Polar Regions contain a wide varie ty  of 
food and fu r-b ea rin g  w ild  life, th a t  life is not as 
abu nd an t as m ight be expected.

In  sum m er, the  tu n d ra  abounds w ith  insects, 
p a rticu la rly  when distu rbed . I t  is estim ated th a t 
in more th an  tw o th ird s of the tu n d ra  there are 
ten times as m any insects per square mile as in the 
tropics. These insects include mosquitoes, black 
flies, deerflies, and midges. The num erous marshes 
and shallow lakes, and the long sunny days w ith  
slight tem p era tu re  change from  n igh t to  day d u r­
ing sum m er, provide ideal conditions for insect in­
cubation. These insects are an extrem e to rm ent to 
man.

5. DETAILED IN FO RM A TIO N . More detailed 
d a ta  on specific A rctic  and Subarctic  areas are 
given in Appendix B.
IB2.08 THE ANTARCTIC

1. SOUTH POLAR REG IO N . The South Polar 
Region (Figure 1B2-2) is largely occupied by a con­
tinen t (A n ta rc tica )  m ore th an  five million square 
miles in area. A lthough  fa r  from  being sym m etrical 
about the South Pole, the  region m ay be th o u g h t of 
as bounded by la t 70° S. W ater of oceanic depth 
(the  A n ta rc tic  O cean) separates the en tire  con­
tinen t from  the nearest o ther land  mass by 650 
miles. Between la t 55° and 65° S, therefore, no 
land in terferes w ith  w est to  east c ircu la tion  of sea 
and air. This creates perm anen t w est w inds and 
the w esterly d r if t ,  w hich, like the w andering  alba­
tross, ceaselessly circle the continent. H ere are 
found the roughest seas and fiercest w inds know n. 
There is no exchange of w arm  and cold a ir and 
w a te r  between the T em perate Zone and the Polar 
Regions, as there  is in the N o rth e rn  Hem isphere.

2. A N TA RC TICA . A n ta rc tic a  is encircled 
roughly by la t 60° S. I t  is believed th a t  the g reatest 
p a r t of the continent is a continuous p la teau , w hich 
is covered by a perm anen t ice sheet up  to  perhaps 
2,000 f t  in m axim um  thickness, b u t more in basins. 
Only a very small p roportion  of the land surface—  
com paratively new  areas of d a rk  volcanic rocks 
and peaks of the higher m ountain  regions— is ex­
posed. The average a ltitu d e  is a roun d  6,000 f t . 
The ice sheet is the source cff countless glaciers th a t  
fringe the entire  coast and fill num erous ice-w orn 
valleys.

3. ICE. M any of the  glaciers form  immense flat 
floating ice sheets 500 to  1,500 feet th ick , grounded 
a t the coast and ex tending in to  the sea w here they 
are exposed to  ocean cu rren ts . Each sum m er, 
when the breakup  of w in te r  sea ice allows the fu ll 
force of the ocean swell to  reach th e  ou te r floating 
ends of the ice sheets (o r barrie rs  as they are some­
times called), large frag m en ts  are calved and float 
no rthw ard , d is in tegra tin g  in w arm er, sto rm ier 
w aters. The largest and best know n ice sheet, thé 
Ross B arrier or Ross Shelf Ice (F igure  1B 2-14), is 
about the size of France. I t  extends to  w ith in  300 
miles of the South Pole, and because of its flat 
smoothness, affords the  easiest approach to  the Pole.

A n tarc tic  sea ice is com paratively  tem porary , 
form ing in sheltered bays by the  end of Ja n u a ry  
and usually  com pletely frozen  by M arch. F requen t 
strong winds cause large  yearly  varia tions in the 
ex ten t of sea ice form ed. In  sheltered bays, how ­
ever, the ice increases to  a m axim um  thickness of 
7 feet by O ctober or N ovem ber. I t  begins to  b reak  
up and d r if t  n o rth w a rd  in Decem ber, b u t the ice 
trapped in inner bays m ay no t b reak  up u n til 
F ebruary , and occasionally no t fo r several succes­
sive years. The belt of d r if tin g  pack  ice encircling
the continent is composed of ice from  these break-/ups.

4. CLIMATE. C lim atological sum m aries of 
available da ta  on A n ta rc tic a  are given in Table 
1B2-3.

a. Temperature. The m ean A n ta rc tic  tem ­
p era tu re  is approxim ately  5° F low er th an  cor­
responding no rth ern  la titu des. The lowest recorded 
tem pera tu re  know n is —75° F a t the Bay of 
W hales; —83° F, how ever, has been reported  94 
miles from  this location. P robab ly  low er tem pera­
tu res prevail fa r th e r  in land. Low sum m er tem ­
peratu res are p rev a len t; th ere  is no m onth  in w hich
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---------LIMIT OF THE SOUTH POLAR REGION
— ^ ISO TH ERM S OF THE WARMEST MONTH 

^DIRECTIONS OF ICE MOVEMENT

FIGURE 1B2-14
South Polar Region—Ice Currents
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the m ean a ir  tem p era tu re  exceeds 32° F (Ref. 6a). 
H o t springs are th o u g h t to  be the cause of the u n ­
frozen  lakes.

b. "Precipitation. Rain is v irtu a lly  non­
ex isten t w ith in  th e  A n ta rc tic  Circle. Measure­
m ent of dep th  of snow fall is extrem ely difficult be­
cause of inab ility  to  distinguish between falling 
and blow ing snow. A t sea level, annual snowfall 
is less th an  1 f t .  Elsewhere, it  has been reported 
as v a ry ing  from  10 to  15 in., the greatest being in 
the n o rth e rn  p a r t  along the  w est coast of Palm er 
Island.

Fog is common along the coasts. Cloud cover is 
high th ro u g h o u t the  A n ta rc tic , ranging from  60 
to  90 percen t and  increasing somewhat from  De­
cem ber th ro u g h  M arch. (R ef. 6a.)

c. W ind . A tm ospheric pressure increases 
near the Pole. The high pressure lying over the 
A n ta rc tic  in te rio r  is su rrounded  by low pressure 
along th e  coasts. P ressure d istribu tion  and topog­
raphy  produce excessively strong  winds th a t, ac­
com panied by  snow and  d rif tin g , become blizzards.

These w inds preven t form ation of fast ice along 
portions of the coast or they continually  break off 
the fa st ice th a t  does form , blow ing i t  in to  the 
ocean pack ice.

From  the continent, ou tw ard -b low ing  winds p re­
vail. Because the coast generally has an east-w est 
tren d , the w inds, w hich alw ays have a le ftw ard  
deviation caused by the e a r th ’s ro tation , ord inarily  
blow from  the A frican  Q u adran t.

The Com m onwealth Bay area is believed to  be 
the w indiest in the  w orld. D u ring  22 m onths, from  
1911 to  1914, the w ind averaged 43 m ph; d u ring  
Ju ly  1913, a gale of 96 m ph was experienced in 
w hich an average speed of 89 mph was m aintained 
fo r 12 hours. B lizzards generally do no t extend 
fa r  o u t over the sea and they are ra re  d u ring  sum ­
m er (N ovem ber, December, and Ja n u a ry ) . Bliz­
zards are usually  associated w ith  no rtherly  winds.

5. N A TU RA L RESOURCES. Coal is probably 
the principal n a tu ra l resource. Covered by an ice 
sheet, the continent is devoid of vegetation and is 
inhabited only by penguins, w hich feed on fish.
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CHAPTER 2. DESIGN

PART A. GENERAL CONSIDERATIONS

Section I. CRITERIA

2A1.01 GENERAL

The first requ irem en t fo r successful design and 
construc tion  of an engineering facility  in the Cold 
Regions is a recognition of the disciplines in the 
area w here the pro ject is to be located. To assist 
in m aking available a know ledge of these factors, 
the m ateria l in C h ap ter 1 and Appendix B has 
been compiled from  the best available sources.

The engineering principles governing and con­
tro llin g  any design in the Cold Regions are the 
same as those used and applied in the Tem perate 
Zone. In  using these principles, the disciplines

m ust be recognized, and the design and co n stru c­
tion necessary to  accomplish the purpose of the 
mission m ust be such th a t  the project is feasible 
and can successfully m eet the requirem ents im ­
posed by clim ate, te rra in , and o ther local factors.

The design should be governed by and m ake 
optim um  use of the conditions to w hich the facility  
w ill be subjected and of the m aterials available in 
the area. Experience has definitely shown th a t  
fa ilu re  to recognize, cooperate w ith , and use the 
forces of n a tu re  in the Polar Regions often  makes 
an otherw ise p racticab le  project unfeasible.

Section 2. SITE SELECTION AND  SAMPLING

2A2.0I GENERAL

All site studies w ill be governed by the disciplines 
of the area and by the type, charac ter, and im por­
tance of the developm ent as outlined in the as­
signed mission. In  selecting sites for specific types 
of developm ents, emphasis is often required on fac ­
to rs th a t  fo r o ther types of facilities may not be 
critica l. In the p ertin en t Sections of this publica­
tion, supplem entary  considerations applicable to 
the selection of sites fo r s tru c tu res  of a specific 
function al n a tu re  are suggested.

A t the earliest p racticab le  date, it should be de­
term ined w h eth er the active or passive method of 
construc tion  w ill be used; when p ractical and con­
sistent w ith  the mission, diffusivity measurements 
of m aterials in place should be made. (See Section 
2A8.) In some cases, both methods may be in ­
dicated . Site studies should, in general, develop 
in fo rm ation  regard in g  the following points.

( 1 ) Possible access routes w ith  emphasis on 
those fac to rs  th a t  m ay in terfere  w ith  tran sp o rta ­
tion, un loading, and storage operations.

(2) V u ln erab ility  of shore and near-shore in ­
stallations to  storm s, w inds, high tides, and pack

and offshore ice. (D urin g  periods of storm  and 
high offshore w ind , pack and offshore ice m ay be 
forced high above indicated ice levels.)

(3) V ulnerab ility  to avalanches, snowslides, 
d r if tin g  snow, floods, icing, solifluction, and o ther 
po ten tially  destru c tiv e  phenomena.

(4) Exposure to  prevailing w inds and the sun, 
and possible effects of such exposure.

( 5 ) C h arac te r of vegetation and of such soil as 
can be readily  exposed.

(6) O ccurrence, type, and d istribu tion  of 
perm afrost and taliks.

(7 ) Thickness of seasonal frost and the depth 
of th aw .

(8) Land form ation , topography, and d ra in ­
age.

(9 ) G round w a te r  and possible sources of 
w a te r  supply.

(10) A vailab ility  of construction  m aterials.
Site surveys and planning should be based on a 

p rac tica l tim e schedule governed by the disciplines 
of the area involved and contingent upon the p er­
sonnel, m ateria l, and equipm ent th a t  can be m ade 
available.
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2A2.02 RECONNAISSANCE AND PRELIMINARY 
SURFACE SURVEYS

I. A IR  RECONNAISSANCE. W here p rac ti­
cable, an  a ir  reconnaissance should precede ground 
surveys and exploration . A erial photographs, when 
in te rp re ted  by personnel tra in ed  in  such w o rk , can 
be of g rea t assistance in  the  prelim inary  s tu d y  of 
the site, especially in  ou tlin ing  the  presence and  ex­
te n t of the  perm afrost area. W herever p racticable 
to  do so, they  should be tak en  so as to  provide 
means fo r a stereoscopic stu dy  o f the  surface 
phenomena, includ ing  land  form s, drainage, and 
vegetation , as w ell as existing roads and railw ays 
and po ten tia l routes fo r  fu tu re  lines of tran sp o rta ­
tion.

In  the evaluation  of a perm afrost area as a prob­
able site for the developm ent of an  engineering 
project, the topographical portion  of the area in 
term s of its existing disciplines is probably  one of 
the m ost im p o rtan t fac to rs  in helping to  indicate 
the ch a rac te r  and n a tu re  of the  m aterials in the 
area.

V egetational clues to  perm afrost and ground 
w a te r  are  discussed in  Section 2A5. The appear­

ance of vegetation , inc lud ing  trees and  shrubs, w ill 
show on a ir  photographs. The topography  of th e  
area, as indicated from  the  a ir  photographs, w ill 
show w hether or n o t th e  area  is m ountainous, an  
up land p la teau  or te rrace  w ith  good or re ta rd ed  
drainage, a flood p lain , or a com bination of these. 
T ransition zones can u su ally  be identified and  an 
estim ate m ade of th e  c h a rac te r  of th e  m ate ria l fill­
ing the sm aller valleys.

The presence of ta lik s  w ill u su a lly  be ind icated  
by vegetation , and  a good estim ate can be m ade of 
the n a tu re  and e x ten t of the  active  layer.

The surface of m any perm afrost areas, w here 
the active layer is shallow  and  composed of fine­
grained m aterials such as silt o r c lay , is freq u en tly  
m arked by geom etric p a tte rn s  called polygons, as 
illu stra ted  in F igures 2A2-1 and 2A 2-2. These p a t­
terns are the re su lt o f th e  segregation of ice and 
soil masses. M any types ex ist; th e  tw o  principal 
ones are illu stra ted . In  F igure 2A2-1 the centers of 
the blocks are depressed, b u t in F igure 2A2-2 they  
are raised. W herever such polygons exist ( th e  ac­
tive layer and freq u en tly  fo r some distance below 
i t ) ,  the upper soil masses m ay be separated  by

FIGURE 2A2-1
Depressed-Center-Type Polygons About  200 Feet Across (Ref. 71
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FIGURE 2A2-2
Raised-Center-Type Polygons A b out  75 Feet A cross I Ref. 71

lenses and  strin gers  of ice (Section 2A 5). In  these 
areas the passive m ethod of construction  is usually 
indicated , except fo r very  tem porary  s truc tu res 
(R ef. 7 ) . (See Sections 2A6 and 2C2.)

2. GEOPHYSICAL METHODS. Geophysical 
m ethods of soil exp lo ration  on the surface can de­
velop valuab le  d a ta , especially w hen they are used 
to  ascertain  the  dep th  of perm afrost or the depths 
a t  w hich rock  is located.

3. G R O U N D  SURVEYS. U sually the only 
equipm ent involved in the  prelim inary g round  su r­
vey w ill be han d  excavation  and probing tools, 
therm om eters fo r  tak in g  a ir , w a te r, and soil (in­
c luding p e rm afro st)  tem peratu res, and w hatever 
in strum en ts  are  necessary to  obtain required  in fo r­
m ation on topography  and location. All inform a­
tion ga thered  d u rin g  th e  prelim inary  surveys, 
includ ing  p e rtin en t fac to rs  developed from  the 
aerial reconnaissance as w ell as the resu lts of the 
geophysical and pre lim inary  surface and subsur­
face explorations, should be recorded. A surface 
p la t should be p repared  showing details pertain ing 
to  vegetation , types of soil, and topography, w ith  
emphasis on dra inage , snow covering, and evidence

of icing and o ther po ten tia lly  de trim en ta l phenom ­
ena, as w ell as the  location of perm afrost and taliks 
in and near the area un der consideration. H ow ever, 
the  am ount and  type of in fo rm ation  developed 
should be consistent w ith  the  purpose and  im por­
tance of the  assigned mission. Such a p la t should, 
in every case, show the  political subdivision in 
w hich the  area  is located and  the proper reference 
to  m onum ents and  lines of know n geographic loca­
tion. I t  is recom m ended th a t  the su rface  p lats be 
m ade so as to  be capable of being superimposed 
one on the  o ther or on o ther m aps th a t  m ay la te r  be 
m ade of the area.
2A2.03 SUBSURFACE INVESTIGATIONS

1. GENERAL. In  p erm afrost areas i t  is u su ­
ally essential th a t  studies of th e  subsurface  condi­
tions extend over a g rea te r  area  and be carried  to  
a g rea te r dep th  th an  fo r a sim ilar investigation  in 
the  T em perate Zone.

The subsurface  exploration  should develop in ­
form ation  as to  th e  thickness and n a tu re  of the  
cover, th e  dep th  of the  seasonal freeze and  th aw , 
and  the  dep th  to  the  perm afrost to  determ ine
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w hether or no t the perm afrost is sufficiently near 
the surface so th a t  it , too, m ust be studied.

W here the active layer is shallow and the perm a­
fro st is only a few  feet from  the surface, the pre­
lim inary s tu dy  can be m ade in p a r t by probing or 
sounding w ith  a rod or pipe, by using an auger, or 
by test pits. Studies of the active layer should be 
sufficiently thorough  so th a t  consideration can be 
given to the following.

( 1 ) Swelling
( 2 ) L ongitud inal m ovem ent
(3) U neven freezing and thaw ing
(4) G round  w a te r
( 5 ) Expected settlem ent
(6) D ep th  of seasonal freeze and th aw  

If  perm afrost comes w ith in  the province of the 
study , the n a tu re  of the con tac t betw een the 
perm afrost and the active layer should be care­
fu lly  considered. For all s tra ta  th a t m ay be con­
sidered a p a r t  of the foundation , consideration 
should be given to  the advisab ility  of tak in g  in- 
place samples so th a t  necessary studies can be made 
to  determ ine the s tru c tu ra l  properties of the m a­
teria l in place. Such studies w ill include n a tu re  of 
the m atrix , its com paction, w a te r  con ten t, and 
stra tifica tion , and a m echanical analysis of the m a­
teria l o ther th an  the m atrix .

2. PRO BIN G, SO U N D IN G , A N D  PEN ETRA ­
T IO N  TESTS.

a. Simple Probing, The simplest type of 
sounding consists of d riv ing  a steel b a r in to the 
soil to determ ine the approxim ate elevation of 
various s tra ta , especially perm afrost. Fine silt, 
un frozen  soil, and gravel s tra ta  also usually  can 
be detected by this m ethod and, of course, bedrock 
and some clayey form ations.

b. D rop-Penetration Test, A nother method 
of sounding, called drop penetra tion , consists of 
d riv ing  a steel ra il or rod for a few  feet in to the 
soil and recording the num ber of blows required to 
drive one foot. The follow ing from  an unpublished 
paper is of in terest in reference to  the resistance 
of frozen ground  to the penetra tion  test.

Experience has led to the follow ing ten ta tive  
conclusions regard ing  the resistance of frozen 
ground against the penetra tion  of test rails. If  
the num ber of blows per foot of penetra tion  of a 
test rail (ra il w ith  a w eigh t of about 70 lb per 
yard , ham m er w ith  a w eigh t of 2,200 to 2,500 
lb and 10 -ft drop) is sm aller th an  10, the ground 
is probably un frozen , and if it  is g rea te r than

12, it is probably frozen. I f  the num ber of blows 
per foot of penetra tion  is betw een 10 and 12, 
one can not know  w h eth er or not the g round  is 
frozen. As a ru le  the increase of the num ber of 
blows a t the boundary  of the perm afrost is so 
conspicuous, th a t  there  can no t be any doub t re ­
garding the location of th is boundary . (Ref. 8.)
When using the drop -penetra tion  m ethod to 

judge soil density, it  should be borne in m ind th a t  
it is only indicative of density  w hen used in g ra n u ­
la r m aterials. I t  is p a r tic u la r ly  unreliab le in co­
hesive silt or clay, or w herever adfreeze has devel­
oped because of delays in d riv ing . Also, except a t 
com paratively shallow depths, fric tio n  along the 
rail or rod m ay be sufficient to  obscure the sig­
nificance of the d riv ing  d a ta  in respect to  the den­
sity of the soil penetra ted . W herever practicab le , 
therefore, in-place samples should be taken .

c. Com bination Drop Penetration and Sam­
pling, A more sa tisfac to ry  m ethod of sounding 
combines the d rop -p enetra tion  m ethod w ith  bo r­
ing and sam pling operations. In  this m ethod a cas­
ing is driven and a spoon sam pler is su b stitu ted  fo r 
the steel rail or rod. The spoon is then driven, as 
in the conventional d rop -p enetra tion  m ethod, and 
the num ber of blows per foot of penetra tion  is 
recorded.

Inform ation on the degree of com pactness of a 
deposit of cohesionless m ateria l is obtained by 
counting the num ber of blows of the drop 
w eight th a t  are needed to  drive the sam pling 
spoon to a dep th  of one foot in to  the soil located 
beneath the bo ttom  of the drill hole. A w eight 
of 140 lb and a drop of 30 in. are considered 
standard , and the pen etra tio n  test perform ed 
under s tan d ard  conditions is called the standard  
penetration test. Experience has disclosed the 
following approxim ate re la tion  betw een the 
num ber of blows, N , per foot of penetra tion , 
and the corresponding degree of com pactness of
sand. (Ref. 8.)

N u m b er o f b low s, N
0-4 4-10 10-30 30-50 over 50

very
loose

Degree o f compactness 
loose m edium  dense very

dense
The dimensions of the sam pler used in obtaining 

the above da ta  are 2.0 in. OD and 1.375 in. ID.
There are in existence several procedures o ther 

than  this, w hich involve d ifferen t types of spoons,
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w eights, and  heights of drop of a ham m er fo r 
w hich correlations of penetration  resistance and 
soil properties have been tab u la ted . All data  con­
cerning the  specific procedure used should always 
be reported  on any d riv ing  record.

I t  is em phasized th a t  extrem e caution should be 
exercised in  using any  table of correlations o u t­
side the  areas o r fo r o ther conditions th an  those 
for w hich  correlations have been established; 
even then , large deviations from  such correla­
tions have been reported . The penetration re ­
sistance depends no t only on dimensions of the 
equipm ent and the  consistency or relative den­
sity of th e  soil, b u t i t  m ay also vary  w ith  the 
m ethod o r operation , depth below ground su r ­
face, and  o ther fac to rs  not yet fu lly  investigated. 
(R ef. 9.)
A lthough  they  m ay give only an approxim ate 

indication  of density , d riv ing  records of d ry ­
sam pling spoons are  usefu l for com parative p u r ­
poses and  are  m uch m ore reliable th an  the overall 
penetra tion  record  of a borehole casing because the 
overall fric tio n a l resistance is less.

3. TEST PITS. T he valid ity  of all in te rp re ta ­
tions, conclusions, and  designs based on test results 
and stu dy  of a specimen depends on the sample and 
how tru ly  the  sample represents the m aterial from  
w hich it  is tak en . W herever p racticable and con­
sistent w ith  the  im portance of the project, test pits 
are  recom m ended. They have the definite advan­
tage of pe rm ittin g  an in-place study  of the m a­
terials, and in all cem ented or cohesive m aterials 
they p erm it ob ta in ing  of samples in place for field 
and lab o ra to ry  stu dy . Samples, a f te r  being taken 
from  test pits, should be im m ediately w rapped in 
cheesecloth and  paraffined, as indicated in Figure 
2A 2-3. Samples of frozen m aterials so taken 
should be preserved in  their frozen state  un til 
m oisture con ten t, com paction, and n a tu re  of m a­
te ria l have been studied . In  some cases, shear tests 
to  be m ade in  a cold room  on frozen sections may 
be indicated .

The in -p lace volum e of an irreg u la r  block or 
chu nk  tak en  from  a te s t p it for sam pling purposes 
can be determ ined, a f te r  i t  has been covered w ith  
cheesecloth and  paraffin , by im m ersing the block 
in cold w a te r  and  m easuring the volume of w ater 
displaced. W hen the  sam ple is from  thaw ed, g ran u ­
la r  m ate ria l, the  follow ing procedure is recom­
m ended.

A clo th  o r ta rp a u lin  to  collect the  sample is

FIGURE 2A2-3
In -P lace  Sam ples Paraffined and Ready far 

Transportation to Soil M echanics Laboratory

placed a t  the  bottom  of the  p it nex t to  the bank. A 
hand shovel or pick is used to  dig a vertica l chan­
nel from  top to  bo ttom  of the face being sampled 
u n til 50 to  100 pounds of m aterial are collected.

Such samples can be studied and reduced by 
q u a rte rin g . I t  is recom m ended th a t m easurem ents 
be tak en  so th a t  a calcu la tion  can be made of the 
in-place volum e of th e  m ateria l recovered. Be­
fore q u a rte rin g , i t  is recommended th a t  the 
volume occupied by th is m aterial be studied so as 
to  get some indication of its packing in situ. Should 
it  be desired to  reduce the sample a f te r  its loose 
volume is determ ined, s tandard  q u a rte rin g  pro­
cedure can be followed.

4. SOLID CORINGS. The refinem ent of the 
sam pling m ethod and the type and size of the 
sam pler used should be such th a t the  sample is as 
represen ta tive  of the  essential properties of the  soil 
as is p racticab le  and consistent w ith  the purpose for 
w hich the sample is to  be used. T aking  in-place 
samples by an app ro pria te  sam pler (par. 7 of 
2A2.03) ahead of the casing, if casing is used, is 
freq uen tly  term ed d ry  sam pling, even though , in 
m any cases, the  sample m ust be recovered from  a 
drillhole filled w ith  w a te r . There is no such th ing  
as a com pletely u n d istu rbed  sample tak en  from  a 
borehole. E very  effort, how ever, should be m ade to  
secure an in-place sam ple w ith  a m inim um  am ount 
of d is tu rban ce  to  the  m ateria l.

All samples should be properly identified w ith  
duplicate  labels th a t  w ill rem ain readable u n d er
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field conditions. Labels should indicate the  fol­
lowing things.

( 1 ) Location of w ork
( 2 ) Hole designation
( 3 ) Sampler num ber
(4) E levation of bo ttom  of sample re fe r­

enced to  station  d a tu m
(5) Classification (soil ty pe) of sample
(6) D ate tak en
(7) Length of sample
(8) W eight of sample, plus container, prior 

to  sealing
a. Disturbed Samples. Samples of hard , 

g ran u la r , and cohesionless soil th a t  are im prac­
ticable to  ob tain  w ith o u t d is tu rb in g  the m aterial 
should be taken  by the  dry-sam pling m ethod w ith  
an approved sp lit-b arre l sam pler equipped w ith  a 
flap valve, w hich w ill p reven t the  sample from  
falling  ou t w hile the  sam pler is being removed from  
the hole. (See F igure  2A 2-8.) Each sample should 
be placed in a w idem outhed a ir tig h t con tainer of 
a t least one-pint capacity . The con tainer should be 
com pletely filled, capped to  exclude air, sealed, and 
labeled.

b. Undisturbed Samples. U ndisturbed  sam­
ples should be tak en  below the  bo ttom  of the cas­
ing, w hen casing is used, w ith  a Sprague and Hen- 
wood, Shelby tu be , or o ther approved type of 
sampler. (See Figures 2A 2-9, 2A 2-10, 2A2-11, and 
2A 2-12.) The bo ttom  foot of soil in the casing 
should be cored o u t w ith  a spoon-type sam pler and 
discarded, a f te r  w hich the  un d istu rbed  sample 
should be taken  im m ediately below the bottom  of 
the casing. The sam pler should be jacked or pushed 
into the soil in such a m anner th a t  there  w ill be a 
m inim um  d istu rbance  of the sample. Im m ediately 
a f te r  tak in g  the  sample, the soil should be c u t off 
flush w ith  bo th  ends of the tu b e  and the tube closed 
w ith  tig h t-f ittin g  m etal covers, w hich should be 
sealed w ith  fric tio n  tape and paraffin or qu ick­
dry ing  varnish. N o plugs of any k ind  should be in­
serted in the ends of sample tubes in place of m etal 
caps. In  the event th a t  a fu ll tu b e  is no t obtained, 
the sample should be discarded and a new fu ll tube 
should be taken  from  the m ateria l d irectly  below.

c. Run-Ins. C arefu l m easurem ents should 
be m ade of the position of the core in rela tion  to 
the  c u ttin g  shoe so th a t  the  record  w ill indicate 
the am ount of ru n -in  th a t  occurs as the drilling 
progresses. Such in fo rm ation  w ill also determ ine 
w hether or no t it  is p racticab le  to  d rill and sample

ahead of the c u ttin g  shoe. A tim e and  distance 
record should be m ade fo r all casing d riven  so th a t  
the penetration  in to  each s tra tu m  can be d e te r­
mined and corre la ted  to  the  am ount of core c a r­
ried in the  casing. In  the  case of C alifo rn ia-type 
wells, the pressures used, len g th  of tim e applied, 
and distances advanced should be noted.

W hen possible run -in s are ind icated , i t  is recom ­
mended th a t  the  casing be k ep t fu ll  of w a te r , w ith  
the fines carried  in  suspension w hile the  liqu id  is 
being ag itated . In  th is w ay  th e  w eigh t o f liqu id  
w ith in  the casing w ill be increased, the difference 
in pressure a t the  shoe is reduced , and the  am ount 
of run -in  a t the c u ttin g  shoe w ill be reduced to  a 
m inim um . I f  the sand and  w a te r  have insufficient 
w eigh t to  p reven t the  m ovem ent of the m ateria l 
in to the casing from  below the  shoe, consideration 
should be given to  increasing the  w eigh t o f the 
drilling fluid. In  e ither case, a f te r  the  hole has 
been cleaned o u t and  ag ita tion  of the liqu id  re ­
duced, it  is suggested th a t  m etal slugs be dropped 
in to the casing before the  sam ple is c u t. Such 
slugs w ill be recovered in the  sam ple and  w ill in ­
dicate the line of dem arcation  betw een th e  fine m a­
teria l, w hich has settled  in  the  bottom  of the  hole, 
and the m ateria l th a t  w as in  place. (See F igure 
2A2-4.)

d. Records. W ritten  records in the requ ired  
num ber of copies should be k ep t and should in ­
dicate (a) the g ro u n d  elevation a t  the location of 
each boring, (b ) a descrip tion of the  ch a rac te r  of

FIGURE 2A2-4
Sam ple Sh o w in g  Use of Iron  Slugs
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th e  m aterials, includ ing  the elevations a t which 
th ey  w ere encoun tered , and (c) 'the elevation of 
th e  g ro u n d -w a te r  level w hen first encountered 
and  again  24 hours a f te r  completion of the bo r­
ing. A ll elevations should be referenced to the 
sta tion  d a tu m . D riv ing  inform ation should be 
recorded, as w ell as the size of casing used and the 
size and descrip tion (m an u fac tu re r  and model) 
of the sam pler.

5. W A SH BORINGS. W ash-boring samples are 
freq u en tly  used, b u t even though they show the 
c h a rac te r  of the m ateria l penetrated , they do no t 
indicate  the n a tu re , density  of packing, or m atrix . 
U sually  the finer sizes are  washed up and many of 
these m ay be lost in whole or in p a rt. C orrect de­
te rm inatio n  of the d is tribu tio n  of the fines in such 
samples is u su ally  im practicable. W ash samples 
alone, therefo re , can be extrem ely misleading and 
w holly inadequate  fo r design purposes. I t  is be­
lieved th a t  w ash samples in perm afrost regions have 
even less va lue  th an  in the Tem perate Zone.

F igure 2A2-5 illu s tra tes  typical equipm ent fo r 
m aking w ash -d rill borings. The rope for raising 
and  low ering the casing m ay be m anipulated either 
by  a m otor w inch , as shown, or by hand. A hand- 
driven  pum p m ay be sub stitu ted  for the m otor- 
d riven  pum p indicated . (See Ref. 10, p. 484.)

6. C H U R N  DRILLS. A nother m ethod of ob­
ta in in g  w ash-boring  samples makes use of churn  or 
percussion drills of the  type m anu fac tu red  by 
B ucyrus-E rie  Co., Keystone D rilling Co., and 
others. This type  can d rill to  re latively  g rea t 
depths. Samples from  the drillhole m ay be ob­
ta ined  dow n to  1,000 feet, depending on size of 
casing and ch a ra c te r  of ground . The accuracy of 
the  sample depends g rea tly  on the ch a rac te r of the 
m ateria l and w h eth er i t  is frozen or thaw ed. 
U sually , w hen samples are obtained by this type of 
equ ipm ent, the  .fines are lost and the degree of com­
pactness can no t be sa tisfacto rily  determ ined.

The casing used is usually  6 in. in diam eter, a l­
thou gh  casing as large  as 16 in. has been used. 
E x trah eav y  casing is recom m ended w here m any 
boulders are  encoun tered  or w hen the casing m ust 
be driven  to  g re a t depths. Casing sm aller than  6 in. 
is sometimes used, b u t fo r hard  driv ing  a t depths 
over 50 f t ,  6-in. or la rg e r casing is recommended 
because i t  can  be pu lled  w ith  less chance of dam age 
to , or loss of, the  casing. To p ro tec t the lower end 
of the  casing from  in ju ry  w hile driv ing , a w rou gh t - 
iron  d rive  shoe is used. On 6-in. casing the drive

FIGURE 2A2-5
Equipm ent for M ak ing  Wash-Drill Borings 

(Ref. 9 1

shoe is usually  made 7 1/ 2 in. in diam eter a t the c u t­
tin g  edge. I t  is slightly  beveled in w ard , has a 
tem pered edge, and is th readed  to receive the cas­
ing, w hich rests on a shoulder of the shoe. (Ref. 
11, 12.)

N o casing is usually  required  in ch u rn  drilling  
in perm afrost w here no ta liks are present. Casing 
is requ ired  w hen drilling  th ro ug h  the active layer 
and should p en etra te  the perm afrost to  a sufficient 
dep th  so th ere  w ill be no in filtra tion  of w a te r  from  
the surface  or the con tac t betw een the active layer 
and  the  perm afrost. The usual required  p en etra­
tion  in to  perm afrost is approxim ately 10 feet.

V arious types of drive heads are used, one type 
being m ade of a s tan d ard  coupling and a nipple of 
ex trah eavy  pipe. The casing is d riven by strik ing  
the  d riv ing  head on the casing w ith  d riv ing  clamps 
a ttach ed  to  th e  d rill stem. The stroke of the drill
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represents the length  of the  blow, and the entire 
w eight of the drilling  tool represents the w eigh t of 
the hammer. (For another m ethod of sinking cas­
ing, re fer to  par. 8 of 2A 2.03.) Such casing is 
pulled from  the g round  by su b stitu tin g  a pipe­
pu lling  ja r  fo r the drill b it. A th readed  flange 
screwed into the top coupling of the casing is 
ja rred  by a series of u p w ard  blows im parted  by the 
drilling  motion of the rig , each blow te rm ina tin g  at 
the end of the u p w ard  stroke in a pow erfu l pulling 
action. (Ref. 11, 12.)

In  this type of d rilling , the hole is cleaned out 
from  time to  tim e by a valve bailer or pum p con­
sisting generally of an iron pipe containing a valve 
in the bottom . A line operated by a special sand 
reel on the drilling  rig  rap id ly  drops the bailer, 
causing it to suck in the m ateria l a t the bottom  of 
the casing. A small q u an tity  of w a te r  is requ ired  in 
the casing w hen recovering m ateria l by this 
m ethod. Bailers m ay be of various types, depend­
ing on the m ateria l being recovered. W hen the 
casing is sufficiently large in diam eter (12 to  16 
inches), a small orangepeel bu cket is sometimes 
sub stitu ted  for the bailer. Such equipm ent is p a r­
ticu la rly  efficient in rem oving large chunks of 
boulder or heavy gravel from  the hole. (R ef. 13.)

F igure 2A2-6 illustra tes one type of portable 
percussion drill. The tool strin g  setup to  drive, 
bail, and pull the  casing is typical of the equipm ent 
used by all percussion-type drills. .

7. SELECTION OF T H E  SAMPLER. The tech­
nique of sam pling is developing rapid ly  and new 
types of sam pling devices are constan tly  being de­
signed to keep pace w ith  new  developm ents in soil 
mechanics. This trend , a lthough  lim iting the older 
m ethods and equipm ent to  specific uses, does not 
m ake them  obsolete; instead, it  emphasizes the 
point, already m entioned, th a t  no one m ethod or 
type of equipm ent can serve all purposes fo r w hich 
soil samples m ay be required . Experience, good 
judgm ent, and know ledge of the ch a rac te r of the 
soil and use of the sam pler are necessary to  obtain 
samples th a t are represen tative of the m aterial. 
Regardless of the type of sam pling device selected, 
i t  should be capable of recovering a sample su f­
ficiently large in diam eter to  perm it the necessary 
paring  before the sample is studied .

a. Solid-Barrel Sampler. The cores shown in 
F igure 2A2-3 w ere tak en  w ith  a so lid-barrel sam ­
pler made from  a 4-inch pipe w ith  holes near its 
top to  perm it a ir  and w a te r  to  escape. The cu ttin g

edge of the core b arre l w as slightly  ben t in w ard  so 
th a t  friction  was reduced  as m uch as possible on 
the inner surface of the pipe as it  was d riven  in to 
the soil. The sample in a core b arre l o f th is type 
m ay be removed w ith  an o rd inary  screw  jack , as 
shown in F igure 2A 2-7, and  im m ediately w rapped  
in cheesecloth and coated w ith  paraffin to  re ta in  
the m oisture of the  m ateria l in place. A 4-inch 
sample obtained from  a core b arre l of the above 
type is shown in F igure  2A 2-4. This type of sam ­
pler is not adapted  fo r recovery in noncohesive m a­
terials in open packing.

b. Split-Barrel Samplers (R ef. 14). A some­
w h at more versatile  sam pler, know n as the  split- 
barre l sam pler, is il lu s tra ted  in F igure 2A 2-8. I t  
can be used w ith  or w ith o u t flap valve, a fe a tu re  
th a t  perm its w ide use of th is sam pler. W hen 
sampling clay or o ther plastic  form ations, the valve 
is not used; b u t in m ateria ls in w hich there  is little  
cohesion, the valve is essential to  p rev en t the 
sample from  falling  o u t w hile the sam pler is being 
removed from  the  hole.

The sam pler consists of th ree  m ain p a r ts— b a r ­
rel, head, and shoe. The b a rre l is split lengthw ise 
so th a t it  can be tak en  a p a r t and the sample re ­
moved w ith  a m inim um  of d istu rbance. The head 
has a female rod connection in the top and is 
equipped w ith  a ball check valve fo r passage of a ir  
and w ater. The shoe is beveled to  fac ilita te  d riv ing  
and is hardened to  increase ruggedness. S tan dard  
sizes are l */2 to  3 inches ID .

The M aine-type sam pler (F igu re  2A 2-9) is qu ite  
sim ilar to  the sp lit-b arre l sam pler. The head and 
connection are som ew hat d ifferen t and the s tan d ard  
sizes are la rger in the Maine type, ru n n in g  from  
3 V2 to 5 inches. T w o types of flapper valves can be 
furn ished w ith  th is sam pler, a single flap valve or 
quadrup le  flap valve. The type of valve selected 
depends on the m ate ria l to  be tested!

c. Driving . Sam plers of the type described 
in the foregoing p arag raph s are usually  d riv en  in to  
the ground w ith  the same equ ipm ent th a t  is used to 
sink the casing. In_obtaining samples, the num ber 
of blows required  to  drive  th e  sam pler in to  the soil 
should be recorded because such records w ill be 
useful in eva lua ting  the  soil density .

d. Thin-Walled Samplers. A n extensive 
s tudy  of the problem  of u n d is tu rb ed  sam pling by 
M. G. H vorslev led to  the w ide adoption of th in - 
w alled samplers of th e  ty pe  shown in F igures 
2A2-10 and 2A 2-11. H v orslev ’s studies indicated
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SECTIONAL DERRICK 
IF DESIRED

TOOL STRING SETUP 
DRIVE CASING

DRILL LINE 
 ̂SANDLINE 
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A k

3-HP OR 5-HP ENGINE

FIGURE 2A2-6
D iagram  Sho w ing  Tools and Drilling Operations of H illm an A irp lane  Tracer Drill
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FIGURE 2A2-7
Barrel Sam pler and Press-Out Apparatus

th a t  best resu lts w ere obtained when such sam­
plers w ere pressed in to  the soil ra th e r  th an  being 
driven; and w hen th e ir  so-called area ra tio , CA, 
th a t  is, the  ra tio  of the  area of the  displaced soil 
to  the  area of the  soil sample (F igure  2A 2-12), 
was reduced to  a m inim um . The equation  is

CA Djy2 — D f2
D ? (R ef. 9)

The th in -w alled  Shelby tu be  sam pler (F igure 
2A 2-10) was developed as the re su lt of H vorslev’s

studies. (Ref. 9.) This sam pler consists of a th in - 
w alled m etal tu be  (u su a lly  s tee l), the upper end of 
w hich is a ttached  to  the  sam pler head w ith  flathead 
machine screws. A ball check valve is b u ilt in to  
the head, the fu n c tio n  of w hich  is to  perm it the 
escape of a ir  and w a te r  w hen th e  sam pler is forced 
in to the soil and to  p rev en t an  in ru sh  of w a te r  th a t  
m ay w ash the sample from  the tu be . A fte r  the  tu be  
has been pressed in to  the  g ro u n d  th e  desired dep th , 
i t  is raised from  the  hole, and  th e  th in -w alled  tube 
containing the sample is detached from  the head.

FIGURE 2A2-8
Sprague and H enw eed  Split-Barrel Sam p ler
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QUADRUPLE FLAPS SINGLE FLAP
L =  12" FOR LESS THAN 3" ID 
L =  16" FOR 3" ID OR GREATER

FIGURE 2A2-9
Sprague and Henw ood M aine-Type Sam pler I Ref. J4I

The space a t bo th  ends of the tube can be filled w ith  
paraffin, and the  tu be  capped and sealed. S tandard  
sizes are 2 to  2% inches ID . (Ref. 14.)

In  .soft clay , the m ateria l in the ground is often 
squeezed up  by the w eigh t of the overlying soil 
and clings to  th e  inside of the casing. In  soil of this 
type a s ta tio n a ry  p iston-type sam pler, illustra ted  
in F igure 2A2-11^ m ay be advantageous because it  
can be pushed dow n th ro u g h  the casing and soft 
clay cling ing to  it  to  th e  elevation w here the sam­
ple is to  be tak en  w ith o u t the entrance of the dis­
tu rb ed  m ate ria l in to  the sampler. This sampler 
consists of a th in -w alled  tube, a close-fitting piston 
operated  by a separate  piston rod, and a sampler 
head w ith  spring  and piston rod check. The head 
is equipped w ith  vents to  perm it the escape of a ir 
or w a te r  d u rin g  sam pling operations. The separate 
piston rod extends all the w ay to  the surface, 
w here it  is clam ped in place. (Ref. 14.)

In  re g u la r  operation , the piston is clamped 
flush w ith  th e  c u ttin g  edge of the tube while the

sam pler is low ered in to  the drillhole to  the desired 
sam pling depth . W hen the depth a t w hich a sample 
is desired is reached, the piston rod clam p is re ­
m oved from  the d rill rod and the piston is then 
clam ped to  the casing a t  the surface. The piston is 
held a t constan t elevation while the sam pler tube is 
forced past i t  in to  the soil. (Ref. 14.)

W hen the sam pler is removed from  the hole, the 
piston rod is held in place by the check in the head 
of the sam pler; this preven ts the piston of the sam ­
pler from  being low ered in to  the tu be  again by 
any means except rem oving the sam pler and m anu­
ally rem oving the check from  the head. (Ref. 14.)

The sta tion ary  p iston-type sampler is designed 
fo r use in silt or clay free from  obstructions and 
contain ing little  or no g ran u la r  m aterial. I t  m ust 
alw ays be jacked or forced into the ground  under 
steady pressure (F igure 2A 2-13). I t  should never 
be driven in to  the g round  w ith  a drop w eight.

A fte r  the sam pler has been removed from  the 
hole, the tu b e  is detached from  the head by remov-

FIGURE 2A2-10
Thin-Walled Shelby Tube Sam pler I Ref. 141
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ing the fou r screws in the top of the tube. In  order 
to  preven t any vacuum  being caused by the w ith ­
d raw al of the piston from  the top of th e  tube, 
a few  backw ard  tu rn s  of the piston rod will 
adm it a ir and th us p reven t the vacuum  th a t w ould 
otherw ise d is to rt the sample. The space on both 
ends of the sample can be filled w ith  paraffin, the 
tu be  capped and sealed, and then  sent to  the labora­
to ry . S tandard  tubes are approxim ately  30 in. 
long and from  2 to  2.8 in. ID . (R ef. 14.)

8. CALIFORNIA-TY PE WELLS. In  securing 
d ry  samples of re latively  large diam eter, casing 
la rger than is p rac tica l to drive by the m ethod 
described in par. 6 of 2A2.03 is sometimes required . 
As mentioned previously, large drilling  machines 
can sink casing 16 inches in diam eter, b u t casing 
of this size, w hich m ust be heavy enough to  drive 
and pu ll successfully, is extrem ely cumbersome 
and difficult to  handle. The w eigh t and aw k w ard ­
ness of the w renches needed to  connect and dis­
connect the casing necessitate more m anpow er than  
can usually  be justified in sam pling operations. 
Therefore, w hen large-d iam eter casing is required , 
it  is recommended th a t  consideration be given to

FIGURE 2A2-12
Illustration of Term Area  Ratio of Sam pler  

I  Ret. 91

using com paratively lig h t stovepipe casing th a t, 
a f te r  being sunk, is no t recovered. Such casing, 
usually  from  10 to  3Ô inches in diam eter, is pulled 
into the ground by hy d rau lic  jacks instead of being 
driven. The casing is s tan d ard  4-foot sections and 
is usually  10 to  12 gage. The sections are sized to  
fit in to  each o ther by one h a lf  of the leng th  of the 
section so th a t  the assembled casing is 2-ply and, if  
necessary, 3-ply thickness. In  assembling the  s trin g  
of casing, the first section is fitted  in to a s ta r te r  
section, w hich is m uch heavier and several times 
as long as a section of casing. A drive shoe w ith  a 
hard-faced  c u ttin g  edge p ro tec ts the low er end of 
the s ta r te r  section.

H ydrau lic  jacks used to  sink the casing are the 
type shown in F igure 2A 2-14. I t. is custom ary to  
place the jacks in pairs, b u t, if  the casing is very  
large or the need of very  high pressure is foreseen 
because of the know ledge of th e  g round , fo u r  jacks 
m ay be used. T he m axim um  w ork ing  pressure 
recommended on jacks of th is type is 2,000 psi. 
(Ref. 15.)

P rep ara to ry  to  sinking, an excavation  is m ade in 
which anchor tim bers are placed. A nchor bolts are 
fastened to  the anchor tim bers and the low er ends 
of the jacks are a ttach ed  to  them . The jacks are 
then placed in a v e rtica l position u n til the w a te r  or 
oil pipes have been a ttached  and  b ro u g h t above the 
surface. Then th e  hole is filled w ith  d ir t , except 
around the casing w here enough room is le ft to 
center and plum b the  casing before the sinking 
operations. (R ef. 15.)

A pum p is m ounted on one side of the drilling  
rig  and controlled from  the d rillin g  position. Lines 
are connected so th a t  pressure m ay be exerted  a t 
separate times above and below the pistons of the 
jacks. E ither end of the jacks m ay be exhausted
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back to  the  storage ta n k  while the other end is 
un der pressure. (R ef. 15.)

To p repare  fo r  sinking, the well cap is m ounted 
a t the top of the casing and the clevises on the 
jacks are hooked over the well cap ears. Pressure 
is applied above the jack s’ pistons, and the casing 
is pulled in to  the  g rou nd . A fte r the s ta r te r  section 
and len g th  of casing have been sunk to  the lim it of 
the piston stroke, a new  section of casing is placed. 
Its low er h a lf  should be sharply pinged in one or 
tw o places w ith  a cen ter punch or sim ilar tool to 
p rovide a slight projection th a t w ill p ro tec t 
against p a r tin g  of the  casing sections if  soft ground 
is encoun tered . The action of the pistons is then 
reversed and the clevises b rou gh t back to th e ir 
s ta r tin g  position. T he m ateria l w ith in  the section

of casing th a t  has been sunk is then  removed, as 
describëd in par. 6 of 2A2.03. The well cap is 
m ounted on the new section, the clevises are hooked 
over the cap ears, and the sinking operations are 
repeated.

I t  is obvious th a t  the jack ing m ethod described 
above is advantageous when tak in g  samples by 
th in -w alled  samplers of the type described in par. 
7d of 2A2.03. In  such cases the jacks w ould be 
used to  pu ll the d rill stem, to w hich the sam pler 
is a ttached , in to the ground  in the same m anner 
as casing is sunk.

9. RO TARY CORE DRILLS. I f  solid or ledge 
rock is encountered in any boring, the rock should 
be cored to  a dep th  of no t less th an  5 feet.

R o ta ry  or revolving core drills are used to pene-
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tr a te  and tak e  core samples from  rock. They are 
excellent fo r exp lo rato ry  drilling, foundation test 
drilling , and g ro u t hole drilling for bridges and 
other heavy s tru c tu re s , p a rticu la rly  when the rock 
is seamless. W hen there  are horizontal cleavages 
present in the rock, continuous cores are often 
difficult to  ob ta in ; special types of core barrels are 
available, how ever, th a t  assure fa irly  good recov­
ery  even in broken s tra ta . R o tary  core drills can 
not be used w ith  success in gravel, loosely packed 
sand, loose boulders, and most types of clay, 
w hether thaw ed or frozen, because the loose form a­
tions w ill im m ediately close up the borehole on

Section 3.
2A3.0I GENERAL

The d u ra tio n  and am ount of snow cover in the 
Cold Regions depend on the disciplines existent 
w ith in  the area. Snow is extrem ely im portan t to 
most co ld-w eather engineering operations; a l­
though  it com plicates m any such undertak ings, it  
also is a definite necessity to others. A t large in­
stallations a m ajor m aintenance problem is often 
created  by the necessity for snow removal and 
storage, and there  m ay be freq uen t disruptions to 
tran sp o rta tio n  and o ther operations by snowslides 
or d r if tin g  snow. Good judgm ent in site selection 
and proper design and protection  of exposed operat­
ing areas can accomplish m uch in reducing the 
im portance of such hazards. In general, the advan­
tages of a snow cover f a r  outw eigh its disad­
vantages. By sm oothing surface irregularities and 
by covering m arshes and lakes, it  affords a ready 
means of tran sp o rta tio n  over areas th a t are o ther­
wise inaccessible. Snow itself constitutes a build­
ing m ateria l of excellent insulation value th a t can 
be u tilized  in construc tion  of tem porary  shelters 
and em ergency or seasonal airstrips. Such facilities, 
if properly  con struc ted , w ill give satisfactory  
service w ith  a m inim um  of m aintenance. Melted 
snow furn ishes a ready  source of w ate r for 
em ergency needs and can often fulfill the to ta l 
seasonal requirem ents of small operations.

Snow crete, snow rem oval, protection from  d r if t­
ing snow, and snow com paction are discussed in 
par. 5b of 2A 9.01, pa r. 1, 2, and 3 of 4C2.03, and 
Sections 3B1 and 3D l respectively.
2A3.02 PRECIPITATION OF SNOW COVER

W ater vapor rising in to  the atm osphere is tran s­

w ith d raw a l of the drilling  tool. They have given 
excellent resu lts in perm anently  frozen bedrock.

V ery sa tisfacto ry  cores of frozen silt and 
sand, w ith  a diam eter of about 6 inches, have 
been obtained by the US Arm y Engineers w ith  
ro ta ry  drills equipped w ith  a saw -toothed cu tte r . 
W hen the equipm ent was used in frozen sand 
and gravel, difficulties w ere encountered. The 
o u te r  layer of the core m elted on account of the 
heat developed by the ro ta tin g  tool and the core 
slipped ou t of the barre l. B etter results were 
obtained w hen the wash w ate r was mixed w ith  
alcohol and cooled to about 32° F. (Ref. 8.)

SN O W
form ed in to ice crystals when it passes th ro ug h  
zones of freezing tem pera tu re . For this reason, 
high clouds usually  consist of infinitesimal ice 
crystals ra th e r  th an  fog, as is the case w ith  those 
closer to the e a r th ’s surface. These very fine 
crystals float in the upper atm osphere for long 
periods before g radu ally  sinking to  earth . D u ring  
th e ir descent they may pass th ro ug h  a w arm er 
s tra tu m  of a ir and dissolve into fog, or fu r th e r  
c rysta lliza tion  m ay occur, resu lting  in the form a­
tion of snow. The tem p era tu re  of the atm osphere 
layer ad jacen t to the surface  of the ea rth , th ere­
fore, determ ines w hether m oisture is precip itated  
in liquid form  as ra in  or in solid form  as snow. In 
some cases, drops of w a te r  freeze in m idair and fa ll 
as hail, or liquid and solid form s can fa ll together 
constitu ting  a mixed type. (Ref. 16.)

2A3.03 TYPES OF SNOW PRECIPITATION
Snow cover m ay consist of a num ber of form s of 

p recip itation , both liquid and solid. The general 
types of solid p recip itation  m aking up the snow 
cover are classified by one source (Ref. 16) as:

( 1 ) Snow— precip itation  in the form  of snow­
flakes, w hich are crystals of ice having various 
form s. (See Figure 2A 3-1.)

(2) G ran u la r  snow— opaque, w hite grains 1.0 
to  5.0 mm (0.04 to 0.20 in .) in diam eter, having a 
s tru c tu re  sim ilar to snow. This m aterial is very 
frangib le, readily  compressible, and usually  falls 
a t tem peratu res close to 0° C (32° F ), most f re ­
qu en tly  before or sim ultaneous w ith  ord inary  
snow.

(3 ) Soft hail— tran slu cen t, round, sometimes 
conical grains th a t  are 2.0 to  5.0 mm (0.08 to 0.20
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in .) in  d iam eter. These grains are only slightly 
fran g ib le  and  compressible, and when falling on a 
h a rd  su rf  ace they  dp no t b reak  apart. They usually 
fa ll a t  tem p era tu res close to 0° C (32° F ), often 
sim ultaneous w ith  ra in , and m ay consist of grains 
of g ra n u la r  snow covered w ith  a th in  layer of ice.

(4 ) G rains of ice— h ard , tran sp aren t grains, 
1.0 to  4.0 mm (0 .04 to  0.16 in .) in diam eter, 
form ed w hen drops of ra in  fa ll th rough  a cold 
layer near . the su rface  of the ea rth  and freeze. 
W hen these particles fa ll on a h a rd  surface they 
bounce high b u t  do no t b reak apart.

(3 ) Grièsel— grains th a t  are less th an  1 mm 
(0.04 in .) in  d iam eter, sim ilar to  g ran u la r  snow, 
th a t  u su ally  p rec ip ita te  from  fog and occur in 
small quan tities. W hen they  strike a hard  surface 
they  neither bounce no r break.

(6) Ice needles— tin y  ice crystals in the shape 
of needles or flakes, w hich are seemingly suspended 
in m idair. They are m ost clearly visible when 
shining in  the  sun lig h t and may be the cause of 
vertica l lum inescent colum ns and sim ilar optical 
illusions. This fo rm  of precip itation  occurs most 
freq u en tly  d u rin g  stable w in ter w eather under 
conditions of extrem e cold. ;

(7 ) Sleet— precip ita tion  in the form  of m elt­
ing snow, or snow and  ra in  occurring  sim ultane­
ously.

( 8 ) Rime-—ice crysta ls precip itated  from  moist 
a ir  on supercooled surfaces, usually  occurring a t 
n igh t w hen th e  sky is clear and cloudless and 
w hen th ere  is a high degree of heat radiation  from  
the surface  in question. Rime freq uen tly  occurs on 
snowy surfaces.

(9 ) H o ar fro s t— ice crystals th a t are usually 
form ed in  foggy w ea th er when the tem pératu re  is 
below freezing. H o ar fro st m ay be observed o n ' 
vertica l surfaces, th in  branches and wires, and the 
points and corners of buildings. I t  m ay also be 
form ed from  d rizz ling  fog or supercooled drizzle, 
in w hich case i t  has a s tru c tu re  sim ilar to  soft hail.

(10) G lazed fro s t— tran sp a ren t layers of ice 
form ed on v e rtica l o r horizontal surfaces in the 
presence of ho ar fro s t o r supercooled rain.
2A3.04 MAJOR FACTORS DETERMINING 

STRUCTURE AND PROPERTIES OF 
SNOW COVER

The m any form s of precip ita tion  th a t constitu te  
the snow cover, and the  changes th a t occur because 
of local fac to rs , g rea tly  com plicate the study  of its

properties and create  difficulties in developing a 
system of classification. In  general, the s tru c tu ra l, 
physical, and m echanical properties of snow cover 
are the resu lt of the follow ing fundam ental condi­
tions (R ef. 16).

(1 ) M eteorological environm ent a t the time 
the snow was form ed.

(2) Degree of deform ation of the snowflakes 
while falling .

( 3 ) Changes in the snow cover resu lting  from  
precip itation  of rim e and hoar frost and from  
evaporation.

(4 ) Increasing density of th e s n o w  cover 
caused by force of g rav ity , thaw ing  of the snow 
followed by subsequent freezing, recrysta lliza­
tion of snow and firnification, and mechanical 
effects of w ind and snowstorm s.

(5 ) Changes in the snow caused by subse­
qu en t liquid precip itation .

(6 ) Foreign m a tte r  in the snow cover (m in­
eral particles and sim ilar m ate ria l) .

(7 ) N a tu re  of the surface beneath the snow,
its behavior u n d e r snow cover (freezing, for 
exam ple), and the tem p era tu re  regime w ith in  
the snow cover. •:&

2A3.05 PHYSICAL AND MECHANICAL 
PROPERTIES OF SNOW COVER

1. GENERAL. As previously mentioned, the 
physical and m echanical properties of snow cover 
are usually  the resu lt of a com bination of actions.

L An evaluation  of any of them , therefore, in term s 
of a single variab le  is m ainly of scientific in terest 
and w ould have only an ind irect bearing, if any, 
w hen considered fo r its engineering uses. Also, 
w hen snow cover is u tilized  fo r engineering opera­
tions, the properties of in-place, snow cover are 
either modified or com pletely changed by some 
artificial means to  m eet certa in  requirem ents satis­
fac to rily . In  th is p a rag rap h , consideration, is given 
to  the engineering perform ance th a t  can be ex­
pected from  snow having certa in  properties as 
indicated.

2. DEN SITY. D ensity of snow is the ra tio  of 
the iquantity of w a te r  th a t  can be derived from  a 
given mass of snow to  the in itia l volume of the 
snow. This is one of the most im p ortan t physical 
and  m echanical properties of snow because all the 
o ther properties are re la ted  to  it. Snow density is 
also an im p ortan t index to  the possible u tiliza tion  
of snow w ith  respect to tran sp o rta tio n  and con-
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struction . D ensity  of show cover varies from  0.01 
to  0.7 g /c u  cm (0.6 to  43.0 lb /c ii  f t )  depending 
on m any factors. A general classification th a t 
describes the snow covering in general term s w ith  
respect to density is given in  Table 2A3-1 (adapted 
from  Ref. 16).

TABLE 2A3-1
Density of Sn o w  C over

S n o w  cover
D e n sity

G /c u  cm L b /c u  ft

V e ry  loose  
L o o se "  
M e d iu m .  
D e n se  
V e ry  den se

0.01 to 0.1 
0.1 to 0.25 
0.25 to 0.35  
0.35 to 0.45 

ove r 0.45

0.6 to 6.3 
6.3 to 15.7 

15.7 to 22.0 
22.0 to 28.4 

ove r 28.4

Table 2A3-2 (adap ted  from  Ref. 17) shows 
thickness and density requirem ents of snow covers 
subjected to  vary ing  traffic conditions. O ther 
sources give density requirem ents a t 0.32 to 0.35 
g /c u  cm (20 to  22 lb /c u  f t )  fo r pedestrian  traffic 
and 0.5 to 0.6 g /c u  cm (31 to  37 lb /c u  f t )  for 
tru c k  traffic. The supporting  pow er as related  to 
density values applies only a t tem peratu res below 
32° F because the supporting  pow er of snow above 
th a t tem p era tu re  m ay be changed g rea tly  by mois­
tu re  conten t while the changes in density are 
negligible. (R ef. 16.)

3. HARDNESS. H ardness or supporting  pow er 
of snow is a m easure of the cohesive bond form ed 
between the snow crystals. A lthough hardness is 
affected by m any variables, i t  is caused p rim arily  
by aging. This te rm  covers the com plex processes 
th a t take place over a period of tim e and resu lt in 
the developm ent of a new , large, g ra n u la r  or 
crystalline s tru c tu re . H ardness values, as d e te r­
mined from  tests on snow cover ca rry in g  different 
types of traffic, are shown in T able 2A3-2. I t  can 
only be assumed th a t  sa tisfac to ry  trafficab ility  
existed in these areas. F igure 2A3-2 shows the 
relationship of hardness versus dep th  of p en e tra ­
tion fo r different vehicles. (R ef. 16, 17.)

4. SHEAR ST R E N G T H , CO H ESIO N , A N D  
TENSILE STREN G TH . The reported  values of 
these properties show a w ide varia tion  th a t  can not 
readily be explained. These properties depend on a 
num ber of variables (p ar. 2A 3.04), b u t the values 
obtained fo r these variations also differ g rea tly  
between observers so th a t  no precise relationship 
has been established.

Snow is an unstab le  m ate ria l; the variations in 
some physical and m echanical properties have been 
mentioned previously. Shear s tren g th  values v a ry  
35 percent or more, f lu c tu a tin g  around  7 psi a t 
density of 25 lb /c u  f t .  (See T able 2A 3-3, adap ted  
from  Ref. 18.) Shear fa ilu res m ay be influenced 
p a rticu la rly  by surface  cohesion betw een crystals,

TABLE 2A3-2
Test Data Show ing  Variation of Hardness in Relation to Depth of Sn o w  

Surfacing  Various Types of Roads

T yp e  of T h ic k n e s s V o lu m e W e igh t D e n s ity H a rd n e ss

traffic
C m in. C u  cm Cu in. G Lb G /c u  cm L b /c u  ft K g / s q  cm L b / s q  in.

A ü to  on ly 38 15 1,860 113 1,163 2.56 0.625 39.1 14.0 19.9
H orsed  rawn 35 13.6 1,710 104 800 1.76 0.467 29.3 7.0 9.95
P ed estr ian  on ly 41 16.1 , 2,010 122 925 2.04 0.462 28.9 4.6 6.55
C ru st  of sn o w

(u p p e r  s tra tu m ) 6 2.4 294 18 135 0.30 0.458 28.9 4.2 5.96
. Entire  depth  of sn o w 43 16.9 2,105 217 512 1.13 0,243 15.2 2.2 3.13

Depth w here  h a rd n e ss  w a s  m e a su re d , cm

0 5 10 . 15 A v e ra g e

K g / s q  cm Psi K g / s q  cm P si K g / s q  cm Psi K g / s q  cm P si K g / s q  cm P si

M ix e d  traffic 15.0 213 15.0 213 12.1 172 10.3 146 14.0 199
H orsed  raw n 15.1 214 6.0 . 85.2 5.1 71.0 1.3 18.5 7.0 99.4
Ped estr ian  on ly . 11.2 159 4.0 56.8 1-5 21.3 1.5 21.3 4.6 65.4
C ru st  o f '

u n d is tu rb ed  sn o w 6.8 96.5 1.6 22.7 0.3 4.3 0.3 4.3 2.2 31.2
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___________ ____________ HARDNESS, PSI_________________

FIGURE 2A3-2
Relation of Hardness to Depth of Penetration 

for Wheeled Vehicles

by the presence of ice fusion bonds between the 
crystals, and by c ry sta l size.

Cohesion or shear s treng th  a t zero load depends 
on c rysta l s tru c tu re  and g row th  and in te rc ry sta l­
line bonding th a t  resu lts from  the factors men­
tioned in par. 2A3.04. Cohesion values increase 
w ith  tim e (T able 2A 3-4) and also w ith  decreasing 
tem peratu res. The resu lts of these factors and 
others previously m entioned give snow a s tru c tu re  
th a t  a t low tem p era tu res is similar to th a t of a 
cinder block. Snow in this condition lends itself 
readily  to the construction  of tem porary  snow 
shelters. (See par. 2E2.05.)

Cohesive s tren g th  of snow is also increased w ith

application and subsequent removal of load. This 
is due to deform ation and change in crystal s tru c ­
tu re , which results in im proved crystalline bond­
ing.

Tensile streng th  values of snow, as m easured by 
using a cen trifu g a l ap p ara tu s , are shown in Table 
2A3-3. The variations in these results are p rob­
ably due to the inhomogeneity of the snow and the 
small size of the ind iv idual samples. (Ref. 18.)

The compressive streng th  of snow usually  in ­
creases w ith  age and is a function  of its charac ter, 
tem p era tu re , density, cohesion, and the in te r­
crystalline bond existing between its particles. I t  
is believed th a t the u ltim ate  compressive streng th  
m ay approach th a t of ice as the density of snow 
approaches the density of ice.

5. H EA T CO N D U C TIV ITY  OF SNOW. Snow 
cover, w hich is composed of a large am ount of a ir 
voids, has a very  low heat cpnductiv ity . The re ­
sults of this fa c t are (a) a com paratively shallow 
freezing of the underly ing  soil, especially, w here 
heavy snow fall or d rif tin g  snow occurs; (b ) a 
m ethod of regu la tin g  the depth of freezing by 
vary ing  snow cover dep th ; (c) a means of surv ival 
against cold by bu ilding snow shelters or snow- 
houses; and (d ) m arked reduction  in the develop^ 
m ent of lake and river ice. One source reports a 
reduction  in ice form ation of 40 mm (1.57 in .) 
un der a snow covering of 5 mm (0.20 in .) , w hich 
results in a to ta l freezing thickness of only 16 mm 
(0.63 in .) over a 24-hr period. In general, heat 
conductiv ity  is a function  of snow density. Ref. 
17 gives this relationship as k  = 0 .0067d2, w here d

TABLE 2A3-3
Tensile and  Shear Strengths of Sno w  at Zero N orm al Load I University of M innesota  I

T e st
n u m b e r

D e n sity P e rm eab ility T e n s ile  strength , T S h e a r  strength , S

7S k g / c u  m L b /c u  ft C m /s e c In . / s e c K g / s q  m Psi K g / s q  m P si

1 • 408 25.5 71 27.9 0.32 4.5
2 408 25.5 90 35.4 0.94 13.4
3 422 26.4 72 28.4 0.39 5.5
4 406 25.3 72 28.4 0.50 7.1
5 408 25.5 91 35.8 0.36 5.1

6 396 24.7 94 37.0 0.55 7.8
7 432 26.9 75 29.5 0.60 8.5
8 434 27.1 55 21.7 0.72 10.2
9 418 26.1 81 31.9 0.87 12.3

10 384 24.0 112 44.1 0.58 8.2

11 456 28.5 66 26.0 0.61 8.7
12 394 24.6 79 31.1 . 0.37 5.2

A v e ra g e 0.59 8.4 0.50 7.1
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TABLE 2A3-4
Variation of Cohesion W ith A g e

T e st
se rie s

D e n sity P e rm eab ility
A g e  in 

d a y s

C o h e sion  (c )

K g /c u  m L b /c u  ft C m /s e c In . / s e c K g / s q  m Psi

1 142 8.86 70 27.6 'A 1.0 0.14
2 151 9:42 72 28.4 1 1.7 0.24
3 151 9.42 70 27.6 3 1.9 0.27
4 150 8.86 72 28.4 7 3.3 0.47

is the density in  the m etric system and k  is the 
calories/sq cm /sec /cm . From this fo rm u la , Table 
2A3-5 (adapted  from  Ref. 16) was com puted for 
various snow densities. Conversion to the English 
system was made fo r convenience of use.

6. SOLAR R A D IA T IO N . Because of the p a r­
tia l transparency  of snow, there  m ay exist an 
effective heat source below the snow surface. 
U nder equilibrium  conditions the tem pera tu re  
below the surface of the snow cover m ay be grea ter 
th an  a t the surface. Consequently, m elting may 
occur w ith in  the snow cover w hen the a ir tem pera­
tu re  and ground tem p era tu re  are both below 
freezing. This effect has been observed a t air 
tem peratures as low as —4° F. (Ref. 18.)

7. SLIPPERINESS A N D  MOBILITY. The slip­
periness of snow and ice depends on a large num ber 
of factors. I t  results from  the fa c t th a t  the force 
needed to  overcome resistance to  m otion is tran s­
form ed into heat, and this has the effect of w arm ­
ing the ice or snow beneath the ru n n e r or ski to 
the freezing point and then  m elting a little  of it. 
The w a te r  resu lting  from  this m elting is the lu b ri­
c an t th a t  increases the slipperiness. A t halts, the

TABLE 2A3-5
Thermal Conductiv ity  Values of Sno w

D e n sity k  =  B t u / s q  f t /h r / in .

0.05 0.048
0.10 0.193
0.15 0.440
0.20 0.782
0.25 1.23

0.30 1.77
0.35 2.41
0.40 3.14
0.45 3.98
0.50 4.94

0.90 18.5

lu b rican t again freezes and the runn ers  freeze to 
the snow or ice. (R ef. 16.)

Loose snow offers g rea te r  resistance to  m otion 
over its surface th a n  dense snow. Soft snow, w hich 
occurs a t higher tem p era tu res, is sticky and in ­
creases resistance to  m otion over its surface. Tests 
indicate th a t the g rea test resistance occurs a t 
1.5° C (34.7° F ). As the tem p era tu re  decreases, 
the snow becomes h a rd e r and resistance decreases. 
The w id th  of ru n n e r  or ski, because i t  determ ines 
the u n it load, affects the degree of stickiness. N a r ­
row  skis, therefore, are p re fe rred  w hen tem p era­
tu res are high. (R ef. 16.)

8. ADFREEZE. A dfreeze, or adhesion of frozen 
soil to objects w ith  w hich it is in con tac t, is dis­
cussed in par. 2 of 2A9.02. The phenomenon of 
adfreeze is an im p o rtan t consideration in  tra n s ­
porta tion  over snow and ice, fo r upon its in tensity  
w ill depend the effort requ ired  to  move a vehicle 
a f te r  a halt. Snow im m ediately beneath a ru n n e r 
melts while the ru n n e r  is a t  rest and freezes to  the 
snow layer below it. The in ten sity  of adfreeze de­
pends on the leng th  of the pause betw een m ove­
m ents, the heat con du c tiv ity  of the m ateria l, the 
contact surface, the sta te  of the  snow or ice, and 
the am bient tem p era tu re . Since wood is a poorer 
therm al conducto r th an  m etal, wooden runn ers  
adfreeze more readily  th an  m etal. F ine-grained 
woods adfreeze more readily  th an  course-grained 
woods. Rough, unpolished surfaces adfreeze more 
readily than  polished surfaces. Because of adfreez- 
ing, the coefficient of stress a t the beginning of 
motion m ay be up  to  16 times as g rea t as d u rin g  
fu r th e r  m ovement. O n a snow road , the ra tio  w ill 
be 7 -8 :1 , and on an  ice road , 3—5:1. T hus, i t  takes 
several times as g rea t an effort to  move a sledge 
from  its place of rest th an  to  keep it  in m otion 
(Table 2A 3-6). To budge a sled from  a dead stop, 
a m axim um  ra tio  of m otive force to  w eight of 0.3 
is required . N . A. Pavlov has conducted  experi­
m ents th a t resu lted  in determ in ing  the m agn itude 
of the coefficient of ad freezing  and m otion and also 
the ra tio  betw een them  fo r various types of snow 
cover. (Ref. 16.)

9. FR IC T IO N  (R ef. 16 ).
a. Resistance to Slide of Sledge (or Ski) 

Transport. Resistance to  sliding m otion over snow 
depends not only on adfreeze b u t also on the fo l­
lowing factors.

( 1 ) Degree to  w hich  ru n n ers  sink in to  
the c rust. Resistance increases w ith  depth.
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TABLE 2A3-6
Coefficient of A d  freeze k, and Coefficient of Slide  k2 of Sledges, and  Ratio k2 : k,

A tm o sp h e r ic
tem p e ra tu re S ta te  of su rface  

( ru t s )

Load
k i k 2 k 2 :k i

°C °F Kg T o n s

-  5 23.0 P u re  ice 17,500 19.3 0.028 0.007 0.25
- 1 8 - 0 . 4 S n o w  over ice 17,500 19.3 0.057 0.017 0.30

2 35.6 Ice  th a w in g  in su n ligh t 40,000 44.1 0.031 0.011 0.35
- 1 0 14.0 P u re  ice 25,500 28.1 0.039 0.011 0.28

(2) D isplacem ent of the snow by the 
runners. Resistance increases w ith  the streng th  of 
adherence w ith in  the cover. The movement of 
snow partic les over each o ther increases friction.

( 3 ) Packing of snow under runners. 
Packing increases w ith  vehicle loads, higher tem ­
p era tu res, and looseness of the snow. As the 
tem p era tu re  rises, the  load m ust be reduced. 
Sledge roads resist dam age b e tte r when tem pera­
tu res  are  low.

(4 ) F riction  betw een the surface of the 
snow and the vehicle runners. This depends on the 
am bient tem p era tu res, on the shape, quality , and 
m ateria l of th e  ru n n ers , and on the sta te  of the 
snow cover. The coefficient of fric tion  of wooden 
runn ers  a t m edium  tem peratu res, according to 
Sobennikov, is as follow s: 0.125 on freshly fallen 
snow, 0.033 on a clean, little-used road, 0.016 on a 
well-sm oothed road , and 0.012 on ice.

The fric tio n  of iron runners is less th an  half of 
the above. W ood ru n n ers  are often  doused w ith  
w a te r  and  allow ed to  freeze to reduce their co­
efficient of fric tio n . F riction  increases w ith  declin­
ing  tem p era tu re , b u t i t  increases w hen the snow 
is w et.

b. Resistance to Motion of Wheeled Traffic. 
The coefficient of resistance to  the motion of 
wheeled traffic differs g rea tly  from  the coefficient 
of fric tio n  of sliding sledges. (See Table 2A3-7, 
adap ted  from  Ref. 16.) On ice and loose snow the 
coefficient of resistance to  the m otion of wheeled 
vehicles is alm ost ten  times as g rea t as the co­
efficient of fric tio n  of sledges. The relationship 
changes if  the snow is very  d irty , in which case 
wheeled vehicles m eet a fric tio n  resistance th a t is 
little  m ore th a n  h a lf  th a t  faced by sledges.

A ccording to  Kishinskii, the coefficient of re ­
sistance to  m otion o f pn eum atic-tired  wheeled 
vehicles on a good, solid snow road is 0.02 to 0.03, 
w hich is h a rd ly  differen t from  th a t  on a good

highw ay. On the same type of snow road the 
coefficient fo r ca te rp illa r trac to rs  is 0.05 to 0.1, 
and fo r wheeled tra c to rs , 0.1 to  0.4.

W hen m oving over a snow road, automobile 
wheels have a m uch low er coefficient of grip th an  
w hen passing over the same road in summer.

A wheeled tra c to r  has a coefficient of grip of 0.2 
to  0.5 on a snow road. T h a t of a ca terp illa r tra c to r  
depends on the degree to  w hich the snow has been 
packed dow n and also on the distance between the 
ribs of the track s  and the force exerted on them .

A ca te rp illa r tra c to r  has a m uch higher coeffi­
cient of grip  th an  a wheeled tra c to r. The highest 
has been recorded by a tra c k  having 8 lugs a t a dis­
tance of 19.5 cm (7.7 in .) from  each other.

The lugs (grousers) of ca terp illa r trac to rs  
rap id ly  ru in  the su rface  of snow roads, and the 
loose snow thus form ed fills the spaces betw een 
the lugs, causing co n tac t and adhesion to grow  
worse rapid ly.

Ice roads show a very  low coefficient of grip and 
are rap id ly  broken up  by the lugs of ca terp illa r 
track s, w hich makes the roads most unsuitable for 
tra c to r  use. The high slipperiness of ice and iced 
snow roads is extrem ely  dangerous to both w agon 
and tru c k  traffic. Sledges and machines slip side- 
ways, get ou t of con tro l, and hold up  traffic. This 
makes i t  necessary to  tak e  various measures to 
reduce slipperiness, such as spreading sand, slag, 
ashes, or various an tig laze  m ix tures (CaCl or N aC l 
w ith  sand ). Spreading devices a ttached  to vehicles 
or special spreading machines are used fo r this 
purpose. Grades perfec tly  permissible in sum m er 
become impassable in w in te r  because of slipperiness.

10. TESTS. As noted in previous paragraphs, 
snow density  and hardness or supporting pow er are 
the m ost im p o rtan t properties of snow from  the 
standpoin t of tran sp o rta tio n  and construction . I t  
is im p ortan t, therefore , to  be able to  m ake accu rate  
field determ inations of these properties.
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TABLE 2A3-7
Com parative  Data oh Coefficient of Friction of W heeled Vehicles and Sledges

S ta te  of su rface
T e m p e ra tu re

Coeffic ient of resistance  
to m otion P e rm is s ib le  load

R e m a rk s

°c °F S le d g e s V e h ic le s K g / s q  cm P si

Ice or icy road 4 39.2 or le ss 0.008-0.01 0.05-0.08 0.3—0.4 4 .3 -5 J Coeffic ient of fric tion
Ro lled  sn o w  road  

N ative  sn o w  road,

4 39.2 or le ss 0.012-0.018 0.08-0.1 0.3 4.3 p e rta in s to u n d e rsu rfa c e  
of sm o o th  stee l sk i.

s ligh t ly  loose 4 39.2 or le ss 0.02 -0 .02 5 0.3 -0 .2 5 4.3—3.5 Coeffic ient of ro llin g  f r ic ­
Road  over loose sn o w 4 39.2 or le ss 0.025-0.05 0.2 0.1 -0 .15 1.4-2.1 tion  of ru b b er c a te rp il­
Loo se  v irg in  sn o w  

Fresh  loo se  v irg in

4 39.2 or le ss 0.03 -0 .08 0.25-0.3 0.06-0.07 0.8—1.0 la r s  or broad  b a lloon  
tires.

sn o w
M e a ly  sn o w  
V irg in  sn o w  in th aw  
V e ry  d irty  snow  road  
B are  soil, sand, stone

- 2
- 4

28.4 or le s s  
24.8 or le s s

0.1-0.15
0.15
0.2

0.2-0.3  
0.4—0.5

0.3

0.1-0.15

0.045-0.06 0.6—0.8

a. Density . D eterm inations of density 
values are made by equipm ent th a t  usually  consists 
of a cylindrical snow sam pler, a snow c u tte r  and 
m allet, and a precise balance. D etailed instructions 
on the correct use of the various types of density­
m easuring equipm ent th a t  are available are usually 
furn ished by a sponsoring organization .

b. Hardness. Field determ ination  of h a rd ­
ness is usually  m ade by m easuring the snow pene­
tra tio n  un der th e  pressure of a m etal cone. Al­
though there are some doubts as to exactly  w hat 
m echanical properties can be m easured by this 
m ethod, there seem to be definite relationships 
between penetration  readings and hardness or snow 
streng th , w hich probably  w ill perm it a correlation 
of hardness values, as obtained by such equipm ent, 
w ith  traffic perform ance. (R ef. 19.)

Figure 2A3-3 (from  Ref. 19) shows one type of 
penetrom eter th a t  has been used to  determ ine 
snow hardness values. By vary ing  the height of 
cone fa ll, a w ide range of penetra tion  m easure­
ments can be tak en  w ith  accuracy  to 0.05 in. 
Figure 2A3-4 (also from  Ref. 19) shows relation­
ships between penetra tion  depths (m easured by a 
cone having an angle of 75 deg) and hardness. If 
a 60-deg cone is used, the s tren g th  readings in the 
diagram  fo r respective penetrations should be 
m ultiplied by 1.77; if  a 90-deg cone is used, the 
m ultip lying fa c to r  is 0.59,

W ith  very  h a rd  snow, w hen the penetra tion  of 
the cone falling  dow n from  a '40-cm (15.5 in.)

height is only 1 to  3 cm (0 .4  to  1.2 in .) , the m ethod 
should be discarded because the readings are 
scattered too w idely. (R ef. 19.)

FIGURE 2A3-3
Equipment for M easuring  S n o w  H ardness  

IRef. 191
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Hardness-Penetration Relationship for Various Cone-Fall Heights , H I Ref. 191

Section 4. ICE

2A4.0I INTRODUCTION

In this Section, only those properties of ice th a t  
are of p a r tic u la r  engineering in terest in the Polar 
Regions are  discussed. M any studies of o ther prop­
erties have been m ade and reported , an excellent 
sum m ary of w hich has been given by Dorsey 
(Ref. 2 0 ). Such topics as seasonal variation  of 
ice d is tribu tio n , ice m ovem ent, b reakup  of ice in 
the sea and  on rivers, operations on icefields and 
icecaps, and  nav igation  th ro ug h  ice are not dis­
cussed in th is Section.

A lthough  ice is freq u en tly  a hindrance to  tran s­
p o rta tio n  in  th e  A rc tic  Regions, it  is more often an 
asset. In  the A rc tic  and Subarctic Regions, w here 
norm al tran sp o rta tio n  methods are very  inade­
qu ate , tra v e l across ice freq uen tly  results in 
g rea tly  shortened rou tes and reduced trav e l time. 
In  m any regions, the  tu n d ra  is all b u t impassable 
except in the  w in te r  w hen frozen. U nder such 
conditions th is is the p referred  tim e of year fo r 
m ovem ent of heavy  supplies and equipm ent (C hap­
te r  3, P a r t  B ). T he ice on frozen lakes, rivers, and 
on the  A rc tic  Ocean is also of im portance in the 
establishm ent of airbases. A ttem pts to  estim ate 
and  also to  im prove the load-supporting  capacity  
of ice have m et w ith  some success.

A ra th e r  large am ount of experim ental da ta  is 
available concerning the s tru c tu ra l properties of 
ice, b u t g rea t difficulty has been encountered in 
a ttem p ts to in te rp re t and apply these da ta . This 
problem  is discussed fu r th e r  in paragraphs 2A4.07 
and 2A4.09.
2A4.02 PHASE RELATIONSHIPS

Ice m ay exist in any one of several allotropie 
form s, depending on the am bient tem pera tu re  and 
thé pressure exerted  on the ice. These form s are 
illu s tra ted  by phase d iagram  (Figure 2A 4-1). I t  is 
indicated th a t  as tem p era tu re  decreases and the 
pressure increases from  atm ospheric up  to  approxi­
m ately 30,000 psi, w a te r  solidifies in to the common 
form , Form  I. As the tem p era tu re  is fu r th e r  low ­
ered and the pressure increased to  the 30,000- to  
31,000-psi rangé, Form  I ice may be changed to  
Form  II o r Form  III  ice. This trad itio na l period is 
represented by th e  line AB. A t 30,000 psi, Form III 
ice passes instantaneously  th ro ug h  an unstable 
Form  IV  (shaded area) in to  Form V a t tem pera­
tu re  ranges from  approxim ately — 13 0 to  2 ° F. A t 
tem p era tu re  ranges from  about —13° to  — 30° F, 
increases beyond 50,000 psi cause d irect conver­
sion of Form  II in to  Form  V ice.
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O nly the common form , Form  I, is found  under 
n a tu ra l environm ental conditions and has, conse­
quently , engineering significance. F igure 2A4-1 
and Table 2A5-2 show the decrease in the m elting 
point of Form I ice in relation to  pressure. I t  is 
this decrease in  pressure th a t  is responsible for 
regelation of ice (par. 4 of 2A 4.03).

FIGURE 2A4-1
Partial Phase D iagram  for lee I Ref. 20 J

2A4.03 SUPERCOOLING, FREEZING, MELTING, 
AND REGELATION

1. SUPERCOOLING. Even though  the norm al 
freezing point of w a te r  is 0° C (32° F ), i t  m ay be 
appreciably supercooled before freezing begins, 
p a rticu la rly  if the w a te r  is of high p u rity . In  open 
w a te r  occurring  in n a tu re , the degree of super­
cooling varies from  a few  hund red ths of a degree 
to  about —1.2° C (29.8° F ). A fte r  supercooling 
has occurred, freezing m ay be in itia ted  by seeding 
o r by such m easures as im pact or splashing. The 
ra te  a t w hich crysta lliza tion  occurs depends on the 
degree of supercooling; in slightly  supercooled 
w a te r, such as is norm ally encountered  in na tu re , 
the ra te  of c rysta lliza tion  m ay be sufficiently slow 
so th a t  supercooled w a te r  w ill coexist w ith  ice in 
qu ie t ponds or lakes fo r a m easurable period of 
tim e. In  rapid ly  m oving stream s, supercooled 
w a te r  m ay exist fo r  hours o r even days and is of 
im portance in the form ation  of u n d e rw a te r  ice 
(par. 2A 4.04).

2. FREEZING. The form ation  of ice, as a rule, 
depends on the rem oval of hea t from  the upper 
surface  by convection or rad ia tion  to  the air. (For

exceptions, see p ar. 2 A 4.04.) G enerally , the  a ir  
tem pera tu re  m ust be appreciably  below  0° C 
(32° F) fo r freezing to  o ccu r; otherw ise, the ra te  
a t which heat is supplied from  the  ea rth  and  from  
the lower layers of w a te r  w ill be g rea te r  th an  the 
ra te  of its rem oval. As h ea t is rem oved a t  the  
upper surface d u rin g  and p rio r to  the fo rm ation  of 
ice, the colder w a te r  sinks, and  w arm er, less dense 
w a te r rises; thus, convection assists in cooling the  
entire  body of w a te r. H ow ever, because w a te r  has 
its m axim um  density  a t ab o u t 4° C (39.2° F ) , the  
convection essentially ceases a f te r  this tem p era tu re  
is reached by the whole body. T h erea fte r, the  
densest, w arm est w a te r  rem ains a t  the bo ttom . As 
a consequence, the ra te  a t w hich  heat w ill be sup­
plied from  the bo ttom  w ill be m arked ly  reduced 
and the freezing a t  the  su rface  accelerated .

In Finland, a ir  has been bubb led  th ro u g h  pipes 
reaching to  near the bo ttom  of ponds. This serves 
to bring  the w arm er w a te r  to  th e  surface , p rev en t­
ing or re ta rd in g  the freezing  of the  pond surface. 
The ra te  a t w hich ice form s in q u ie t w a te r  m ay be 
calculated by using the  equation  and tab le  given 
in par. 3 of 2A8.04. I t  is assum ed th a t  the ice is 
free of snow; if  snow is p resen t on the su rface , it  
acts as an excellent in su la to r and  w ill m arkedly  
reduce the ra te  o f increase in ice thickness. I t  is 
ra th e r common prac tice  to  rem ove snow from  ice 
surfaces w here g rea te r  th ickness is desired fo r the 
support of loads. C om pacting th e  snow w ill reduce 
its insu lating  value  b u t  is no t, of course, as 
efficient as rem oval. (Ice thicknesses have also been 
increased by flooding the  su rface .)

3. M ELTING. Both w arm  a ir  and solar rad ia ­
tion are im p o rtan t fac to rs  in the  m elting of ice 
occurring  n a tu ra lly . In  the P o lar Regions, w here 
a ir tem peratu res are low , th e  solar rad ia tion  is by 
fa r  the more im p ortan t. T he rad ia tion  is absorbed 
w ith in  the ice, p a r tic u la r ly  by im purities. D u rin g  
the spring, fre sh -w a te r ice th aw s along the c rysta l 
boundaries and becomes ex trem ely  w eak w hile still 
of appreciable thickness. (See p ar. 2A4.05 and 
2A4.09.) In  sea ice the  rad ia tio n  is absorbed, p a r­
ticu la rly  in regions w here th e re  is ah  accum ulation  
of salt, causing th aw in g  to  s ta r t  a t these sites. A 
certa in  am ount o f rad ia tio n  w ill p en etra te  the ice 
and w arm  the un derly ing  w a te r , w hich th en  also 
assists in th aw ing  the  ice sheet. Because of the 
in terna l absorption of rad ia tio n  by ice, appreciable 
m elting w ill tak e  place w hen the surface  tem pera­
tu re  of the ice is still low er th a n  the freezing point.
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U n der such circum stances heat w ill continue to be 
rem oved a t  the su rface  by convection, b u t if this 
ra te  of rem oval is less th an  the ra te  of in ternal 
supply by rad ia tion , in te rn a l heating and m elting 
occur. These effects have been observed a t tem per­
a tu res  as low as —15° C (5° F) to  —20° C ( —4° 
F ). The same effects are noted in snow. Occasion­
ally th aw ing  has been accelerated by coating either 
snow o r ice w ith  soot or some other m aterial of 
high em issivity. So f a r  as is know n, no attem pts 
have been m ade to  cover snow or ice w ith  m aterials 
of low em issivity to  reduce this th aw  in the spring.

4. R EG ELA TIO N . I t  has long been know n th a t  
w hen tw o  pieces of ice a t  tem peratures near the 
m elting po in t are b ro u g h t together w ith  slight 
pressure, fusion of the tw o pieces will take place. 
This phenom enon, regelation , is a consequence of 
the fa c t th a t  increased pressure decreases the 
m elting  point of ice; w hen the tw o pieces are 
b ro u g h t together, the stress causes m elting and as 
the stress is th us relieved, the w a te r  refreezes, 
joining- the tw o  blocks together. Regelation w ill 
occur if  axes of the tw o  (or m ore) crystals are 
in any o rien ta tion  w ith  respect to each other, b u t 
the s tren g th  of th e  bond form ed is strongest when 
the crystals have the same relative orientation . 
E xam ination  of F igure  2A4-1 shows th a t a t 
tem p era tu res appreciably  below the norm al m elt­
ing po in t of ice, the  pressures required  to cause 
regelation become very  large; it  is thus a common 
occurrence only a t tem pera tu res near the m elting 
point. W hen ice is near the m elting point, regela­
tion m ay be responsible fo r  some of the plastic flow 
observed in ice. H ow ever, i t  is clearly not the only 
fac to r, fo r  such flow w ill also occur a t low er 
tem p era tu res u n d er loads th a t  are m uch too small 
to  cause m elting . (See p ar. 2A 4.07.) T hus, regela­
tion is not the exp lanation  fo r the p lasticity  of ice.

5. EFFECT OF IM PURITIES O N  M ELTING 
P O IN T . As pointed o u t in par. 3 of 2A4.03, m elt­
ing usu ally  s ta r ts  along grain  boundaries and a t 
im p u rity  sites. This is the resu lt of a decrease in 
m elting  po in t a t these sites, as well as increased 
load absorp tion  of rad ia tion . The depression of 
the freezing  po in t is trea ted  in detail in s tandard  
textbooks of physical chem istry. All substances 
th a t  dissolve in w a te r  depress the freezing point, 
and fo r d ilu te  solutions the depression is propor­
tional to  the  am ount of im purity . Figure 2A4-2 
shows the m elting  po in t fo r solutions of salt in 
w a te r.

FIGURE 2A4-2
Freezing Point of Sod ium  Chloride Solutions

6. EFFECT OF IM PURITIES IN  ICE. In  any 
body of n a tu ra l w a te r  there  w ill be some dissolved 
m inerals and o ther im purities. Sea w a te r  a t one 
extrem e is an obvious exam ple, b u t even the clear­
est n a tu ra l fre sh -w a te r body is not w ith o u t im ­
purities. W hen each ice c rysta l form s, i t  tends to 
re ject these im purities, w hich then form  a layer of 
concentra ted  im purities abou t the crystal. W hen 
adjoining crystals m eet, the im purities form  a layer 
betw een the crystals of a low er m elting point than  
the  crystals themselves. This m ay g rea tly  aflect 
the physical properties of the ice even though the 
am ount of im purities is very  small. M elting w ill 
alw ays begin a t  these boundaries between the ice 
crystals, and a t a low er tem p era tu re  th an  32° F. 
F resh-w ater ice becomes ro tten  as thaw ing , s ta r t­
ing a t the inner c rysta l boundaries, separates the 
ice in to  separate needles or columns. This ice is 
said to  be candled. As a resu lt of this crysta l 
s tru c tu re  in  bu lk , the physical properties of ice 
m ay v a ry  w idely, especially when its tem pera tu re  
is near the m elting point, depending on the am ount 
of im purities in the ice, the tem pera tu re , the age 
of the ice, and the length  of tim e th a t  near-freez­
ing tem pera tu res have persisted.

In  form ation  of sea ice, the effect of the salt 
con ten t is, of course, very  pronounced. Freezing 
of the w a te r  portions does no t begin u n til a 
tem p era tu re  of 28.6° F is reached in und ilu ted  sea 
w a te r, and the  s tru c tu re  produced is porous, con­
ta in ing  pockets of brine from  w hich solid salt 
crystals begin to  p rec ip ita te  w hen the ice cools to  
abou t 17° F. The s tru c tu re  and, consequently, the 
s tren g th  properties of sea ice im prove w ith  tim e as
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the  concentrated  brine drains and as the salinity of 
the ice becomes g radu a lly  sm aller. N ew ly  form ed 
sa lt-w ate r ice of re la tively  high salin ity  is flexible 
and elastic as com pared to  ice form ed on fresh­
w a te r  bodies (w hich is characteristica lly  b r it tle ) , 
and i t  does no t candle. S a lt-w a te r ice more than  
one year old is m uch tougher and stronger than  
young ice, b u t its surface  is m uch more likely to  be 
rough. I t  is reported  th a t  w hen old sea ice becomes 
sufficiently modified so th a t  it  approaches the com­
position of fre sh -w a te r ice, it , too, w ill exhibit a 
tendency to candle.

From Soviet d a ta , young sea icè requires about 
1% times the thickness of old sea ice to  ca rry  the 
same load, b u t this ru le  is generalized. Lake ice is 
usually  assumed to  be 2 to  3 times s tronger than  
sea ice (par. 2A 4.09), a lthough  its brittleness does 
no t perm it i t  to  s tan d  as m uch bending w ith o u t 
cracking. R iver ice is generally no t qu ite  as strong 
as lake ice.

7. TEM PERATURES D U R IN G  ICE FORMA­
T IO N . W hen ice form s very  rap id ly  a t extrem ely 
low tem peratu res, there  is less op po rtun ity  for dis­
persion of the im purities th a t  are rejected by the 
ice crystals. Y oung sea ice form ed a t  14° F has 
entrapped  abo u t 3 p a rts  per 1,000 of salt, b u t th a t 
form ed a t —40° F has 10 to  15 p a rts  per 1,000. 
Differences in  s tru c tu re  (and  consequently of 
s tren g th ) of the  ice w ould  be expected to  resu lt 
from  such differences in ac tu a l volume of included 
m a tte r  and the m anner of its inclusion. I t  m ay be 
noted th a t the more concentra ted  brine su rro u n d ­
ing the freezing crystals d u rin g  fa st freezing 
w ould  tend  to  cause form ation  of the  individual 
ice crystals a t  still low er tem pera tu res th an  in 
ord inary  sea w a te r, w ith  possible effects upon the 
ice properties.

The surface effects th a t  are present, w hen very 
finely divided soil particles are in con tac t w ith  
w ate r, m ay also cause appreciable low ering of the 
freezing point of the w a te r, especially w hen the 
am ount is small. In  this case, as w ith  salt solutions, 
the pu rest w a te r  freezes a t the highest tem pera­
tu re , increasing the sa lt or soil concentration  and 
reducing the freezing po in t of the rem aining w ate r 
so th a t there is no constan t m elting point b u t 
ra th e r  ia con tinual g radation . (See T able 2A 8-11.)

As previously noted, freezing is sometimes a 
most effective m ethod fo r  rem oving salt or other 
im purities from  w a te r. This purification  occurs 
because of the effect described above.

2A4.04 TYPES OF ICE

Depending on the circum stances u n d e r  w hich 
it  is form ed, Form  I ice m ay have som ew hat differ­
ent properties. T he effect of im purities is discussed 
in par. 6 of 2A4.03, and  the properties of sa lt­
w ate r ice in par. 2A4.06 and  2A 4.07. M easure­
m ent of ice thickness is discussëd in  p a r. 3F3.05.

1. FRAZIL À N D  A N C H O R . These tw o  form s 
of un derw ate r ice are foun d  in  rap id ly  m oving 
stream s and rivers. F raz il ice consists of sm all 
crystals or disks of ice th a t  are d is trib u ted  
th ro ug hou t a tu rb u le n t stream . These crystals 
may cluster together to  fo rm  spongelike masses. 
Anchor ice is u n d e rw a te r  ice th a t  is form ed a t  and 
firm ly a ttached  to  the  stream  bed. Both form s m ay 
be sources of difficulty in  the developm ent of 
hydroelectric pow er because the ice tends to  dam  
up and clog up g rates on w hich it form s. H eated  
grids have been used to  overcom e this troub le , and  
measures tak en  to  reduce supercooling and tu r b u ­
lence in the stream  m ay also be effective. T here 
has been some dispu te as to  the m echanism  th a t  
form s u n d erw a te r  types of ice; p robably  it is a 
consequence of supercooling, w hich m ay be slight, 
and nucléation a t sites in  the  w a te r  ( fra z il ice) 
and on the stream  bo ttom  (anchor ice). The 
tu rb u le n t supercooled stream  w a te r  is an  excellent 
m edium  fo r ca rry in g  aw ay  the  la ten t heat of 
solidification, and th u s  i t  m akes g ro w th  possible^ 
Irreg u la r  surfaces provide m ore favorab le  sites fo r  
g row th  th an  sm ooth su rfaces; therefo re , ir re g u ­
larities in the stream  bo ttom  become accen tuated , 
a fac to r tending to  cause dam m ing of th e  stream . 
There is also an extension of g ro w th  by accum ula­
tion and adhesion (caused by  regelation) of f ra z il 
ice on the anchor ice. (R ef. 18.)

2. GLACIAL. The ice of glaciers and of icecaps 
is form ed p rim arily  as a re su lt of accum ulation  
and periodic m elting  and  freezing  of snow. T he 
physical qualities m ay v a ry  m arkedly , depending 
on the age and pressure to  w hich the  ice is exposed. 
All glacial ice has an appreciable am ount of en­
trapped  air.

V ariations in density  from  21 lb /c u  f t  a t the  
surface of glaciers to  34 lb /c u  f t  a t  a dep th  of 50 
f t  have been noted.

Because of the large  am ount of a ir  en trap m en t 
and its m ethod of fo rm ation , the  s tru c tu ra l  and 
therm al properties of th is k ind  of ice differ g rea tly  
from  those of ice, form ed a t w a te r  surfaces.
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2A4.05 CRYSTALLOGRAPHY

I t  is generally  agreed th a t  w hen ice forms a t  the 
surface  of a body of w a te r  the optic axes of the 
crystals are perpend icu lar to the surface. The 
s tru c tu ra l  and th erm al properties of ice appear 
som ew hat dependent on the  orien tation  of the optic 
axes. (See p ar. 2A 4.06, 2A4.07, and 2A4.08.) As 
previously indicated , ice appears to  form  norm ally 
in  long needlelike crysta ls, the axes of. which have 
the same o rien ta tion  as the optic axes. This ex­
plains the  phenomenon of candling th a t occurs 
w hen fre sh -w a te r ice m elts (par. 6 of 2A 4.03).

2A4.06 THERMAL PROPERTIES

The th erm al p roperties of pu re  icë have been 
determ ined to  degrees of accuracy  th a t  are more 
th an  adequate  fo r  m ost engineering purposes. 
They are  sum m arized below. For ice containing 
large en trapm ents of a ir  (glacial ice) or salt (sea 
ice) the conductiv ities w ill, of course, be different. 
For glacial ice, th e  conductiv ity  m ay be appre­
ciably less; fo r  sea ice th e  conductiv ity  and dif- 
fu s iv ity  w ill also p robab ly  be less, though as fa r  as 
is know n no d a ta  are available. P robably for sea 
ice the values are sufficiently close to  those fo r 
pu re  ice so th a t  the  d a ta  given fo r the la t te r  m ay 
be used fo r  m ost purposes. For pu re  ice:

(1 ) H ea t of fusion a t  0° C (32° F) =  79.67 
c a l / g =  143.4 B tu /lb . A t low er tem peratures, 
th a t  is, m elting  u n d er pressure, the heat of fusion 
is less; fo r  exam ple, a t —5° C (23° F ) , i t  is ap ­
prox im ately  73 c a l /g .

(2 ) Specific hea t, c, a t  0° C (32° F) =  0.5057. 
For m ost engineering purposes the change in spe­
cific h ea t w ith  tem p era tu re  can be neglected. I f  
m ore accu ra te  values are  needed, the equation

c =  0.5057 +  0.00186 |

m ay be used w here  t  is th e  tem p era tu re  in °F.
(3 ) T herm al con du ctiv ity , k> a t 0° C (32° F) =

0.0050 c a l/° C /c m /s e c  =  1.21 B tu / ° F / f t / h r .  The 
th erm al co n d u c tiv ity  m ay be tak en  as constant fo r 
m ost engineering purposes. I f  m ore accu ra te  values 
are req u ired , the  equation

k  =  1.21 (1 -  0.0017*) c a l/°F /c m /se c

m ay be used w here t  is the tem pera tu re  in  °F* 
T here is evidence th a t  the conductiv ity  is some­
w h a t g rea te r  in the direction of the optic axis th an  
perpendicu lar to  i t ;  the tw o values, how ever, are 
sufficiently close so th a t  the above value and equa­
tion m ay be used fo r m ost purposes regardless of 
the d irection of the c rysta l orientation.

k(4) T herm al diffusiv ity  a  =  —. a  can be cal-
pc

cu la ted  using the d a ta  above together w ith  the 
density. The density, p, is 0.9168 g /c u  cm a t 0° C 
(32° F ) , and the increase on going to  low er tem ­
p era tu res is sufficiently slight so th a t  i t  can be 
neglected fo r m ost purposes. Thus, a t 0° C (32° F)

a =  0.0108 sq cm /sec =  0.042 sq f t / h r
(5) The coefficient of cubical expansion, (3, a t 

0° C (32° F) =  0 .0 0 0 1 6 0 /°C  =  0 .000 08 9 /°F . This 
value m ay be used fo r m ost purposes a t any tem ­
pera tu res likely to  be encountered in na tu re .
2A4.07 STRUCTURAL PROPERTIES

Ice is generally accepted to  be a plastic m ateria l 
and consequently should be described by M axwell’s 
equation

T ~ f s  =
in w hich
T  =  shearing stress in psi
f s =  elastic lim it in psi

. lb /secn =  viscosity m ----;—sq in.
dr
i t = ra te  of deform ation

In  m uch of the w o rk  th a t  has been reported , i t  
has been assumed th a t  f 8 is zero, th a t  is, th a t  ice is 
a tru ly  viscous m ateria l. A lthough the elastic lim it 
is very  small, an  analysis of the flow of glaciers 
indicates th a t  it  is no t zero. I t  has been reported  
th a t  a t  — 5° C (23° F) the ra te  of creep is im per­
ceptible w hen th e  loading on ice is less th an  2 k g /  
sq cm (28.4 p si), b u t w ith  loads larger th an  this 
the ra te  of creep becomes appreciable and increases 
rap id ly . T here is evidence th a t  the viscosity of ice 
depends considerably on the orien tation  of the 
optic axis rela tive  to  the  applied stress. T hus, re ­
sults of tests show ice to  be elastic if  the stress is 
applied perpendicu lar to  th e  optic axis b u t o ther­
wise to  behave as a plastic. A num ber of d e te r­
m inations of the viscosity of ice have been reported ,
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TABLE 2A4-1
Elastic Properties of Ice

T e m p e ra tu re E G
X

°C °F D y n e s / s q  cm  x  1010 Psi x  105 D y n e s / s q  cm  x  1010 P si x  106

- 1 0 14 9.5 13.8
- 3 0 - 2 2 10.2 14.8
- 1 5 5 9.8 14.2 3.68 5.34 0.33

- 5  to - 1 5 23 to 5 9.17 13.3 3.36 4.87 0.365

b u t the lack of consistency is so g rea t th a t  a t the 
present time presentation  of q u an tita tiv e  results 
seems to be. of little  value. All of the reports  indi­
cate a m arked increase in  viscosity w ith  decreasing 
tem peratu re .

A large num ber of determ inations of the elastic 
properties of ice have been reported , b u t again 
there is a m arked lack  of agreem ent, especially 
among the early  resu lts. Most of the early  de ter­
m inations w ere m ade using sta tic  loading and 
assuming ice was tru ly  elastic ra th e r  th an  plastic. 
In  view  of present know ledge they should, how ­
ever, be discounted. More recently , m easurements, 
have also been m ade using sonic m ethods; in  these 
cases consistent resu lts have been obtained th a t  are 
probably reliable. The evidence indicates th a t  both 
Y oung’s m odulus and the shear m odulus (rig id ity ) 
do not depend appreciably on crysta l o rien tation ; 
both appear to  increase slightly  w ith  decreasing 
tem peratu re . R epresen tative values fo r Y oung’s 
m odulus, £ , the m odulus of shear, G, and Poisson’s 
ra tio , X, are given in T able 2A4-1. V ariations of 
abou t 10 percen t have been obtained in different 
m easurem ents (using the same m ethods).

In  determ ining the ab ility  of ice to sustain a 
load, consideration should be given to  the effect of 
impulse and freq u en t repetitions of load in term s 
of tim e as w ell as to  the deform ation and s tru c tu ra l 
change th a t  m ay resu lt from  a sta tic  a n d /o r  a 
g radu ally  applied load.

A num ber of reports  are available of tests of 
compressive, tensile, flexural, and shear s tren g th  of 
ice. The lack of consistency is very  g rea t because 
the values obtained depend on the ra te  of loading 
and also on o rien tation . A sum m ary of the ranges 
obtained is given in T able 2A4-2.

Except fo r s treng ths of single crystals, the m ini­
m um  values should ac tu a lly  approach zero, corre­
sponding to the condition w hen ice is ro ttin g  or 
candled and is able to  support v ir tu a lly  no load. 
Possibly the compressive s tren g th  values show the

TABLE 2A4-2
Ranges of Ice -Strength  Test Results

T y p e  te st V a lu e s  reported, psi

C o m p re ss ive  stre n g th 70 to 1,800
T e n sile  stren gth 36 to 223
F lexural stren gth 44 to 311
S h e a r  strength 39 to 353

greatest range, in p a r t  because m ore investigators 
have used this re la tive ly  easy te s t th an  the o ther 
types.

A ttem pts to  im prove the s tru c tu ra l  properties of 
ice by the inclusion of wood pu lp  in the ice have 
been prom ising. T hus w ith  14 percen t pu lp  con­
ten t the compressive s tren g th  has been increased to  
1,100 psi and the tensile s tre n g th  to  700 psi.
2A4.08 EFFECTS OF STRATIFICATION,

CRACKING, AND RESIDUAL STRESSES

1. H O R IZ O N T A L  ST R A T IFIC A T IO N . T he 
streng th  of ice m ay be affected by developm ent of 
horizontal lam inations of variab le  properties. 
V ariations in tem p era tu re , tem p o ra ry  thaw s, rains, 
form ations of snow ice, flooding, and d riv ing  by 
the w ind of sa lt spray  onto the  surface  of o th e r­
wise relatively  fresh  ice or snow w ill all fo rm  
horizontal layers in the  ice sheet, the effect of 
w hich m ay be im p o rtan t in re la tive ly  th in  ice b u t 
w ill be insignificant in  heavy  ice.

A nother stra tifica tio n  developm ent occurs in 
coastal areas w here r iv e r and  stream  inflows and  
tidal effects cause varia tions in  the  salinity  of the 
w a te r  du ring  the ice fo rm ation  period. An influx 
of relatively  fresh  w a te r  u n d er the  ice surface  w ill 
resu lt in rap id  freezing  to  this su rface , w hich m ay 
have cooled to  as low as 28.6° F w hen norm al sa lt 
w a te r  was present u n d e r the ice. The same effect 
occurs in the P olar seas d u rin g  th e  sum m er th aw  
periods w hen m elt w a te r  from  th e  surface  sinks 
dow n th ro u g h  holes and freezes onto the cold
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u n d ersu rface  of the icepack. Such stratification in  
the low er p a r t  of the ice sheet, where critical 
tensile stresses occur w hen the ice is loaded, may be 
expected to  have fa r  g rea te r  effect on the overall 
bearing capacity  th an  lam inations th a t  develop in  
the up per h a lf  of the sheet.

In  th e  P olar icepack m uch less regu lar hori­
zon ta l s tru c tu re  layering  occurs w hen pressure 
causes ra f tin g  and buck ling  of the ice sheet.

2. VERTICA L CRACKS. C racking of the ice 
sheet u n d er the effect; of tem peratu re  stresses 
causes à p a tte rn  of ve rtica l defects or discontinu­
ities d is trib u ted  over the  ice sheet. These do not 
o rd inarily  ex tend  m ore th an  p a r t w ay th rough  the 
dep th  of the ice. A lthough  they are conspicuous in 
the  up per su rface  of the sheet a t low tem peratures 
and m ay be readily  visualized as a possible cause of 
weakness, s ta tic  load tests by the Soils, Founda­
tions, and Frost Effects L aboratory , in 1947, regis­
tered  essentially no observable effect of such cracks 
on the bearing  capacity  or fa ilu re  action of the ice 
u n d er a load. C racks form ed because of the load 
show very  little  tendency to follow the existing 
p a rtia l cracks. These tests, however, involved only 
single-load applications, and it is reported th a t 
un der heavy  traffic, tem p era tu re  cracks do have an 
effect in reducing  the load-bearing capacity  of the 
ice sheet. C racks th a t  pass all the w ay th rough  the 
ice sheet seriously low er the load capacity  and are 
especially hazardous if they occur under a snow 
b lanket because the snow m ay delay their refreez­
ing and hide them  from  view.

3. RESIDUAL STRESSES. Residual stresses 
m ay exist in ice from  unad justed  tem peratu re  e f­
fects or pu re ly  m echanical causes. These m ay 
affect the  s tru c tu ra l  properties. I t  is believed th a t  
va riab ility  in m easured s tru c tu ra l properties of 
test samples m ay be in p a r t  the resu lt of such 
residual stresses.
2A4.09 BEARING CAPACITY

A t the present tim e, by fa r  the most im portan t 
s tru c tu ra l  use of ice is as a load-supporting m ate­
rial fo r  the  m ovem ent of equipm ent, landing of 
a irc ra f t, and so on. In  determ ining the load- 
bearing capacities of ice, p a rticu la rly  in regard to  
a irstrips and the loads imposed by planes, several 
m ethods of s tu d y  and investigation have been fo l­
lowed. In  general, these m ethods are (a ) em pirical,
(b ) theoretica l or e lastic-theory  application, and
(c) d irec t observation of ac tu a l landings.

1. EM PIRICAL M ETHO D. O f the various 
em pirical m ethods employed, M oskatov’s has been 
the most w idely used. His form ulas are simple and 
indicate th a t  the ca rry ing  capacity  of ice varies as 
the square of the ice thickness. This contention is 
borne ou t, to  some ex ten t, by the elastic-theory 
analysis, provided som ew hat different ice strengths 
are assumed.

A ccording to  the Russians, 20 percent g rea ter 
ice thickness is requ ired  fo r airplanes w ith  wheels 
th an  those w ith  skis. The design curves adapted 
from  the 20 percen t, including allowance for wheel 
spacing, are shown in F igures 2A4-3 and 2A4-4.

The M oskatov em pirical form ulas are sum ­
m arized in  the follow ing tab le.
Type of ice A ircraft on skis A ircraft on wheels
R iver ice t  = t  = - b *
Lake ice t  = t  = j b *
O ld sea ice t  = t  =

Young sea ice t  = t =
P is the gross w eigh t of a irc ra f t in tons; t is the 

ice thickness in inches. The form ulas apply only 
fo r ice form ed and m aintained a t a tem p era tu re  
below 16° F. A t h igher tem peratu res, 25 percent 
g rea te r  thickness w ill be required .

2. ELASTIC-THEO RY APPLICATION. In  the 
elastic-theory  application, it  is assumed th a t w ith in  
permissible stress lim its the ice behaves approxi­
m ately as an elastic m ateria l, and elastic theories 
of stress and stra in  m ay be applied to obtain th ick ­
ness requ ired  fo r given conditions of loading. For 
present purposes it is assumed th a t  the ice sheet is 
floating, th a t  i t  is sufficiently large to  be infinite 
fo r the purpose of analysis, and th a t it  is unstressed 
and in equilibrium . A ctually , an ice cover m ay be 
p a r tly  suspended, as in the case of a stream  or long, 
n a rro w  lake w here the shores offer some support 
a t the tw o opposite long sides. An ice cover is 
probably never free from  tem pera tu re  stresses. 
S tatic loading offers a more critica l condition th an  
dynam ic loading; only s ta tic  loading, therefore, is 
considered fo r any ice test.

The form ulas and graphs shown here are appli­
cable only w here the load is fa r  from  the icefield 
edge. For loading near a free edge the lo ad-carry ­
ing capacity  should be assumed as roughly % to
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FIGURE 2A4-3
Bearing Capacity  of Fresh-W ater Ice  for W heeled A irp lanes I Ref. 211

%o th a t determ ined from  the form ulas or 
graphs. A t a corner, % the lo ad-carry ing  capacity, 
should be assumed.

Deflection of an  ice surface w ill depend on its 
thickness, density, elastic properties, and conditions 
of loading. M inor crack ing  can probably  be 
to lera ted  w ith o u t danger of fa ilu re  as long as the 
tem pera tu re  is appreciably below freezing. A t 
thicknesses near the required  m inim um , repeated 
loading w ill fa tig u e  the ice so th a t  rest periods 
m ust be provided to  perm it recovery of ice 
s treng th  if the traffic is heavy. To c ircum ven t this 
obstacle to  continuous operation, it  is desirable

th a t  sufficient a irs tr ip  area be provided to  perm it 
a lte rn a te  use of traffic lanes and runw ays.

The elastic-theory  application  assumes th a t  ice is 
elastic, w hich is a questionable assum ption because 
ice is tru ly  elastic only over an insignificant range. 
H ow ever, i t  has been found  th a t  c rack ing  occurs 
approxim ately in  accordance w ith  the theory , and 
th a t a large reserve of s tren g th  is available a f te r  
the first cracks appear. A t the tim e of in itia l 
cracking, therefo re , the  safe ty  fac to r  against 
b reak th rou gh  m ay be as high as 4 fo r a single load 
application. The d a ta , how ever, are as yet too 
scanty to  perm it definite conclusions, and the d u ra -
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THE CURVES SHOWN ARE FOR SALT-WATER ICE AT LEAST ONE 

YEAR OLD AND TEMPERATURE OF THE ICE SURFACE 16° F OR LESS. FOR -, 
YOUNGER ICE, SCANTY RUSSIAN DATA INDICATES THAT INCREASED 
THICKNESSES MAY BE REQUIRED UP TO ABOUT 1% TIMES THICKNESSES 
SPECIFIED FOR OLD ICE. AT HIGHER AIR TEMPERATURES THAN 16° F, -  
INDICATED THICKNESSES SHOULD BE INCREASED BY APPROXIMATELY 
25 PERCENT FOR AN EQUAL FACTOR OF SAFETY.

INDICATED FACTORS OF SAFETY ARE FOR SAFETY AGAINST ICE -  
CRACKING AND NOT FOR ULTIMATE LOAD-CARRYING CAPACITY. FOR 
FACTORS OF SAFETY OTHER THAN THOSE GIVEN (1.0 AND 2.0), IT WILL 
BE APPROXIMATELY CORRECT TO ASSUME A DESIGN LOAD EQUAL TO 
THE ACTUAL LOAD MULTIPLIED BY THE DESIRED SAFETY FACTOR, AND 
TO USE THIS MODIFIED DESIGN LOAD TO OBTAIN ICE THICKNESSES —  
FROM THE CURVE FOR FACTOR OF SAFETY 1.0. FOR WHEEL LOAD AT A 
FREE-EDGE CRACK (EDGES FREE TO MOVE WITH RESPECT TO EACH 
OTHER), THE LOAD-CARRYING CAPACITY SHOULD BE CONSIDERED AP- —  
PROXIMATELY xh TO V.o OF THAT GIVEN BY THE DESIGN CURVES, WHICH 
HAVE BEEN COMPUTED FOR THE CONDITION OF A LOAD APPLIED AT 
THE INTERIOR OF A SLAB AT A CONSIDERABLE DISTANCE FROM A FREE —1 
EDGE. FOR EQUAL LOAD-BEARING CAPACITY, ICE THICKNESSES UNDER 
CONDITIONS OF LOADING AT A FREE EDGE MUST BE INCREASED AP­
PROXIMATELY 30 PERCENT OVER THOSE REQUIRED UNDER INTERIOR 
LOADING CONDITIONS.

DESIGN CURVES ARE BASED ON USAAF WHEEL LOAD DATA AND __ 
PROBABLE MINIMUM AVERAGE SPACING BETWEEN MAIN WHEELS. FOR 
TIRE PRESSURES HIGHER THAN USUAL FOR THE WEIGHT OF PLANE AND 
FOR WHEEL SPACING UNUSUALLY CLOSE, GREATER MINIMUM THICK- —  
NESS WILL BE REQUIRED.
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GROSS WEIGHT OF AIRCRAFT IN THOUSANDS OF POUNDS

FIGURE 2A4-4
Bearing Capacity  of Salt-W ater Ice  far W heeled Airplanes (Ref. 211

tion  of loading, fo r  instance, w hich is a highly im ­
p o rta n t fa c to r , has no t been investigated.

O w ing to th e  uncerta in ties  in ice thickness and 
s tren g th  as foun d  in  n a tu re , the d o u b tfu l accu­
racies of analyses and form ulas, and the possible 
hazards to  equ ipm ent and personnel, it  is suggested

th a t a safe ty  fa c to r  of 2.0 against fo rm ation  of 
in itia l cracks be required . C urves representing the 
elastic-theory  application, w ith  safety factors of 
1.0 and 2.0, are  shown in Figures 2A4-3 and 
2A4-4.

W hen selection of an a irs trip  on ice is preceded
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by sufficient s tren g th  investigation , th e  safety 
fac to r  fo r  the ice m ay be modified. I t  m ust always 
be rem em bered, how ever, th a t  the hazards increase 
rap id ly  as m inim um  thickness is approached.

3. D IRECT OBSERVATION. Records of 
ac tu a l landings on ice have yielded the  m ost re­
liable da ta  on ice bearing capacities, b u t  u n fo r­
tu n a te ly  there  has been little  corre la tion  between 
the  loading conditions and  the thickness and 
s tren g th  of the  ice. Some ac tu a l land ing  records 
of m oderately heavy planes are listed in  Table 
2A 4-3. The d a ta  available are m eager.

As indicated in F igures 2A4-3 and  2A 4-4, the 
safe loads fo r  airstrips on ice depend on wheel 
spacings. F igure 2A 4-5, based on elastic-theory

analysis, indicates th e  n a tu re  of th is dependence.
In addition to  the  listings shown in T able 2 A 4-3, 

i t  is reported th a t  landings have been m ade on sea 
ice about 88 in. th ick  and  ab o u t 2 years old by the 
A ir T ranspo rt Com m and a t  C am bridge Bay, Vic­
to ria  Island, N . W . T ., C an., in May 1947, w ith  
plane w eight up  to  145,000 lb.

A comparison of ice thickness shown in T able 
2A4-4 w ith  the  com puted m inim um  thicknesses 
as required  by Figures 2A4-3 and 2A 4-4 shows 
th a t a large reserve of s tren g th  was available in 
almost all cases. These records of ac tu a l landings 
in the A rctic  clearly  dem onstrate  th a t  su itable ice 
airstrips fo r airplanes of over 120,000 lb gross 
w eight m ay be found  d u rin g  the  w in te r  m onths.

FIGURE 2A4-5
Effect of Aircraft Spacing on Required Ice Thickness (Ref. 211
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Tables 2A 4-5, 2A 4-6, 2A4-7, and 2A4-8 give 
in fo rm ation  on loads o ther than  a irc ra f t th a t ice 
m ay be requ ired  to  support. N  is the safety fac to r 
requ ired  (T able 2A 4-6).

The perm issible tim e fo r load ha lting  on ice is de­
term ined by the follow ing equation.

T = <'pn‘ (6 +  l ) 3
P»PT = permissible tim e in hours 

p = w eigh t of load standing on ice 
pm = permissible load for ice of given thickness 
0 is determ ined from  Table 2A4-8.

TABLE 2A4-5
M in im um  Thickness of Ice  Necessary for Passage of Specific Loads O ver Fresh-W ater Ice at A ir  

Temperatures B etw een — 7° and  — 72° C 730.2° and  70.4° F I (Ref. 181

T y p e  of  load
Weight,

tons

Ice thickness at various values of  coefficient N

N =  1 N == 1 .2 N == 1 .4 N == 1.6 N == 1.9

Cm In. Cm In. Cm In. Cm In. Cm In.

Single ski trooper 3 1.2 4 1.6 5 2.0
A i r  sleigh with 4 skis ’ i .5 7 2.8 9 3.5 *12 4 .7 14 5.5 16 6.3
Light car 2.7 16 6.3 17 6.7 19 7.5 21 8.3 23 9.1
5-ton truc k 10.0 32 12.6 36 14.2 39 15.3 42 16.5 47 18.5
Loaded caterpillar ,  M a x 20.0 41 16.1 46 18.1 51 20.1 55 21.6 61 24.4

Loaded caterpillar ,  M ax 65.0 7 7 30.0 87 34.2 95 37.4 108 42.5 113 44.5

TABLE 2A4-6 TABLE 2A4-8
Coefficient of Safety Factor and Am ount of Determ ination of 0 I Ref. 181

C ra ck s , N I Ref. 181

TABLE 2A4-7
Simplified Form ulas for Ca lculations l Ref. 181

(■ '■

pm =  permissible load in tons ,
h =  actual  smallest  ice thickness,  not counting snow n u  - u

K =  tem pe rat ur e correction factor = - T

S =  salinity correction factor =  r .------- ,
(1  +  0.02s i)-

Si =  salinity in ppt

For  loaded wheeled vehicles 
on nonreinforced ice P,„ = ^ h - K S

For loaded caterpillar  vehicles 
on nonreinforced ice

up to 18 t, pln =  ^ h - K S

above 18 t, p m =  ü ü h - K S  
N

Condition of ice

Character of 
crossing Level  ice 

wi thout 
cracks

Dry cracks 
not through, 
up to 30 cm 

( 1 1 . 8  in.) 
wide

Wet cracks 
through,  

up to 5 cm 
(1 .98 in.) 

wide

Crossing at  the limit 
of safety factor 
with special risk 1.0 1.2 1.6

Crossing with lowered 
safety factor 1.2 1.4 1.9

Norm al crossing 1.6

Value 
of d Specific occasions

0

1.  Halting a transport  on roads not cleared of snow,  or if 
ice is covered by water.

2. Basic long-range constructions,  cribwork,  flooring,  
and so on.

3. Halting loads on cleared or partially cleared ice at a 
temperature less than - 5 °  C (23° F) .

1

1. Halting a transport  on roads cleared of snow at  a 
temperature less than - 5 °  C (23° F) .

2. Halting a transport  on roads partially cleared of snow 
at a temperature less than - 1 0 °  C ( 1 4 °  F) .

2

1. Halting a transport  on roads cleared of snow at a 
temperature less than - 1 0 ° C ( 1 4 ° F ) .

2. Halting a transport  on roads partially cleared of snow 
at a te mperature less than - 1 5 °  C (5° F ) .

3
1.  Short  halt of a transport  on roads cleared of snow at 

a temperature less than - 1 5 °  C (5° F) .

2-35



2A5.0I INTRODUCTION

Section 5. PERMAFROST

TABLE 2A5-1

Reported Depths of Perm afrostP erm afrost is an engineering m ateria l like ice, 
snow, and concrete. In  evalua ting  perm afrost, 
consideration should be given to  the fac t th a t  it is 
one of the end resu lts of the disciplines existent in 
the area. W hen these perm anen tly  frozen m ate­
rials are thaw ed, because of a change in the disci­
plines, they m ust be evaluated  the same as m ate­
rials in a like condition in the T em perate Zone. 
Consideration should be given no t only to  the 
q u a lity  and grad ing , b u t also to  the  com paction 
and confinement of the  m aterials and the condi­
tions under w hich the  m aterials w ill con tinue to 
exist in th e ir thaw ed state.

2A5.02 DISTRIBUTION

Perm anently frozen m aterial in the superficial 
covering of the e a r th ’s surface is existent in a large 
portion of the Cold Regions. The thickness of 
perm afrost varies from  a few  feet to  several h u n ­
dreds of feet. (See T able 2A 5-1.)

Location D e p t h ,
feet

Source of  data

Ne a r  Fairba nks,  Alaska 
lat 64°49'  N 
long 1 4 7° 5 2 '  W

360
Act ual  drilling and 

study ing  of  in-place 
samples.

N o r d v i k ,  Siberia 
lat 7 3 °5 2 '  N 
long 1 1 2 ° 1 0 '  E

2,000
U np ubl ish ed material ,  

meth od  of determination 
u nk n ow n .

Cape Si mp so n,  Alaska 
lat 7 1 ° 0 0 '  N 
long 1 5 4 ° 3 9 ' W

1,030
Unp ubl ish ed material ,  

determination made by 
actual  measurements.

2A5.03 NATURE

1. FORM. P erm afro st m ay be present in a con­
tinuous s tra tu m  of v ary in g  thickness over a g rea t 
area, or it may exist as stringers, sheets, islands, 
kidneys, pipes, or lenses and dikes (F igure 2A 5-1). 
(See also Figure 2A 5-25.) A perm afrost area  may 
contain stringers, s tr a ta , sheets, lenses, dikes,

FIGURE 2A5-1

fee Lenses and  Dikes in Black M uck  Near Fairbanks, Alaska
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islands, kidneys, or pipes of perm anently thaw ed 
m aterial. F igure 2A5-2 illustrates some of the 
possible g round  conditions in perm afrost areas.

In  add ition  to the form s ju st described, the po r­
tion  of the perm afrost th a t  is ice may exist as 
m inute un ifo rm ly  disseminated grains, w hich coat 
the solid particles o ther than  ice, or as crystals 
d is trib u ted  betw een the particles of the other solid 
m aterials. The am ount and n a tu re  of the m atrix  
m ust be considered in the in terp re ta tion  of any 
test da ta . (See Section 2A4.)

Some m aterials are perm anently  frozen w ith an 
ice m a trix  insufficient to  fill the voids. This is 
term ed d ry  perm afrost. Properties of perm afrost 
are, in m any instances, a ltered  because of tem pera­
tu re  changes; especially, the properties may be 
a ltered  rad ica lly  w hen there is a change of phase 
in the m atrix .

2. PRO PERTIES. The therm al conductiv ity  of 
w a te r  is less th an  th a t  of ice. N O TE: In circum ­
stances, how ever, w here there is com paratively 
free m ovem ent of the w a te r, the effective con­
d u c tiv ity  m ay be increased as a resu lt of convec­
tion. Because of the increased conductiv ity  of ice, 
the con du c tiv ity  of ce rta in  sands in place may be 
trebled  by freezing, and th a t of certa in  clays in ­
creased by as m uch as 50 percent. (See Section 
2A8.)

Ice u n d er stress flows (Section 2A 4); therefore, 
in ev a lu a tin g  and in te rp re tin g  test da ta  pertaining 
to  such properties as compression, tension, elonga­
tion, shear, e lastic ity , and  adfreeze, consideration 
should be given to the d u ra tion  of time for which 
loads are applied.

The chemical and bacterial processes are re­
tarded because of the low temperatures. The 
process of soil formation, therefore, is limited to a 
thin layer; and the weathering process is more 
physical than chemical, resulting in a relative 
scarcity of clay and an abundance of dustlike 
(silt) soil in permafrost areas.

The electrical con du c tiv ity  of frozen m aterials 
m ay be m uch less th an  th a t  of the same m aterials 
in the th aw ed  sta te ; consequently, adequate and 
proper g rou nd ing  of e lectrical appara tus in perm a­
fro st areas often  presents difficulties. (See par. 
2B4.08.)
2A5.04 EVALUATION DATA

A rep o rt on perm afrost as an engineering m ate­
ria l should include the follow ing items.

FIGURE 2A5-2
Typical Form s of Permafrost
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( 1 ) Geographical location.
(2) E xtent, including depths of perm afrost 

and of active layer.
(3) Form. (See par. 1 of 2A 5.03.)
(4) W ater (ice) content.
(5) Particle size, charac te r, and packing of 

m aterials.
(6) T em perature of frozen m aterials.
(7) Chemical composition of m atrix .
(8) N a tu re  of m aterials.
(9) Geological deposition of m aterials.
A knowledge of the n a tu re  of the geological 

deposition of the m aterials is often  of considerable 
help in the overall solution of an engineering prob­
lem. This is especially tru e  w here old buried 
beaches or drainage systems are located in a perm a­
frost area.

2A5.05 ACTIVE LAYER

Because of the seasonal freezing and thaw ing  of 
the active layer in a perm afrost area, the following 
m ust be given consideration in the design and 
construction of any engineering facility .

(1) There is the possibility of swelling an d /o r  
settling ground, which may deform  the surface to 
such an ex ten t th a t vertical movement of any 
s tru c tu re  may take place. (See Sections 2A6 and 
2A8.)

(2) There is the possibility of uneven freezing 
and thaw ing of the ground because of the charac­
teristics of the ground and disciplines involved.

(3) There is the possibility of horizontal move­
m ent of portions of the active layer because of the 
development of sliding surfaces, w hich may resu lt 
in extrem e horizontal pressures.

(4) There is the possibility of developm ent of 
hydrostatic pressure. (See Section 2A7.)

2A5.06 TALIKS

The presence of taliks (thaw ed zones) in a 
perm afrost area m ay indicate a trea tm en t of an 
engineering problem  qu ite  different from  th a t in 
a perm afrost area where no taliks are present.

Taliks are usually  the resu lt of (a ) moving 
ground w ate r; (b) local tran sfe r  of heat from  a 
perched lake or o ther body of w ate r, such as an 
arm  or bay of a sea; (c) a change in the disciplines 
in the area, such as cover, exposure, and so on; and 
(d) a mean annual tem p era tu re  th a t will perm it 
a thaw ed zone to exist betw een the annual frozen

cover and the perm afrost below such cover. Taliks 
resulting from  the last condition m ay be cyclic.

In voids where w a te r  is un der pressure (o r con­
tains minerals in so lu tion ), the w a te r  m ay exist as 
a liquid a t tem peratu res less th an  0° C (32° F ) , 
as shown in Table 2A 5-2. The m a trix  un der these 
conditions is a liqu id , and therefore  such zones 
m ust be considered as a ta lik  fo r engineering p u r ­
poses. A change in the pressure w ith o u t a change 
in tem peratu re , how ever, m ay tran sfo rm  this ta lik  
into perm afrost.

TABLE 2A5-2
M elting Point of Ice  as Function of Pressure

Pressure,  atmospheres Te m p e r a t u r e ,  ° F

0.00603 3 2.0 17 82 (convergence)
water,  water va po r,  
F o r m  1 ice

1.0 32.0
14.4 31.82
67.5 3 1. 1

133 30.2

259 28.4
590 23.0

2,047 - 7 . 6  (convergence)
wa te r,  Form  1 ice, 
F o r m  III  ice

'Interpolated from data of Brid g em an ,  I C T  4, II ( 192 8).

2A5.07 FROST ACTION

Occasionally, m oving w a te r  contiguous to 
perm afrost may pen e tra te  the co n tac t betw een tw o 
frozen layers and fill the space betw een them . If  
the w ater continues to flow, progressive thaw ing  
of the ground m ay occur and a new w a te r  channel 
be established. W here w a te r  freezes, a sheet of ice 
may resu lt and the freezing of the w a te r  m ay 
cause the form ation of a g roup  of crystals, u l t i ­
m ately resu lting  in surface  deform ation.

1. SWELLING. Freezing of w a te r  on con tac t 
between the perm afrost and the  active zone f re ­
quently  causes sw elling of the ground  and may 
resu lt in the fo rm ation  of fro s t m ounds, pingos, 
or frost blisters. The regime of such w ate r requires 
carefu l study and investigation  before any con­
struction  w ork is con tem plated  in areas w here 
swelling is present or indicated .

a. Cause of Stvelling. Swelling of the ground  
is caused by various conditions, the most common 
of which are the follow ing.

( 1 ) H y d ro sta tic  pressure bu ilt up  be-
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tw een the perm afrost tab le  and the frozen crust of 
the active zone.

(2 ) Freezing of an active layer com­
posed of silt, fine sand, and clay deposits, which 
may or m ay no t have been sa tu ra ted  when frozen 
and w hich have access by capillary action to an 
additional supply of w a te r. In this case, swelling 
may be caused by the expansion of w ate r freezing 
in s i tUy  w hich increases its volume about 9 percent. 
This freezing m ay be the resu lt of a decrease in 
tem p era tu re  or of a decrease in pressure. (See 
Table 2A 5-2.)

b. Capillary Rise and Ice Formation in Soil. 
Bodies of clear ice can no t possibly be formed in a 
body of soil unless the w a te r  m igrates th rough the 
voids of the soil to w ard  the centers of freezing. 
The w a te r  m ay come o u t of the soil th a t freezes or 
it m ay be d raw n  ou t of an aquifer located below 
the zone of freezing. These possibilities are illus­
tra te d  by F igure 2A5-3.

F igure 2A5-3 represents three cylindrical speci­
mens of a finely sa tu ra ted  silt. Specimen A rests 
on a solid base, b u t the low er ends of specimens B 
and C aré immersed in w ater. The tem peratu re  of 
the upper end of each specimen is kept below the 
freezing point. In A, the w ater entering the ice 
layers is d raw n  ou t of the lower p a r t of the speci­
men. As a consequence, the lower p a r t consolidates

in the same m anner as if the w ater were pulled by 
cap illa rity  tow ard  a surface of evaporation a t the 
upper end. The grow th  of the ice layers probably 
continues u n til the w a te r  content of the lower p a r t 
is reduced to the shrinkage lim it, provided the 
tem p era tu re  is sufficiently low. Because all the 
w a te r  entering  the ice layers comes from  w ith in  
the specimen, the sample is referred  to as a closed 
system. The volume increase associated w ith  the 
freezing of a closed system does not exceed the 
volume increase of the w ate r contained in the sys­
tem. I t  commonly ranges between 3 and 5 percent 
of the to ta l volume.

In B, the w a te r  required  for the initial grow th  
of the ice layers is also d raw n  out of the specimen, 
w hereupon the lower p a r t of the sample con­
solidates. As the consolidation progresses, however, 
more and more w a te r is d raw n from  the pool of 
free w a te r  located below the specimen. Finally, 
both the ra te  of flow to w ard  the zone of freezing 
and the w a te r  con ten t of the unfrozen zone 
th ro u g h  w hich the w a te r  percolates become con­
stan t. Such a sample constitutes an open system. 
Experience in perm afrost regions shows th a t the 
to ta l thickness of the ice lenses contained in such 
a system can increase to m any feet.

The open system represented by B can be tra n s ­
form ed into a closed system by inserting a layer of

lee Layer Form ation in Closed  System  A  and O pen  System  B , With Layer of Pea Gravel in 
Specim en  C  C ha ng in g  Upper Part of Specim en Into  C losed  System  (Ref. 221
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co a rse -g ra in ed  m a ter ia l b e tw e e n  th e  zon e o f  f r e e z ­
in g  tem p er a tu re  and  th e  w a te r  ta b le , as sh o w n  by  
C. B ecau se th e  w a te r  ca n n o t  rise b y  c a p illa r ity  
th r o u g h  th e co arse  la y e r , th e  u p p er  p a r t o f  th e  
sam p le rep resen ted  b y  C c o n s t itu te s  a c lo sed  sy s­
tem . T h e lo w er  p a r t  o f  th e  c lo sed  sy stem  is su b jec t  
to  d ra in a g e  by  fr o s t  a c tio n .

I t has been fo u n d  th a t  ice  la y ers  do n o t d ev e lo p  
as a re su lt  o f fr e e z in g  u n less  th e  soil co n ta in s  at 
lea st a sm all p e r c e n ta g e  o f  soil p a r tic le s  p ass in g  the  
2 0 0 -m e sh  sieve. (See T a b le  2 A 6 - 1 .)

c. Frost M ounds . F rost m ou n d s are th e  m ost  
co n sp icu o u s m a n ife s ta t io n s  o f  g r o u n d  s w e llin g . 
T h ey  v a r y  w id e ly  in  s ize , s tr u c tu r e ,  o r ig in , and  
d u r a tio n ;  and in  o n ly  a f e w  cases h a v e  th e ir  
o r ig in , m o rp h o lo g y , and  h is to r y  b een  th o r o u g h ly  
and o b je c tiv e ly  d escr ib ed . T h e  term  fr o s t  m ou n d  
g e n e r a lly  applies to  a ll m ou n d s p ro d u ce d  b y  fro s t  
a c tio n  u n less th e ir  sp ecific  c h a r a c te r , o r ig in , and  
s tr u c tu r e  are k n o w n . T h e  f o l lo w in g  are sp ecific  
ty p es .

( 1 ) Pingos. P in g os are la rg e  m o u n d s  th a t  
m ay a tta in  h e ig h ts  o f  300  f t  and  p er im eters  of 
o v er  3 ,0 0 0  f t .  P in g o s are o f  m a n y  yea rs  d u r a tio n ,  
b u t th e  fa c to r s  th a t  c o n tr o l th e ir  l ife  c y c le  h av e  
n ot y e t  been d eter m in ed . P in g os are k n o w n  to  
o c c u r  a lo n g  th e  A r c t ic  co a st in  f la t , p o o r ly  d ra in ed  
areas n ear r iv er  d e lta s  or in o ld  la k e  b asin s. P in g o -  
lik e  s tr u c tu r e s  h a v e  a lso b een  d escr ib ed  in  the  
v ic in ity  o f  Y a k u tsk  and  in T r a n sb a ik a lia , S iberia . 
P in g o  su m m its  are u s u a lly  b ro k en  b y  ra d ia t in g  
fissures fro m  w h ic h  p o ta b le  w a te r  m ay  issue. 
(R e f . 2 3 .)

(2 )  Frost Blisters . F rost b lis ters  (F ig u r e  
2 A 5 -4 )  are m o d era te  in  s ize , seld om  ex c e e d in g  
2 5 fe e t  in h e ig h t , an d  r u p tu r e d  a t th e  su m m it.  
T h ey  are u su a lly  ca u sed  b y  th e  co m p le te  fr e e z in g  
o f  th e  a c tiv e  la y e r  and th e  p resen ce o f  w a te r ,  
w h ich  m a y  be u n d e r  su ffic ien t h y d r o s ta t ic  p ressu re  
to  r u p tu r e  th e  o v e r ly in g  c r u s t  o f  f r o z e n  g r o u n d . 
S u ch  b listers m a y  la s t  o n ly  a y ea r  or t w o , or for  
sev era l yea rs, d ep en d in g  on  w h e th e r  th e  ice  w ith in  
th em  m elts  d u r in g  su m m er. F rost b lis ters  u su a lly  
fo rm  a lon g  s lo p in g  g r o u n d  an d  m a y  s h if t  th e ir  
p o sitio n  fro m  y e a r  to  y ea r .

( 3 )  Icing M ounds . I c in g  m o u n d s are 
m u ch  lik e  fr o s t  b lis ter s , and  in  m a n y  cases sharp  
d is t in c t io n  b e tw e e n  th em  ca n  n o t be m ad e . T h ey  
are com p osed  a lm o st e n t ir e ly  o f  ice  an d  are u s u a lly  
a n n u a l, fo rm in g  d u r in g  w in te r  an d  m e lt in g  d u r ­
in g  su m m er, a lth o u g h  som e su ch  m o u n d s  h av e

(A) GROUND WATER MOVING DOWNSLOPE 
THROUGH ACTIVE ZONE

(B) HYDROSTATIC PRESSURE PUSHING UP SURFACE GROUND 
PERMAFROST. WATER BEFORE FREEZING, D

(C) CONTINUED MOVEMENT OF WATER ON SLOPE C AND 
FURTHER FREEZING OF THE COVERllN DEPTH DEVELOPS 
SUFFICIENT HYDROSTATIC PRESSURE TO RUPTURE THE 
FROZEN SURFACE AT E, RESULTING IN AN OVERFLOW OF 
WATER. SUCH WATER, WHEN EXPOSED TO COLD, FORMS 
PROGRESSIVE LAYERS OF ICE AS SHOWN AT F.

F IGURE 2A5-4
Form ation of Frost Blister or lee M ound

been known to last a number of years. They may 
appear from year to year in exactly the same place, 
they may spring up in slightly different places, 
or they may suddenly make an appearance in an 
entirely new locality. They are formed by the 
freezing of subsurface layers of water that may 
issue from the ground (Figure 2 A 5 - 5 )  or from a 
fissure in river ice. Thus, they are similar in
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Figure 2A5-4 illu stra tes  the form ation of a frost 
blister and the corresponding icing th a t may resu lt 
w hen the b lister is broken. In  (B) of F igure 2A5-4, 
the flow of w a te r  is in terfered  w ith  because of 
complete freezing of the active zone a t A and the 
developm ent of a hydrosta tic  head a t B. If, in 
place of freezing, sufficient compaction of the 
active zone is effected a t  A to  partia lly  re ta rd  the 
w a te r  m ovem ent a t A, a hydrostatic  head again 
could develop a t  B, resu lting  in blisters and icing 
sim ilar to th a t  illu s tra ted  in Figure 2A5-6. In sta l­
lation of a French d ra in  (par. 2 of 2A7.04) a t A 
could have avoided the swelling a t B.

2. SUBSIDENCE. The subsidence (Figure 
2A 5-7) of silt, clay, sand, and  gravel when thaw ed 
varies w ith  the ice con ten t and com paction of the 
m aterials. From an engineering standpoint, there­
fore, the ice con ten t of soil is extrem ely im portant, 
and it  is necessary th a t  the conditions responsible 
fo r ice form ation  be recognized and evaluated  so 
th a t  un favorab le  locations can be avoided.

The am ount of ice th a t  can form  in the ground 
depends on several fac to rs, the most im portan t of 
w hich are the follow ing.

FIGURE 2A5-6
Cross Section of Ic ing  M o u n d  N ear Fairbanks, A laska

orig in to  fro s t blisters, w ith  the difference th a t the 
source of th e ir  w a te r  is no t so limited. For this 
reason, icing m ounds issue w ate r for a considerably 
longer period. They m ay m easure from  1 to  30 f t  
high and are  commonly surrounded by a more or 
less extensive sheet of layered ice.

F IGURE 2A5-5
Ic in g  M o u n d  W ith Fracture at A
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FIGURE 2A5-7
Subsidence in Black M uck A rea  Near Fairbanks, A laska

(1) The am ount of in te rs titia l w a te r  (w ate r 
in voids) in the g round  before freezing.

(2) The available supply of w a te r  in the 
adjacent ground.

( 3 ) The te x tu re  of the ground.
There is a definite relationship betw een the 

abundance of g round  ice and  the conditions th a t 
are favorable fo r  the accum ulation  of ground 
w ate r. Ice lenses and layers are, therefore , more 
frequen tly  found  in poorly drained low  places than  
in more elevated locations. The types of soils 
th a t are p a rticu la rly  susceptible to  ice form ation 
are loose, silty soil and  very  fine sand, in which 
capillary w ate r action is m ost p revalen t and which 
freeze while in a s ta te  of capillary  sa tu ra tion  
w ith in  the voids. Loose clay soils ac t like silt, bu t 
w hen well consolidated and free of cracks, they are 
relatively unaffected because they are alm ost im­
pervious to g ro u n d -w a te r  m ovem ent. Coarse­
grained sand and gravel also are usually  u n a f­
fected. W hen soil in  a high sta te  of capillary  
sa tu ra tion  freezes, the soil grains are separated by 
the force of expansion. W hen such soil thaw s, it 
becomes a soft, m ucky substance of extrem ely low 
bearing capacity , unstab le and plastic, and sus­
ceptible to settling  and caving.
2A5.08 SOLIFLUCTION

1. MASS MOVEMENT. W hen w a te r  is present

in the active zone a n d /o r  a t  the  con tac t betw een 
the active zone and p erm afrost, the m ateria l of 
the con tact area m ay be so affected th a t  a slow 
grav ita tional m ovem ent of the  superficial mass can 
occur. Areas of th is c h a rac te r  should be avoided 
fo r construction  and developm ent, unless provision 
is made to co rrec t the conditions th a t  m ake such 
movement possible. W herever p racticab le , such 
movement m ay be arrested  by freezing  the m aterials 
th a t  cause the tro u b le  or, w here feasible, by  pro­
viding sufficient d ra inage to  d iv e rt the w a te r  th a t  
is responsible fo r the  condition of the m aterials 
causing the troub le . Areas w here solifluction m ay 
be expected are u su ally  ind icated  by (a ) num erous 
local glaciers o r icings in  the  early  spring, such 
icings form ing a p a t te rn ;  (b ) trees leaning in the 
same direction; o r (c ) ridges o r folds in the  g round  
surfaces resu lting  from  h o rizon ta l pressure exerted  
by the moving mass.
2A5.09 SUBSURFACE TEMPERATURES

1. CO N TR O LLIN G  FACTORS. The tem pera­
tu res in perm afrost are  contro lled  by the disciplines 
of the area involved and are  the  resu lt of the  com­
bined action of all ex isten t fac to rs . T herefo re, if 
one of the fac to rs is changed , the  th erm al regime 
of the area m ay be a lte red . Good cold-w eather 
engineering necessitates a p roper evaluation  of 
any change in term s of the  re su lt of all old and
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new  facto rs. The d istribu tio n  of heat in the m ate­
rials of a perm afrost area is affected by mean 
ann ual tem p era tu re , cover, exposure, conductiv ity , 
and d iffusiv ity  of the  m aterials involved, the 
n a tu re  and ch a rac te r  of deposition, movement of 
subsurface  w a te r, and proxim ity to large bodies 
of w a te r.

Tables 2A 5-3a th ro u g h  3f show the annual and 
m onthly a ir  and soil tem peratu res a t a num ber of 
stations in the Cold Regions. Table 2A 5-3g shows 
the  average dep th  to the upper surface of perm a­
fro st in various locales. A study  of these tables 
w ill indicate the effect of the disciplines in term s 
of fro s t penetra tion . The range of am plitude of 
the seasonal varia tions diminishes dow nw ard and 
becomes negligible a t a level depending on the 
m aterials and disciplines of the area. This horizon 
is term ed the level of zero am plitude. (See Figures 
2A5-8 and 2A 5-9.) Below the level of zero am pli­
tu de , the tem p era tu re  of the perm afrost has a 
g rad ien t, w hich, unless the disciplines are changed, 
rem ains stable from  season to season and probably 
from  year to  year.

TABLE 2A5-3o
M onth ly  and  A n n u a l A ir , Snow , and Soil 

Temperatures in °F, Fairbanks IW eeks  
Field I, Alaska, 1947

M onth
A i r 1 Snow

Depth, ft

0.1 0.4 2.0 10.0

M ax Min M ax M in M ax Min Max Min Max Min Max Min

Jan 22 - 5 6 30 27 31 28 32 30 33 31
Feb 44 - 5 3 32 - 5 6 29 25 30 25 33 30 33 30-
M ar 50 - 1 4 / - 1 3 32 28 32 29 32 31 32 31
A p r 48 3 32 -  2 47 30 34 31 32 32 32 32
M ay 83 29 67 32 49 32 32 29 32 29
Ju ne 74 42 81 42 53 35 33 29 33 29

Ju ly 80 51 81 52 64 48 45 34 33 31
A u g 67 44 65 38 54 42 48 45 35 32
Sept 53 30 52 29 47 28 45 35 35 32
Oct 49 6 34 24 36 30 ■39 34 35 34
N o v 32 - 1 0 31 26 31 29 34 32 34 35
Dec 25 - 2 1 31 23 31 26 33 32 34 32

Annual 83 - 5 3 - 5 6 81 23 64 46 29 35 29

‘ These tem peratures were taken 9.8 ft above the earth's surface.

The resu lts of the exposure of the area are 
usually  reflected in the upper subsurface tem pera­
tu res. (See F igure  2A 5-10.) D iffusivity and the 
la ten t hea t of fusion of the m aterials involved 
determ ine the  ra te  and ch a rac te r of the d is trib u ­
tion of heat. T he p rox im ity  to nearby bodies of 
w a te r  in m any instances m aterially  affects the 
tem p era tu re  of nearby  subsurface m aterials.

FIGURE 2A5-8
Temperature G rad ient in Permafrost, 

Skovorodino, Siberia I Ref. 231

F IGURE 2A5-9
Temperature of Perm afrost in Shargin  Shaft, 

Yakutsk, Siberia I Ref . 231
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TABLE 2A5-3b
M onthly  and A n nua l Soil Temperatures In °F, Nome, Alaska— Lat 64° 30' N, Lo ng . 165° 26’ W

M o n th

Depth, ft

0.0 0.6 2.8 5.7 10.7 19.6

M a x M in M a x M in M a x M in M a x M in M a x M in  . M a x M in

Jan 29.3 5.4 31.9 30.6 31.5 30.8 31.8 31.1 30.9 30.1 31.3 31.0
Feb 31.6 22.6 31.5 31.1 31.5 31.0 31.8 31.2 30.9 30.3 31.5 30.2
M a r 28.0 20.9 31.3 30.9 31.8 31.2 31.9 21.5 31.1 30.3 31.8 31.1
A p r 32.9 28.6 32.9 31.0 32.6 31.4 32.8 31.6 32.0 30.9 32.7 31.6
M a y 56.2 31.8 33.1 32.7 32.7 32.4 32.8 32.4 32.2 31.9 32.8 32.4

June 75.0 41.2 36.4 33.3 32.1 30.7 31.8 31.0 31.3 30.3 31.7 30.8
Ju ly 79.1 40.7 53.0 31.8 44.6 30.0 36.3 27.0 31.9 28.0 31.3 27.7
A u g 66.7 48.0 51.2 40.2 33.7 32.4 31.6 31.3 31.0 30.6 31.4 31.2
S e p t 49.0 34.8 38.7 32.2 33.3 31.5 32.2 31.1 31.9 30.2 32.3 31.0
Oct 44.2 17.9 33.7 31.2 33.0 31.1 32.1 31.3 32.0 30.4 31.9 30.6

N o v 31.0 - 4 . 1 32.3 28.0 32.5 29.6 32.7 31.6 32.7 30.0 32.5 31.0
Dec 30.3 7.3 32.0 31.1 31.6 29.4 32.3 31.7 31.4 30.8 32.1 30.8

A n n u a l 79.1 - 4 . 1 53.0 28.0 44.6 29.4 36.3 \  27.0 32.7 28.0 32.8 27.7

2. EXAMPLE OF SUBSURFACE TEMPERA- 
TU R E D ISTRIB U TIO N  IN  PERMAFROST AREA. 
Geotherm al investigations near Point B arrow , 
A laska, indicate th a t  below the level to  w hich 
seasonal changes pen etra te , g round  tem peratu res 
do no t fa ll below ab o u t —10° C (14° F ). (See 
Figure 2A 5-11.) The dep th  of the 0° C (32° F) 
geo-isotherm  ranges from  670 to  1,300 f t ,  increas­
ing w ith  the distance from  the nearest large body 
of w ate r. Therm al, disturbances caused by drilling 
in  and th ro u g h  the perm afrost persist fo r m any 
m onths so th a t  th erm al readings tak en  in freshly 
drilled  holes have little  value.

In  drilling th ro u g h  p erm afrost, this d istu rbance  
is alw ays in the d irection  of h igher tem pera tu res, 
except below the base of th e  fro s t if  the w ell is deep 
enough to  p en etra te  the  fu ll  thickness. "C ooling 
curves” have been p lo tted  fo r  several drilled wells, 
and in all analyzed so fa r , they  approxim ate a hy ­
perbola (F igure 2A 3-12) of the  general form

The constants a9 by and c v a ry  from  one w ell to  
the nex t and from  one dep th  to  ano th er in  the same

TABLE 2A5-3c
M onthly  and A n nua l Soil Temperatures in °F, Resolute, C anada — Lot 74° 4 V N, Lo n g . 94° 34' W

M o n th

Depth, ft

S u rfa c e 0.3 0.67 1.5 3.25 5.0

M a x M in M a x M in M a x M in M a x M in M a x M in M a x M in

Jan u ary - 2 1 . 5 - 3 5 . 6 - 1 9 . 4 - 2 6 .2 - 1 7 .4 - 2 2 . 4 - 1 3 .1 - 1 7 . 6 -  8.4 - 1 2 . 9
F ebruary - 2 6 . 8 - 3 9 . 4 - 2 4 .7 - 3 0 .4 - 2 2 .7 - 2 6 . 0 - 1 7 . 9 - 2 0 . 8 - 1 3 .2 - 1 6 . 2
M a rc h - 1 3 .1 - 3 6 .1 - 1 7 . 2 - 2 9 .6 - 1 7 .4 - 2 5 . 5 - 1 7 . 0 - 2 1 .0 - 1 5 .0 - 1 7 .1
A p r il - 1 2 . 0 - 2 0 .1 - 1 3 .6 - 1 8 .3 - 1 3 .3 - 1 7 . 4 - 1 2 . 9 - 1 5 . 8 - 1 1 .8 - 1 5 . 0
M a y 15.3 - 1 1 . 2 9.7 - 1 2 .6 5.8 - 1 2 . 6 1.1 - 1 2 . 7 -  2.4 - 1 1 . 7

June 52.4 12.4 38.1 9.8 29.5 6.3 23.3 1.7 10.3 -  1.8
Ju ly 54.6 37,2 40.2 33.4 34.1 29.6 28.6 23.5 23.8 18.7
A u g u s t 40.7 31.8 35.2 31.7 31.8 28.7 26.5 24.0
Se p te m b e r • • ♦ 33.8 13.2 32.4 14.5 31.8 17.8 31.9 18.7 26.8 23.2
O ctober 17.2 1.3 17.1 2.5 18.5 8.6 18.8 7.3 23.2 13.1

N o ve m b e r 1.2 - 1 9 .1 1.7 - 1 6 .3 6.6 - 1 1 . 3 7.5 - 1 0 . 6 13.5 -  0.5
D e cem b e r . . . -  4.2 - 2 9 . 9 -  4.5 - 2 6 . 5 -  4.2 - 1 8 . 6 -  3.7 - 1 7 . 6 0.2 -  6.3

A n n u a l . . . . . . 40.7 - 3 0 .4 33.5 - 2 6 . 0 31.9 - 2 1 . 0 26.8 - 1 7 .1
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TABLE 2A5-3d
M onth ly  and Annua l A ir  and Soil Temperatures in ° F, Thule, G reenland—  

Let 76° 33* N, Long. 68° 49’ W

A ir
Depth, ft

M o n th 1.09 2.18 3.28

M a x M in M a x M in M a x M in M a x M in M a x M in

1949
Dec 11.8 - 2 9 . 7 9.0 -  6.0 6.2 - 2 1 . 0 3.0 -  1.0 8.9 5.0

1950
Jan 12.6 - 3 4 . 6 -  3.1 -2 0 .2 - 1 0 .4 - 3 4 . 6 -  3.2 -  9.5 4.0 -  1.4
Feb 1.0 - 4 0 . 6 - 1 1 .2 -2 7 .8 - 1 5 .0 - 4 3 . 5 - 1 1 . 0 - 1 6 . 2 - 3 . 0 -  6.6
M a r 25.2 - 4 0 . 4 5.0 -2 4 .0 0.5 - 3 5 .0 -  6.6 - 1 8 .4 - 4 . 5 - 1 0 .5
A p r 28.0 - 3 2 .7 3.3 - 1 4 .0 11.0 - 2 3 . 8 -  4.2 - 1 0 . 4 1.1 -  3.8
M a y 44.0 - 1 0 . 8 17.8 6.5 36.0 11.0 7.7 -  1.0 8.4 -  4.0

June 50.1 24.6 66.2 48.0 80.0 42.5 32.0 26.9 31.2 26.1
Ju ly 58.8 25.7 66.6 54.5 60.0 43.2 38.2 31.0 34.0 32.7
A u g 51.2 27.7 70.0 50.0 58.0 41.5 37.2 34.0 34.6 34.1
S e p t 37.8 10.0 41.5 21.8 34.9 18.7 39.3 32.8 34.4 34.0
O ct 28.4 - 1 4 .1 27.8 12.8 21.2 -  1.2 21.7 19.6 29.6 28.0

N o v 30.5 - 2 9 .1 44.5 -  2.5 30.2 -  8.5 20.5 ' 10.4 24.0 10.0 .

A n n u a l 58.8 - 4 0 . 6 70.0 -2 7 .8 60.0 . , - 4 3 . 5 39.3 - 1 8 .4 34.6 - 1 0 .5

FIGURE 2A5-10
Therm al Regim e of G round  in °F at Skovorodino, Siberia, 1928-1930 I Ref. 30)
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TABLE 2A5-3e
M ea n  M onth ly  and A nnua l G round  Temperatures in °F, Siberia  I Ref. 231

Depth, m eters Pe rio d  of 
ob se rva t io n

Jan Feb M a r A p r M a y June Ju ly A u g S e p t O ct N o v Dec A n n u a l
(\d\ 54° 4 2 ' N  \
M o n g .  128° 52' e ;

1.5
(active  layer)  

2.0
(active  layer)  

2.8
(p e rm a fro st )

1910-1919 30.56 27.32 25.16 26.78 29.66 30.78 31.46 30.56 34.88 33.26 32.18 32.0 30.56

1910-1919 31.82 29.84 27.68 27.50 29.48 30.38 30.96 31.64 32.54 32.36 32.09 32.0' 33.12

1911-1919 31.64 31.91 29.84 29.12 29.48 30.20 30.78 30.96 31.28 31.46 31.64 31.64 30.78

Y la t  54° 0 5 ' N  \
V lo n g. 123° 5 1 ' E /

0.4
(active  layer) 1928-1930 8.78 8.60 14.92 26.06 32.54 44.16 51.26 53.24 45.32 34.70 28.04 16.32 30.38

0.8
(active  layer)  

1.6
(active  layer)

1928-1930 17.06 14.72 18.32 26.60 30.38 34.88 43.52 47.30 43.52 34.88 32.0 25.88 30.56

1928-1930 30.38 26.60 24.26 26.78 29.48 30.38 31.28 29.66 36.32 33.80 32.18 32.0 30.56
2.0

(active  layer)  
2.5

(p e rm a fro st )

1928-1930 31.28 28.68 26.24 27.32 29.30 30.20 30.78 32.0 33.80 33.08 32.18 32.0 30.56

1928-1930 31.64 31.64 30.20 28.64 29.66 30.20 30.56 30.78 30.28 31.64 31.64 31.64 30.96

well. I t  is realized th a t  a more com plicated ex­
pression is called fo r by theory , b u t the simple 
hyperbola gives such a close fit to  the observed 
data  th a t it  is th o u g h t wisest to  w a it u n til more 
da ta  are a t hand before a ttem p tin g  a more com­
plicated form ula. (R ef. 25.)

Figure 2A5-13 shows the therm al logs fo r three 
drill holes in the Point B arrow  area; F igure 2A 5-14 
shows the therm al regim e of ano ther d rill hole. 
Figure 2A5-15 shows a typical d rill log.

The reason fo r the change in grad ien t between 
600 and 700 f t  in Simpson No. 13 is not a t all 
clear. The g rad ien t does no t seem to corre la te  w ith

any m arked change in s tra tig rap h y , as evidenced 
by the d rille r’s log, nor is there  m ore th an  a vague 
suggestion of corre la tion  w ith  the electric logs. I t  
seems most probable th a t  the  sudden change in 
grad ien t is caused by a change in th erm al con­
du c tiv ity  in the e a r th  m aterials a t this dep th ,

F IGURE 2A5-11 F IG U RE 2A5-12
Température Variations With Depth I Ref, 2 5 1 " C oo ling  C u rve /' South Barrow  No. 3 I Ref. 2 5 1

2-46



TABLE 2A5-3f
Subsurface Temperatures in °F on Ross Shelf Ic e f North Side of C am psite , Little Am erica  I I I—

Lot 78° 34’ S f Long. 163° 56( W (Ref. 24)

Depth,
m ete rs

P e r io d 1

24 25 26 1 2 3 4 5 6 7 8

A ir 6.62 -  4.27 -1 7 .1 4 -2 9 .0 2 - 3 1 .5 4 -2 9 .0 2 - 2 9 .0 2 - 1 3 .7 2 -3 3 .1 6 -2 5 .0 6 -3 0 .4 6
S u r fa c e - 1 . 1 2 -  7.78 - 1 7 .6 8 -2 9 .0 2 -3 1 .5 4 - 3 0 .8 2 - 2 9 .9 2 -3 0 .2 2 -2 8 .6 6 -2 4 .3 4 -3 0 .6 4

Va . . . • * • -2 6 .8 6 -2 7 .5 8 - 3 0 .2 0 -2 3 .4 4 - 1 9 .8 4 -1 8 .4 0 -2 6 .5 0 - 2 5 .4 2
Vi . . . . . . - 1 4 .2 6 -2 0 .2 0 -1 4 .6 2 - 1 8 .2 2 -1 7 .8 6 -1 4 .9 8 - 2 3 .2 6 - 2 1 .2 8

1 9.32 4.18 0.40 -  4.18 -1 0 .8 4 -1 2 .1 0 -1 4 .9 8 - 1 5 .5 2 -1 3 .3 6 -2 0 .0 2 - 1 8 .9 4

2 3.74 3.74 -  1.12 -  1.30 -  4.00 -  6.52 -  8.14 -  9.76 -1 0 .1 2 -1 1 .9 2 - 1 3 .3 6
3 0.14 0.14 -  2.38 -  1.84 -  2.56 -  4.36 -  5.62 -  6.88 -  7.78 -  8.32 -  9.76
4 . . . -  2.02 -  2.74 -  3.64 -  4.72 -  5.80 -  6.52 -  7.24 -  7.96
5 - 4 . 0 -  3.82 -  4.54 -  4.18 -  4.36 -  4.54 -  5.08 -  5.62 -  6.34 -  6.70 -  7.24

10 ... - 1 0 .3 0 -  9.94 -  9.76 -  9.58 -  9.40 -  9.22 -  9.04 -  9.04 -  8.86 -  8.86

15 -  8.86 -  9.76 -1 0 .1 2 -  9.94 -  9.94 -1 0 .1 2 -  9.94 -  9.94 -  9.94 -  9.76
20 . . . -  8.68 -  9.04 - 1 0 .2 2 -  9.22 -  9.40 -  9.40 -  9.40 -  9.40 -  9.40 -  9.40
25 -  8.32 -  8.50 -  8.68 -  8.86 -  8.86 -  8.86 -  8.86 -  8.86 -  8.86 -  8.86
30 . . . ,.. -  8.32 -  8.32 -  8.32 -  8.32 -  8.32 -  8.32 -  8.32 -  8.32 -  8.32
36 ... -  7.78 -  7.78 -  7.78 -  7.78 -  7.78 -  7.78 -  7.78 -  7.78 -  7.78

41 ... ... -  7.06 -  7.42 -  7.60 -  7.60 -  7.60 -  7.60 -  7.60 -  7.60 -  7.60

Depth, P e r io d 1
m e te rs

9 10 11 12 13 14 15 16 17 18 19

A ir - 2 9 .3 8 -5 9 .9 8 -4 1 .6 2 -1 2 .6 4 -  9.04 -  7.42 9.50 9.86 15.62 26.60 19.04
S u r fa c e - 2 8 .6 6 -6 4 .8 4 - 3 2 .3 4 -  3.28 - 1 0 .3 0 -  3.10 15.44 16.34 25.70 32.18 26.96

Va - 2 4 .5 2 - 4 1 .0 8 - 3 8 .3 8 - 1 9 .1 2 - 1 8 .0 4 - 2 8 .3 0 - 1 2 .6 4 8.42 15.98 38.20 25.70
Vi - 2 1 .6 4 -3 0 .4 6 - 3 3 .1 6 - 2 1 .4 6 - 1 8 .4 0 - 1 2 .6 4 -  1.84 - 1 9 .1 2 10.58 18.50 21.02

1 - 1 9 .3 0 - 2 4 .1 6 - 2 9 .0 2 -2 2 .7 2 - 1 8 .5 8 - 1 4 .9 8 -  9.40 -  3.82 1.04 6.44 15.90

2 -1 4 .0 8 ' - 1 4 .9 8 - 1 8 .0 4 - 1 M 2 - 1 7 .5 0 - 1 5 .7 0 -1 2 .4 6 -  9.72 -  4.72 -  0.76 5.64
3 -1 0 .1 2 -1 0 .6 6 - 1 1 .7 4 -1 3 .3 6 - 1 4 .0 8 - 1 3 .7 2 - 1 3 .5 4 - 1 2 .6 4 - 1 1 .3 8 -  9.94 -  6.34
4 -  8.50 -  9.04 -  9.76 -1 0 .8 4 -1 1 .7 4 -1 2 .2 8 - 1 2 .4 6 -1 2 .1 0 - 1 1 .7 4 - 1 0 .8 4 -  9.40
5 -  7.60 -  7.96 -  8.50 -  9.04 -  9.76 - 1 0 .3 0 -1 0 .8 4 -1 0 .8 4 -1 1 .2 0 - 1 0 .8 4 - 1 0 .3 0

10 -  8.68 -  8.68 -  8.68 -  8.68 -  8.68 -  8.86 -  9.04 -  9.04 -  9.40 -  9.58 -  9.40

15 -  9.58 -  9.58 -  9.20 -  9.58 -  9.40 -  9.40 -  9.58 -  9.40 -  9.58 -  9.58 -  9.40
20 -  9.22 -  9.04 -  9.04 -  9.22 -  9.40 -  9.22 -  9.40 -  9.40 -  9.58 -  9.58 -  9.22
25 -  8.68 -  8.68 -  8.68 -  8.68 -  8.68 -  8.86 -  8.86 -  8.86 -  9.04 -  9.04 -  8.86
30 -  8.32 -  8.32 -  8.32 -  8.32 -  8.14 -  8.14 -  8.14 -  8.14 -  7.78 -  7.78 -  8.32
36 -  7.60 -  7.60 -  7.78 -  7.78 -  7.78 -  7.78 -  7.78 -  7.78 -  7.60 -  7.42 -  7.24

41 -  7.60 -  7.42 -  7.60 -  7.60 -  7.42 -  7.60 -  7.60 -  7.42 -  7.42 -  7.42 -  7.42

'In c lu s iv e  d a te s
24—  14 M a r  to  27 M a r
25—  28 M a r  to  10 A p r
26—  11 A p r  to  24 A p r  

1— 25 A p r  to  8 M a y

2—  9 M a y  to 22 M a y
3—  23 M a y  to 5 June
4—  6 Ju n e  to 19 June
5—  20 Ju n e  to 3 Ju ly

6—  4 Ju ly  to 17 Ju ly
7—  18 Ju ly  to 31 Ju ly
8—  1 A u g  to 14 A u g
9—  15 A u g  to 28 A u g

10—  29 A u g  to 11 S e p t
11—  12 S e p t  to 25 S e p t
1 2 -  26 S e p t  to 9 O ct
1 3 -  10 O ct to 23 O ct

14—  24 O ct to 6  N o v  18— 19 Dec to 1 Jan
15—  7 N o v  to 20 N ov 19— 2 Jan  to 20 Jan
16—  21 N o v  to 4 Dec
17—  5 Dec  to  18 Dec

although  th ere  is no proof w hatever th a t  this is so. 
(R ef. 25.)
2A5.I0 BODIES OF WATER AND PERMAFROST

I. T H A W IN G  EFFECT. W here there are 
perched lakes and m eandering stream s, many of 
the lakes over a period of tim e change the ir shape 
and size, and m eandering stream s change their 
courses by sloughing of hanks and erosion. In  
areas of th is type, w here g ran u la r  m aterials such 
as sand o r g ravel are present in any appreciable

am ount, the  beds of the m eandering stream s, and 
very  often  .the  bottom s of perched lakes and 
swam ps, are composed of thaw ed sand and gravel. 
Borings m ade by J. M. Fulton  on the Mackenzie 
R iver in C anada indicate th a t  the bed of the Mac­
kenzie is thaw ed . W hile m any islands in the 
M ackenzie are perm anently  frozen, some of these 
are perched on thaw ed gravel. D . W. M cLachlan 
reported  th a t  beds of some swamps in the v icin ity  
of P o rt Nelson, C anada, w ere frozen. (R ef. 27.)

Borings taken  on the beach a t C hurchill, C anada,
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TABLE 2A5-3g
A verage  Depth to Upper Surface of Permafrost

Location Latitude S u rfa c e K in d  of 
so il

Depth,
ft

A la s k a

P o in t Barrow 71° 18 ' M o s s L o a m y  sa n d 2 ±
F a irb a n k s 64° 50 ' M o s s S ilt 3 to  6

Kotzebue 66° 52 ' M o s s Peat, sand ,  
an d  g rave l 3 ±

N o m e 64° 30 ' M o s s Loam  a n d  
sa n d y  loam

3 to 4

W a le s 65° 37 ' S tr ip p e d S a n d 4 ±
N o rth w ay 62° 58 ' M o s s  and F ine s ilty 0 c

Peat sa n d 0 10 0

S ou th  of 
55°

[S a n d y  
| C laye y

9 to  12 
5.5 to  7.5

[P e a ty 2 to 3

[S a n d y 6 to 7.5
R u ss ia 62° \ C laye y 4.5 to 6

[P e a ty 1 .5 ±

N orth  of 
70°

[S a n d y  
\ C la ye y

3.5 to 5 
2 to 3

[P eaty 0.5 to 1

Thermal Logs Show ing  Perm afrost Depth 
IRef. 251

and sim ilar studies m ade on the Sew ard Peninsula, 
w here sand and gravel or sim ilar g ra n u la r  m ate­
rials are present, indicate th a t  bodies of w a te r  are 
usually  surrounded  by a n d /o r  superimposed on 
thaw ed m aterials. Such thaw ed m aterials are en-

FIGURE 2A5-14
Phase Lag in Thermal Regim e of Drill H o le  N ear  

Point Barrow , Alaska IR e f . 2 5 1

veloped in perm anen tly  frozen m aterials, as ind i­
cated in Figure 2A5-16. Because of this fa c t, a 
special investigation to  determ ine the ex ten t of 
thaw ed m aterials or the ex ten t of ta liks w ith  
respect to the surface  of perm anen tly  frozen  m ate ­
rials is recom m ended fo r all shore or near-shore 
installations.

2. M O D IFICA TIO N  FROM COM PACTION . 
In the Seward Peninsula area , w here the sea level 
was originally h igher th an  a t present, the plane of 
dem arcation betw een the th aw ed  m aterials and the 
perm afrost area im m ediately ad jacen t to  and near 
the thaw ed m aterials is ou tlined  in m any instances 
by a very tig h t g ra n u la r  m ateria l represen ting  a 
higher beach. An analysis of th is m ateria l showed 
th a t it contained m any fines and was tig h tly  com­
pacted by the jigg ing action of the  sea. Most of the 
m aterial was perm afrost. This m ay have been the 
resu lt of either or bo th  of the follow ing fac to rs.

( 1 ) Because of the high degree of com pac­
tion, the m ateria l was re la tive ly  im pervious to 
w ate r and was therefo re  resis tan t to the th aw ing  
action of m ig ra ting  w a te r.

(2) Because of the fineness of the m ateria l, 
its therm al con du ctiv ity  m ay have been sufficiently 
small so th a t it  rem ained frozen.
2A5.II VEGETATIONAL CLUES TO

PERMAFROST AND GROUND WATER

1. HUMMOCKS. T h ick  moss, cotton  grass tu s ­
socks, muskegs, and hum m ocky tu n d ra  in treeless 
areas indicate a w et zone above a th in  active layer,
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OUMALIK SOIL TEST NO. 9

402

4,080

DEPTH,
FT

- 0.8 -

- 2 .5 -

SOIL DESCRIPTION

PEAT, AAANY ICE LENSES PARALLEL TO SURFACE

I ICE WITH SOME SILTY CLAY STRATA GENERALLY 
|PARALLEL TO SURFACE, AIR POCKETS IN ICE

H ICÉ, NEARLY PURE GRANULAR, CONTAINS ICE POCKETS UP 
TO 5 MM, CONTAINS SOME VERY FINE ORGANIC MATERIAL

190

38

û  297 
3  101S  43 

149

û  34 

O  435 
21

£  25

* 25
UJ
X

O
to
Q£
UJI—
zQ
UJacz>to<
UJ

► -
zUJU

20

19

20 

18

17

10

Zou 15

17

£ 21 0

ICE WITH SOME CLAY, ICE LENSES ORIENTED NEARLY 
VERTICAL

CLAY, BLUE GRAY, ICE LENSES UP TO 0.5 MM, APPEARS 
COMPACT, STRATA OF BROWN PEAT AT BOTTOM 

• ICE AND PEAT, PEAT WELL DECOMPOSED

A
CLAY, BLUE-GRAY, NO ORGANIC MATERIAL, VERY FEW ICE 
LENSES

-19.5-

SILTY CLAY, STRATA WITH BROWN PEAT, MANY ICE LENSES
UP TO 0.5 MM PARALLEL TO SURFACE
SILTY CLAY, MANY ICE LENSES AND DIKES
CLAY AND SAND, MOTTLED GRAY AND YELLOW INTERSTITIAL
ICE ONLY, APPEARS COMPACT, STRATA WITH BANDS OF
CLAY UP TO 10 MM THICK
ICE, PURE WITH AAANY AIR BUBBLES AND SOME ORGANIC 
AAATERIAL AT BOTTOM

-20.3-
-21.3-

CLAY, MOTTLED BROWN-GRAY, CONTAINS SOME ORGANIC 
AAATERIAL, VERY FEW ICE LENSES, VERTICAL AND 
HORIZONTAL ICE LENSES

CLAY, MOTTLED BROWN-GRAY, ANGULAR CHERT PEBBLES,
FEW ICE LENSES TO 4 MM, DIKES TO 2 MM
CLAY, MOTTLED BROWN-GRAY, COMPACT, SOME ORGANIC
AAATERIAL, LONG VERTICAL DIKES, SOME LENSES TO 1 MM
CLAY, BROWNISH GRAY, COMPACT, ANGULAR CHERT
PEBBLES, FEW DIKES UP TO 7 AAM
CLAY, COMPACT, ICE LENSES UP TO 2 AAM
CLAY, GRAY, NO ICE LENSES, INTERSTITIAL ICE IS
GRANULAR
CLAY, GRAYISH BLACK, SOME CHERT PEBBLES, NO ICE 
LENSES
CLAY, GRAYISH BUCK, CHERT PEBBLES, ICE LENSES 1 MM 
THICK SPACED ABOUT 1 CM APART 
CUYISH SILT, GRAYISH BUCK, FINE-GRAINED, CHERT 
PEBBLES, FEW SAAALL ICE LENSES

-31.8

-34.4

SAME AS ABOVE EXCEPT NO PEBBLES 

CUYISH SILT, LIGHT GRAY, FEW THIN ICE LENSES 

SILT, COMPACT, DARK GRAY BACKGROUND WITH LIGHTER 
GRAY SPOTS, FEW VERY SMALL ICE LENSES

-37.0-

-38.8-

-40.0-

-41.7-
-42.5-

SILT, LIGHT GRAY, COMPACT, NO ICE STRUCTURES 

SILT, MOTTLED GRAYISH GREEN, COMPACT

[SILT, MOTTLED GRAYISH GREEN, TURNING DARK GRAY AT 
BOTTOM

SILT, BUCK-GRAY, TURNING BUCKISH GRAY AT BOTTOM 

COAL AND THIN UYERS OF SILT

19 SILT, DARK GRAY, COAL PEBBLES THROUGHOUT

-48.7-

25 SILT, DARK GRAY, AAANY VERTICAL ICE UYERS AND LENSES

l 50.0j

FIGURE 2A5-15
Drill Log N ea r Point Barrow, A laska lRef. 261

and very  poor drainage. This may be tru e  even 
te rraced  te rra in  w here each succeeding terrace  
m ay be as w et as the low er one. Figure 2A5-17 
illustra tes a type of te rra in  found frequently  in 
the A rctic  w here no tim ber is present. Imm edi­
ately  below the surface , b lack frozen m uck is u su ­
ally found. (See F igure 2A 5-1.) The hummocks 
shown in Figures 2A 5-17, 2A5-18, 2A5-19, 2A5-20, 
and 2A5-21 are the resu lts of intensive frost action 
and have developed in poorly drained perm afrost 
areas w here silty  and m ineral soils are present. 
Hum m ocks are found  on benches, sum m its, re la­
tively flat slopes, and in lowlands.

2. FORM ATION OF PEAT RIN G . Figure 
2A5-18 is a series of diagram m atic sketches show­
ing the evolution of a peat ring .

a. Stage, A — Unusually Warm Summer. In  
most areas, the dep th  of th aw  does not extend be­
low the base of the peat, b u t m ineral soil is thaw ed 
in a few  areas w here peat is exceptionally thin.

b. Stage B— Late A u tum n , Same Year. The 
thaw ed m ineral soil expands on freezing and 
breaks the th in  overlying cover of peat, in itia ting  
a fro st scar.

c. Stage C— Early A u tum n , Several Years 
Later. The fro s t scar has been enlarged by the 
shoving aside of peat a t the m argins of the bare 
soil area. The surface  of the scar expands upw ard  
as surface  layers of the soil freeze and expand. 
D ilation cracks (m in ia tu re  zellenboden) are 
form ed.

d. Stage D— Late A u tum n , Several Years 
Later. A fte r  the su rface  layers of soil have frozen, 
a h a rd  cover of frozen soil resists fu r th e r  uparch- 
ing. C ontinued expansion caused by the deeper 
layers of soil freezing is relieved by la tera l th ru s t­
ing. The ridge of peat is raised around  the bare 
soil center.

e. Stage E— Late A u tum n , Several Years 
Later. The ridge of perennially frozen ground 
beneath the peat ridge and the th ick  layer of sea­
sonally frozen g round  in peat a t the surface p re ­
ven t fu r th e r  w idening of the bare soil area by 
la te ra l th ru stin g . Instead , la te ra l expansion of the 
soil cen ter causes in trusion  of masses of silt in to 
the peat of the ridges, forc ing some of the peat to 
move in the, opposite direction  along the surface of 
the frozen  g round  beneath the  fro s t scar.

. f. Stage F— Summer^ Several Years Later. 
Seedlings of cotton  grass tak e  root a t the inner 
edge of the peat ridge.
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FIGURE 2A5-16
Borings on Beach, Oct. 3 to 10, 1929, Showing Effect of Sea on Permafrost, Churchill, Canada 

(Reproduced from unpublished plan by D. IV. McLachlan in the files of the Department
of Transport, Ottawa I IRef.27)

g. Stage G— Early A u tum ny Same Year. 
The bare soil has frozen several inches deep, bu t 
the soil beneath the tussocks is still thaw ed . L ateral 
expansion forces the freezing soil beneath the tu s­
socks, heaving them  u p w ard . The peat ridge is no 
longer affected by la te ra l th ru s tin g  from  the soil 
center.

3. TREES. D u rin g  reconnaissance, types of 
vegetation are o ften  valuab le clues to  perm afrost 
soil and drainage problem s. The follow ing are ex­
amples.

(1 ) Aspen are usually  found  on d ry , u n ­
frozen slopes.

(2 ) Spruce in a perm afrost area m ay indi­

cate frozen m ateria ls a few  feet below th e  moss 
cover.

(3 ) Birch indicates a th aw ed  zone in  or 
above the perm afrost.

(4) W here spruce and  birch  grow  in a 
perm afrost area, sm all ta lik s  yrill u sually  be found  
in the perm anen tly  frozen  m aterials.

( 5 ) Spruce and tam arack  stands m ay be 
found grow ing on frozen  m uskeg and moss- 
covered, .w ater-logged peat s tra tified  w ith  silt.

(6 ) Balsam and  poplar are confined to  sites 
ad jacent to  an active  zone th a t  has loose, sandy 
soil reasonably w ell d ra ined  and  usually  un frozen  
to  a dep th  of several feè t; o r these trees m ay indi-

2-50



FIGURE 2A5-17
Peat Rings on Valley Slopes I Ref. 281

TABLE 2A5-4
Analyses of Frozen Black Muck, Cripple Creek District, Fairbanks, Alaska
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V o id s  ratio, 
percent v o id s 63.9 49.8 55.2 64.3 65.3 59.0 73.2 60.0 82.0 52.7 67.7 66.7 80.8 65.3 57.4 63.2

M e ch an ic a l 
a n a ly s is ,  
percent  

by w e ig h t  
reta ined  o n :  

# 2 0  
# 4 0  
# 6 0  

# 1 0 0  
# 1 4 0  
# 2 0 0

0 .1
0.5
0.9
2.9

0 .1
0.3
0.6
2.1

0 .1
0.3
1.3

0 .1
0.4
2.5

0.2
1 .0
3.2 
5.0
8.2

0 .1
0.7
2.1
5.4
7.5 

11.4

0 .1
0.5
1.5
2.6 
4.9

0 .1
0.3
0.8
3.1

0.3
2.1
8.6

12.5
17.5

0.3
1.6
5.2

13.8
18.4
23.2

0.2
0.4
1.3
2.3 
5.1

0.1
0.2
0.4
0.7
1.9

0.1
0.2
0.7
1.0
1.9

0 .1
0.3
0.6
1.2
1.9
4.0

0 .1
0.2
0.6
1.1
2.8

0 .1
0.3
0.6
0.9
2.5

0.050 m m  
0.020 m m  
0.006 m m  
0.002 m m  

- 0 .0 0 2  m m

18.5
66.7 
93.9
97.7 

2.3

17.0 
62.4 
92.3
97.0 

3.0

15.0
56.6
89.6 
95.9

4.1

23.4
57.4 
92.1
98.4 

1.6

11.9
37.9 
83.1
95.9 

4.1

17.9
51.9
87.6
96.6 

3.4

14.9
56.9
90.8
97.9 

2.1

17.8
61.9 
91.4 
98.8

1.2

35.0
73.5 
90.3
98.5 

1.5

37.7
73.7 
93.6
98.8 

1.2

16.3 
62.0
92.4 
98.1

1.9

14.9
56.4
90.7
96.3

1.7

5.6 
29.4
77.3
93.4

6.6

17.4
58.3
90.4 
96.8

3.2

11.7
50.5
90.5
97.7 

2.3

11.9
47.7
90.7 
98.0

2.0

M o is tu re  ( in  
p lace ) percent 58.8 32.4 40.6 58.5 64.8 51.0 91.5 51.6 150.8 36.9 70.9 68.0 139.0 64.8 45.8 57.2

Sp ec ific  g ra v ity  
of g ra in s 2.71 2.75 2.73 2.77 2.61 2.53 2.69 2.71 2.71 2.72 2.65 2.73 2.72 2.61 2.64 2.69
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STAGE E

STAGE F

STAGE G

Km PEAT OR TURF SILTY
MINERAL SOIL

PERENNIALLY IM (IN fr o z e n  PEAT OR 
SOIL

yJYft  SEDGE SOD

SEASONALLY 
FROZEN PEAT OR 
SOIL

BIRCH OR 
WILLOW

»  W COTTON GRASS 
TUSSOCKS 0 SCALE 5'* * * *■ »

FIGURE 2A5-18
Form ation of Peat R ing IR e t . 28)

TABLE 2A5-5
Analyses of Frozen Reddish  Muck, Cripp le  Creek  

District, Fairbanks, Alaska

N o . 1 N o . 2 N o . 3

V o ids ratio, percent vo ids 58.0 5 1 .7

Mechanical analysis, percent by
w eight retained on

# 20 0 .1
# 40 0.2
# 60 o.i o.i 0.4
# 10 0 0.5 0.3 0 .7
# 1 4 0 1.3 0.5 0.9
# 200 2.9 1 .7 1 .7

0.050 m m 14 .5 1 1 .4 1 1 .7
0.020 m m 60.3 4 4 .1 44.3
0.006 m m 92.3 83.3 82.8
0.002 m m 98.2 96.0 95.9

-0 .0 0 2  m m 1.8 4.0 4 .1

M oisture (in -p la c e ), percent 45.3 3 4 .7 1 3 .7
Specific gravity of grains 2 .76 2 .78 2 .78

TABLE 2A5-6

Characteristics of G reenish  M uck, Cripp le  
Creek D istrict, Fairbanks , Alaska

S a m p le  1 
(o d o rife ro u s)

S a m p le  2 
(n o  o d o r)

A p p a re n t cohesion, Ib/s q  ft 560 600
An g le  of internal frictio n 15 ° 58' 28° 54'
Voids ratio 0.842 0.666
Percent voids 45.6 40.0

Mechanical an alysis, percent by 
weight retained on 

# 60 0 .1 0 .1
# 1 0 0 0.3 0.2
# 1 4 0 1.0 0.5
# 20 0 3.0 1.6

0.050 m m 30.2 25.2
0.020 m m 66.8 57.0
0.006 m m 82.8 85.9
0.002 m m 90.9 95.2

- 0 .0 0 2  m m 9 .1 4.8

D ry  base, percent
Hygroscopic m oisture 1.35 0.51
Liq u id  lim it 33.6 2 7 .7
Plastic lim it 2 4 .7 23.1
Plastic index 9.0 5.0
Sh rink ag e lim it 22.6 23 .1

Sh rink ag e  ratio 1.65 1.6 2
M oisture (in -p la c e ) 32.0 25.1
Specific g ra vity  o f grains 

(2.48  m uck organic m a tte r) 2.63 2.65

Pe rm e a bility , k , c m /d a y 0.59 0 .5 7
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FIGURE 2A5-19
H um m eeky Terrain, East Coast of G reen land

cate a fa u lte d  zone w ith  m oisture m igration to the 
surface  (F igu re  2A 5-22 ).

(7 ) W illows are  generally restric ted  to sites 
near bodies of w a te r  on fine or coarse-grained soil, 
w ith  p erm afro st in  m any cases a few  yards below 
the su rface .

(8 )  S crub  and  low  bushy willows occur in 
tu n d ra , w ith  perm afrost a few  feet from  the su r ­
face.
2A5.I2 SOIL

1. GEN ERAL. In  m any cases, i t  is essential th a t

the characteristics of the m aterials, as shown in 
Tables 2A 5-4, 2A 5-5, and 2A5-6, be determ ined 
from  in-place samples. (See also F igure 2A 5-27.) 
The m ethods of tak in g  such samples and their 
proper care  are discussed in  Section 2A2.

2. EXAMPLE: FAIRBANKS AREA, ALASKA. 
F igure 2A5-22 illu stra tes  an  in teresting  perm a­
fro st area  near Fairbanks, A laska. Before s tr ip ­
ping, tree  g ro w th  in areas A and C consisted of 
S itka spruce, w hich is typ ical of perm afrost areas 
in m any sections of A laska w here the  ground su r­
face consists of a moss covering underlain  w ith
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FIGURE 2A5-20
Hummocky Terrain N ear Fairbanks, A laska

F IGURE 2A5-21

Cleseup of Cotton G rass H um m ocks I  Ref. 281

frozen m uck. The dep th  of th e  active layer de­
pends on the disciplines of th e  area . W hen th ere  is 
a black frozen m uck  (a  w a te rb o rn e  deposit) p ro ­
tected  by a shallow active  layer, trees w ill readily  
be overtu rned  because of th e  absence of tap roots. 
Several observations in th e  a rea  suggested the 
existence of localized g ro u n d  w a te r  and , w hen 
tak en  together, th e  presence of a fa u lt  zone. (D rill­
ing and other fu r th e r  studies confirm ed these 
observations. )

Some ligh ter colored trees (pop lar, b irch , and 
w illo w ), shown by B in  F ig ure  2A 5-22, indicate a 
region w here the  m ig ra tion  of g rou nd  w a te r  from  
bedrock up  th ro u g h  a f a u lt  zone could be expected. 
(Bedrock was la te r  foun d  to  be ab o u t 300 f t  below 
the surface in th is region.) In  th e  fo reground  of 
the p ic tu re , w here adeq uate  d ra inage existed, there 
w ere m ostly poplars w ith  some b irch .

Investigation  revealed  th a t  anim al tra ils  led to  
salt licks among th e  trees located  a t  B. These sa lt
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A B C  D

FIGURE 2A5-22
Perm afrost Area, Cripple C reek  District, Fairbanks, Alaska

FIGURE 2A5-23
Thawed H o les in Frozen Surface of Sm all Lake N ear Fairbanks, Alaska
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FIGURE 2A5-24
Black and Reddish M ucks Near Fairbanks, A laska

FIGURE 2A5-25
Black M u ck  W ith Ice  Lenses N ear Fairbanks, A laska
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FIGURE 2A5-26
Reddish M uck  With Band of Volcanic Ash Near Fairbanks, Alaska

lick s  a lso  in d ic a te d  th a t  th ere  m ay  h a v e  been an  
u p w a r d  g r o u n d -w a te r  m o v e m en t.

In  a n u m b e r  o f  ca ses th r o u g h o u t  th e  area , 6 -in .  
ca sin g s  d r iv e n  th r o u g h  g r a v e l  to  b ed ro ck  p ro d u ced  
a r te s ia n  f lo w s  o f  w a r m  w a te r  c o n ta in in g  m eth a n e  
g a s. I t  w a s  a lso  o b ser v ed  th a t  d u r in g  co ld  w e a th e r  
m eth a n e  g a s  w a s  d isch a r g ed  th r o u g h  open holes in  
th e  s u r fa c e  o f  on e  o f  th e  la k es  in  th e  area  (F ig u r e  
2 A 5 - 2 3 ) ,  b u t  a ll  o f  th e  o th e r  sm a ll lak es in  th e  area  
w e r e  fr o z e n  so lid . T h ese  o b ser v a tio n s  ta k e n  t o ­
g e th e r  led  to  th e  c o n c lu s io n  th a t  th e  la k e  w a s  
lo c a te d  on  a f a u l t  zo n e  an d  th a t  th e  h oles in th e  
la k e  w e r e  p r o b a b ly  th e  r e su lt  o f  w a r m  w a te r  
m ig r a t in g  u p w a r d  th r o u g h  th e  f a u l t  zo n e  fro m  
jo in ts  in  th e  b e d r o c k , or th e  r e su lt  o f  w a te r  m o v ­
in g  on  th e  c o n ta c t  b e tw e e n  th e  b ed ro ck  an d  th e  
su p er im p o sed  m a te r ia ls .

D r i l l  co res  a n d  e x c a v a t io n s  sh o w ed  th e  p resen ce  
o f  tw o  g e n e r a l ty p e s  o f  m u c k  in  th e  area: (a )  a 
b la c k  m u c k  in d ic a te d  b y  A  and C  in  F ig u re  
2 A 5 -2 2  a n d  A  in  F ig u r e  2 A 5 -2 4 ,  an d  (b )  a red d ish  
m u c k  in d ic a te d  b y  D  in  th e  sam e fig u res.

B o th  b la c k  an d  red d ish  m u c k s  w e r e  p er m a n en tly  
fr o z e n . T h e  w a te r b o r n e  b la c k  m u c k  co n ta in ed

c le a r  ice  len ses , as i l lu s tr a te d  in  F ig u res  2 A 5 -1  an d  
2 A 5 -2 5 . T h e  d ep th  o f  th is  m u c k  v a r ied  fro m  a f e w  
f e e t  to  o v e r  2 0 0  f t .  T h e  red d ish  m u c k  w a s  w in d ­
b lo w n  a n d  c o n ta in e d  no ice  len ses, b u t  d id  co n ta in  
tw o  b an d s o f  v o lc a n ic  a sh , on e o f  w h ic h  is sh o w n  
in  F ig u r e  2 A 5 -2 6 . T h e  a v e r a g e  d ep th  o f  th e  re d ­
d ish  m u c k  w a s  1 2 0  f t .  U n d e r n e a th  w a s  a green ish  
m u c k , w h ic h  in  m o st ca ses w a s  th a w e d . T a b les  
2 A 5 -4  a n d  2 A 5 -5  sh o w  th e  a n a lyses  o f  th e  b la c k  
an d  red d ish  m u c k s . T a b le  2 A 5 -6  sh o w s som e o f  
th e  c h a r a c te r is t ic s  o f  th e  g reen ish  m u c k .

T h e  g r a v e l  b e tw e e n  th e  m u c k  and th e  b ed ro ck  
w a s  th a w e d . T h is  th a w e d  co n d itio n  re su lte d  from  
an  u p w a r d  m o v e m e n t o f  r e la t iv e ly  w a r m  w a te r ,  
u n d e r  h y d r o s ta t ic  h ea d , fr o m  th e  b ed ro ck  c o n ta c t  
a n d /o r  jo in ts  in  th e  b ed ro ck . T h e  g r a v e l w a s  
s tr a t if ie d , h a v in g  t w o  b a n d s o f  c la y . T h e  g rap h s  
sh o w n  fo r  W e lls  1, 2 , 3 , 4 ,  1 2 , 15 , an d  18 (F ig u r e  
2 A 5 - 2 7 )  are r e p r e s e n ta t iv e  o f  th e  g r a v e l b e lo w  th e  
red d ish , g r een , a n d /o r  b la c k  m u ck  in  th e  C rip p le  
C reek  d is tr ic t .  (S ee  F ig u r e  2 A 5 - 2 2 .)  F ig u re  
2 A 5 -2 7  in d ic a te s  th e  m ec h a n ica l a n a ly sis  o f  th e  
g r a v e l  in  th e  F a irb a n k s  a rea .
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Section 6. FOUNDATIONS

2A6.0I GENERAL CRITERIA

Foundations in the  Cold Regions m ust fulfill all 
requ irem ents of foundations for a similar purpose 
in the  T em perate Zone. In  addition, fu ll considera­
tion  m ust be given to  the  disciplines in the area and 
to  the th erm al regim e determ ined by these dis­
ciplines. A consideration of these disciplines will 
indicate the effect of the construction on the 
th e rm al regime. The proper design of foundations 
in perm afrost areas m ust m ake practicable the 
m aintenance of th e  th e rm al regime in the area d u r­
ing  the  life of the  s tru c tu re , except th a t  the 
th e rm al regim e m ay be locally a ltered  du ring  con­
s tru c tio n  if adequate  provision can be made for its 
reestablishm ent.

The principa l fac to rs  th a t  m ay cause an a lte ra ­
tion  in the  th e rm al regim e are the following.

(1 ) Change in  th e  surface  a n d /o r  subsurface 
flow of w a te r . (See Sections 2A5 and 2A7.)

(2 ) Change in  the  cover.
(3 ) C hange in  the hea t sinks or heat sources 

present in the area.
(4) C hange in pack ing  of the m aterials.
F igure  2A6-1 indicates the effect on the perm a­

fro s t tab le  of piling coarse gravel and rocks on the 
g rou nd  su rface  in a perm afrost area. Figures

2A6-2 and 2A6-3 illu s tra te  the effect of heated and 
unheated  s tru c tu re s  on a perm afrost table. This 
effect m ay be m ateria lly  modified by the movement 
of g round  w ate r.

F IG U RE 2A6-1
A ggradation  of Perm afrost Under Tailings Pile 

N ear Fairbanksf Alaska

Aggradation  of Perm afrost Under Unheated  
Structure

2A6.02 METHODS OF CONSTRUCTION IN 
PERMAFROST AREAS

T here are tw o general methods of construction  
in perm afrost areas— active and passive. W here 
the active m ethod o f construction  is used, some of 
the perm afrost m ay be elim inated because i t  is not 
used fo r its s tru c tu ra l  value. W here the passive 
m ethod is used, sufficient perm afrost is preserved 
to  be used fo r m axim um  s tru c tu ra l value. In  some 

' instances this s tru c tu ra l  value has been increased 
by refrigera tion . (See Section 2A8.) N O T E : These 
definitions of active and passive construction  differ 
som ew hat from  those used by certa in  o ther authors. 
The proper developm ent of a project m ay indicate 
the advisability  of using bo th  methods in the same 
area. For exam ple, i t  m ay be advisable to  use the 
active m ethod fo r ligh t construction  such as 
tem porary  barracks, b u t i t  is usually  more adv an­
tageous to  use the passive m ethod for the founda-
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FICMJRE 2AA*3
Q egm datian  a t P erm afrost Under Sam e  

S fra e fg re  W hen H eated
tions o f  lieayy s tru c tu re s  «nob as largo  hangars, 
warehouses, pow crplants, and so on.

1. ACTIV E C O N STR U C TIO N .
a. G eneral. This type of construction  is 

used on ta liks and  has m any fea tu re s  common to 
construction  in  th e  T em perate Zone. T aliks are 
usually  in  snore open pack ing th an  sim ilar m ate- 
r id #  in the N o rth  T em perate Zone; therefore , it  is 
recom m ended th a t ,  in m ost cases, the bearing  power 
o f  th e  m aterials in  place be ca re fu lly  studied . In 
order th a t  a safe p rac tica l bearing  value m ay be 
determ ined, such studies should include investiga­
tions regard in g  th e  deform ation o r the settlem ent 
resu lting  from  repetition  of load. (See par. 
2A9.02.) An analysis should he made to  determ ine 
w hether o r net the  m aterials w ill be sufficiently 
consolidated  by the proposed developm ent to  cause 
aggradation  of the perm afrost. Such consolidation 
m ay change the m ovem ent of ground  w a te r  in the 
im m ediate v icin ity  of the foundation , w hich may 
resu lt in icing or th e  developm ent o f additional 
u p liftin g  forces.

b. Flotation* M any taliks are subjected to 
seasonal and  cyclic changes of the ground  w ate r

and m ay a t times be en tire ly  subm erged. Because 
seasonal changes in g rou nd  w a te r  in perm afrost 
areas are m uch more freq u en t and less eviden t th an  
in the Tem perate Zone, it  is im p o rtan t th a t  con­
sideration be given to  the  hy d rau lic  u p lif t  pressure 
to  w hich the s tru c tu re  m ay be sub jected, especially 
during  construction  w hen the  foundations m ay no t 
be sufficiently loaded to  p reven t flotation. D u rin g  
the construction  of tw o  pow erplants in the F a ir­
banks region, provision w as m ade fo r flooding the 
basements to p reven t flotation in the even t th a t  
high w a te r  m ade th is necessary. E lectrica l equ ip­
m ent was no t placed in the  basem ents u n til v u l­
nerab ility  to  flo tation  w as elim inated.

c. Stras* Distribution. O n large fo u n d a­
tions of the slab type, even th ou gh  the loads are 
uniform ly d istribu ted  over the area of a homo­
geneous mass, the  stress d is tribu tio n  in  the sup­
porting  m aterials w ill no t be un iform . The ten d ­
ency for settlem ent or com paction w ill be g rea te r 
a t the center th an  a t the perim eter, and w eaker 
soils, even a t considerable depths below the foo t­
ing, m ay be affected by the load d istribu tions 
developed in the m ateria ls  im m ediately above them . 
This is p a rticu la rly  im p o rtan t in  ta liks because of 
the usual open paeking and because of the possi­
bility  of perm afrost agg rad a tion  w hen packing is 
changed. A ny d irec t load and settlem ent tests 
made on a ta lik  m ate ria l, in or near the surface  
th a t is to  be loaded, are only indicators of the 
probable bearing value to  a few  feet in depth. 
These indicators m ust be ca re fu lly  in te rp re ted  in 
term s of the charac teristics and  the  packing of the 
existing m aterials in place, the  disciplines to w hich 
these m aterials are sub jected , and  the size, c h a r­
acter, and im portance o f  the  s tru c tu re  to be sup­
ported.

d. Load Distribution. Loads on foundations 
th a t are supported on ta liks should p referab ly  be 
so arranged  th a t  the cen ter o f  g ra v ity  of all loads 
(Uve and dead) w ill coincide, as nearly  as possible, 
w ith  the een ter of g ra v ity  of the foundation . The 
slab should he con struc ted  so th a t  the loads w ill be 
uniform ly d is trib u ted  to  the supporting  m aterials 
in term s of the ir expected deform ation u n der load. 
W here it is im practicab le  by a rran gem en t of the 
load to reduce as m uch as desired the m om ent arm  
between the centers of g ra v ity  of the loads and 
their supporting  area, it  m ay be advisable to  extend 
the foundation as ind icated  in F igure  2A 6-4, w here 
ABCD represents the area of the slab requ ired  to
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support and tran sm it the to ta l load (both live and 
dead) to  the foundation  m aterials. The center of 
g rav ity  of the area ABCD is indicated by E, and 
the cen ter of g rav ity  of all loads to be supported on 
the slab ABCD is indicated  by F. In this case an 
extension, BGHC, was constructed . This extension 
and the fill m ateria ls above it did not reduce the 
m om ent arm  the desired am ount; therefore, a plane 
of weakness w as incorporated  in the slab design, 
indicated  by IJ. Each section of the slab, th a t is, 
A IJD  and IG H J, w as designed so th a t if there were 
settlem ent, each section w ould  settle uniform ly and 
independently  of the o ther because the loads on 
each resu lted  in equal d istribu tion , in term s of 
deform ation, of the m aterials supporting each sec­
tion of the slab.

Slab  Foundation Plan Show ing Plane of 
W eakness

2. PASSIVE C O N STR U C TIO N . The m ainte­
nance of the th erm al regim e, as emphasized in par. 
2A6.01, is p a r tic u la r ly  im p ortan t w here passive 
construction  is used. In  general, du ring  construc­
tion , or as a resu lt of construction , some of the 
facto rs determ in ing  the  therm al regime will be 
altered . For exam ple, construction  usually  results 
in some change in cover because of increased com­
paction or rem oval of cover. There m ay also be 
com paction of the m ateria ls below the cover. Such 
fac to rs as changes in com paction, in terru p tion  of 
w a te r  channels, or the establishm ent of new chan­
nels because of b lasting  and other operations m ay 
change the flow of w a te r. Also, any heated s tru c ­

tu re  acts, of course, as a heat source. Because 
there  are alm ost alw ays some changes of the type 
outlined above, i t  is alm ost alw ays necessary to 
tak e  special precautions w here passive construction  
is used, to  assure th a t  the therm al regime is not 
perm anently  altered  or tem porarily  a ltered  in an 
irreparab le  w ay. Five examples follow.

Example 1
Figure 2A 6-5a illu stra tes  a perm afrost te rra in  

before construction . F igure 2A 6-5b illustra tes a 
type of foundation  successfully used on such te r ­
rains w hen reasonably good drainage and m aterials 
of rela tively  open packing are availablè. Before 
adopting this type of foundation  fo r passive con­
struc tion , a very  ca re fu l s tudy  of the subsurface 
drainage and g ro u n d -w a te r  conditions existent in 
the area is recom m ended.

Sections a t MM and ÔO in Figures 2A6-5a and 
2A6-5b are assumed to  be represen tative of condi­
tions before the su rface  was disturbed . These sec­
tions consist of m oss-covered vegetation plus 
active-zone m aterials. T  is the hydrau lic  channel 
th a t  m ust be m ain tained for drainage o ther th an  
surface flow. The in su la ting  and hydraulic  prop­
erties of any sections such as AB and CD in Figure 
2À6-5b m ust be equal to  or g rea ter th an  these 
properties a t MM and OO in Figures 2A6-5a and 
2A6-5b. I t  w ill be noted th a t  because of the in ­
creased rise in perm afrost under the s tru c tu re  as 
shown a t D (F igure  2A 6-5b ), the w a te r  moving 
dow nhill w ill back up, as indicated; the therm al 
diffusivity a t sections such as GH is therefore 
changed from  th a t  a t MM (F igure 2A 6-5a). The 
developm ent of sufficient hydrostatic  head m ay 
cause overflow (Section 2A 7), or the change in 
therm al diffusiv ity m ay cause a change in the 
perm afrost level a t G. To avoid either of these, 
the apron or in su la ting  m aterials on the surface 
should be extended beyond the point H  so th a t the 
therm al and hydrau lic  properties w ill be the same 
as a t MM and OO.

Example 2
If  the s tru c tu re  shown in F igure 2A 6-5b is such, 

or is so constructed , th a t it  w ill supply heat to  thte 
supporting  m aterials in sufficient q u an tity  to  de­
stroy , over a period of tim e, the supporting  perm a­
frost, and if the estim ated life of the s tru c tu re  is 
sufficiently long so th a t  serious dam age or undue 
settlem ent w ould resu lt, then provision m ust be
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FIGURE 2A6-5o
Section in Equilibrium Under Area  Disciplines

m ade to  dissipate the heat from  the s tru c tu re . This 
has been accomplished in m any w ays, one of which 
is to  insert pipes in the supporting  m aterials 
th ro ug h  w hich a ir  m ay be therm ally  or artificially 
c ircu la ted  in sufficient q u a n tity  to  dissipate the 
excess heat (F igure  2A 6 -6 ). W hen conducto r pipes 
are installed as shown, consideration should be

given to prov id ing fo r th e ir  d rainage if  th ere  is a 
tendency fo r w a te r  to  accum ulate  in the  pipes 
du ring  periods of high w a te r  or from  o ther sources.

Example 3
Figure 2A 6-7 is adap ted  from  D ep artm en t of the 

A rm y Technical B ulletin  5-255-3 w ith  a few

FIGURE 2A6-5b
Foundation Design To M ainta in  Equilibrium Show n  in Figure  2 » i-5 a
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Corrugated  Pipe for Ventilation To M aintain  
Thermal Equilibrium I Ref. 29)

m odifications. (R ef. 29.) In  this case an airspace 
is provided betw een the floor and the active zone 
so th a t  excessive heat from  the s tru c tu re  may be 
dissipated.

Example 4
M any sa tisfac to ry  foundations in perm afrost 

areas have been con struc ted  by preparing  a sub­
base fo r  the foundations on nonswelling g ranu la r 
m aterials supported  on perm afrost. The critical 
size fo r such m ateria ls  is covered in Table 2A6-1. 
This type o f sub fo un dation  construction  is usually 
accomplished by lay ing  o u t an area somewhat 
la rg er th a n  th a t  requ ired  fo r the foundation  of the 
s tru c tu re . All active-zone m aterials w ith in  this 
area are th en  rem oved, the  excavation being ca r­
ried in to  th e  perm afrost. Backfilling w ith  coarse­
grained nonsw elling m aterials should rapid ly  fol­
low the  excavation . I f  the excavation is made 
d u rin g  the  w arm er m onths, the backfill should be 
placed and com pacted in  a m anner th a t  w ill resu lt 
in a m inim um  am ount of thaw ing  of the exposed 
perm afrost.

This m ethod of p rov id ing  a good foundation is 
excellent, prov ided the design is such th a t the 
th erm al regim e of th e  supporting  and confining 
perm afrost w ill no t be un du ly  d istu rbed  in the

Typical Design of Structures To M ainta in  
Perm afrost by Insulation and Ventilation

fu tu re . In  the design and construction  of this type 
of foundation , a tten tio n  is specifically directed to 
F igure 2A 6-6 and to  Section 2A8.

Example 5
F igure 2A6-8 illu stra tes  a footing in perm afrost 

w hen the passive m ethod of construction  is used. 
Factors to  be noted in the footing are as follows.

(1 ) Frost b a tte r , B.
(2) P recast concrete slab, wood m at, or 

gravel fill, A , to  provide fo r dissipation of heat 
(heat of hy d ra tio n ) d u rin g  the cu rin g  period of 
the concrete pier or w all.

(3 ) Sand and gravel backfill a round  footing 
to  assist in  m inim izing any possible u p lifting  force 
caused by freezing of m aterials around  footing.

(4 ) A irspace to  dissipate heat from  the s tru c ­
tu re  and assist the disciplines of the area in m ain­
tenance of th e  perm afrost.

(5 ) C lay fill to  provide proper drainage and 
d iv ert surface  w a te r  from  footings.

(6) Louvers, C, to  provide ven tilation  of a ir ­
space.

Several o ther examples of both active and passive 
construction  are given in Section 2E1.
C A U T IO N : W henever perm afrost is used fo r its 
s tru c tu ra l  w o rth , provision m ust be m ade so th a t
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TABLE 2A6-1
Limits Betw een Frost-Heaving and Nonfrost-Heaving Soil I Data from  G u n n a r  Beskow, Soil Freezing and Frost Heaving With Special Application to Roads and Airfields) (Ref. 30)

So il g rou p S o il fo rm ation
A v e ra g e

diam eter,
Percent p a ss in g  th rou gh

C ap illa rity , K F, H ygro scop ic ity

0.062-m  sieve 0.125-m  sieve
m ete rs va lue , W hm m

N o n fro st-h e a v in g  u nder S e d im e n t 0.1 < 3 0 < 5 5 <1
an y  c ircum stance M o ra in e < 1 5 <22 <1

F ro st-h e av in g  on ly  at S e d im e n t 0.1 to 0.07
surface  and  for very  
high  grou n d  w ater M o ra in e 30 to 50 1 to m

Sam e, except affects 
w h ole  road b ase  for 
very  h igh g rou n d  w ater

S e d im e n t
M o ra in e

0.08 to 0.05
15 to 25 22 to 36 VA to 2 Vi

N o rm a lly  fro st-h e a v in g  
and  liab le  to fro st  
bo ils  for g ro u n d  w ater

S e d im e n t < 0 .0 5 > 5 0 2 to 20 < 5
( l ^ - m  d e p th s )  

M o ra in e  
(1 -m  d ep th )

> 2 5 > 3 6 2 to 20 1 to 4

F ro st-h e av in g  c lay  but 
not liab le  to bo ils S e d im e n t 20 a n d  ab ov e 5 to 10 (p ro b a b le )

N o n fro st-h e a v in g  
stiff c lay S e d im e n t U n k n o w n 10 (p ro b a b le )

Foundation Section Used  in Permafrost Area  
(Passive M ethod l

d u ring  the life of the s tru c tu re  the  m aterials com­
prising the perm afrost w ill be m ain tained as 
perm afrost unless the  m ateria ls  are such th a t  in a 
thaw ed state  they  w ould  also be s tru c tu ra lly  satis­
factory . (A frozen bedrock or a tig h tly  com pacted 
and un iform ly frozen gravel, w ith  no excess of 
frozen w a te r  in the  voids, w ould  have app rox­
im ately the same s tru c tu ra l  values in bo th  the 
frozen and th aw ed  states.)
2A6.03 FROST BATTERS

Frost b a tte rs  are usefu l in foundation  con struc­
tion to help overcom e the  effect of the forces caused 
by the increase in volum e from  freezing of certa in  
m aterials in the active  zone. The use of these b a t­
ters is illu s tra ted  in F igure 2A 6-9. An em pirical 
b a tte r  of 1 f t  to  3 in. is recom m ended, a lthough  a 
b a tte r  of 1 f t  to  2 in. has been successfully used.
2A6.04 DRAINAGE

D rainage and subdrainage, including the use of 
French drains, are  discussed in detail in Section 
2A7.
2A6.05 PILES AND PILING

1. TYPES. Piles used in perm afrost areas m ay 
be wood ( trea ted  or u n tre a te d ) , steel (hollow or
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s tru c tu ra l  shapes), or precast concrete. U nder 
su itable conditions and  disciplines, • m aterials in 
place m ay be frozen  and used as piling for the 
tra n s fe r  of loads th ro u g h  an active zone to undis­
tu rb e d  perm afrost.

2. PL A C IN G  PRECA UTIO NS. Piles used in 
perm afrost areas w here taliks (par. 1 of 2A6.02) 
are present m ay be driven  or even je tted , although 
je ttin g  is no t recom m ended except in situations 
w here the  disciplines in the  area affecting the piles 
are sim ilar to  those of the Tem perate Zone. For 
exam ple, i t  m ay be advisable to  use jets to  assist in 
p lacing piles w here they  pass th ro ug h  a confined 
qu icksand to  a firm  support below the quicksand.

a. Jetting, W herever je ttin g  is resorted to, 
the r e tu rn  w a te r  from  the operation should be 
ca re fu lly  w atched . I f  there  is any indication th a t  
the w a te r  is no t com ing to  the surface as an tici­
pated , an investigation  should be made to de ter­
mine w h eth er or no t a channel is developing th a t  
w ill p erm it th e  fu tu re  m ovem ent of ground w ater. 
Such a change in th e  g ro u n d -w ate r movement m ay 
resu lt in  a change in the  local therm al regime of 
the area and should be ca re fu lly  evaluated .

W hen je ttin g  is used, provision should be made 
so th a t  openings in the  piling, if  any, can not be­

come filled w ith  w a te r  th a t  m ight f reeze and cause 
ru p tu re  of the pile.

b% Driving in Taliks. W hen piles are driven 
in taliks, the com paction resu lting  from  the driv­
ing reduces the perm eability  and may change the 
g ro u n d -w ate r m ovem ent; consequently, there may 
be subsequent changes in the  local therm al regime 
of the  area th a t  w ill cause aggradation  of the 
perm afrost.  ̂ i

c. Driving in Dry Permafrost. Files, espe­
cially m etal piling, m ay sometimes be driven in to 
d ry  perm afrost. (See par. 3 of 2A6.05, w ith  re fe r­
ence to  the safe bearing loads for such piling.)

d. Setting Piles. W hen piles are used in 
perm afrost, they are  usually  set in holes previously 
prepared in the perm afrost. The holes m ay be 
drilled, excavated  by hand, or prepared by th aw ­
ing the perm afrost w ith  steam  or using some other 
suitable m ethod. (See par. 3 0 * 0 2 .)  The pilings 
are freq uen tly  set in the colder m onths of the year, 
and the insu la ting  covering to  the perm afrost is 
not replaced u n til the m aterials surrounding  the 
piles have had an op po rtun ity  to back freeze in 
place.

W hen this m ethod of setting  piles in perm afrost 
is used, consideration m ay be given to placing the 
piling, if  wood, b u t t  down.

e. Effect of Water. W hen piles are set or 
placed in perm afrost,, consideration m ust be given 
to the possibility of surface  or subsurface w a te r  
finding its w ay to  the piling and. down along the 
con tac t betw een the piling and the surrounding  
m aterials. This w a te r  m ay cause a breaking of the 
bond developed th ro u g h  adfreeze, as indicated in 
F igure 2A6-10, w here the  movement of w a te r is 
indicated  by the arrow s A a n d /o r  B. The move­
m ent of surface w a te r  is represented by A, and the 
m ovem ent of w a te r  from  w ith in  the active zone or 
a t the con tac t betw een the active zone and the 
perm afrost by B. W ater m ig ra ting  to  the base of 
the pile m ay freeze in successive layers, as indicated 
a t C, causing u p lif t, or it  m ay th aw  some of the 
m aterials supporting  the  pile, perm itting  sub» 
sidence.

f. Pile Spacing. In  taliks and w here the 
perm afrost has been thaw ed and remains thaw ed, 
pile lengths and spacings should be the same as in 
the m ore tem perate  zones fo r sim ilar loads, m ate­
rials, and conditions, of packing. In perm afrost, 
how ever, a slightly  different problem  is presented. 
The pile tran sfe rs  its load to  the perm afrost as an
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FIGURE 2A6-10
W ater M ovem ent A round  Pile in Permafrost 

Area

end-bearing pile aided by adfreeze. L ittle  is know n 
regard ing  the value of adfreeze in its ability  over 
a period of tim e to  help and  continue to  help dis­
tr ib u te  the load from  a pile or group of piles. (See 
par. 2 of 2A 9.02.)

The m inim um  spacing of the  piles should be such 
as to  d is tribu te  the load adequately  to  s tra ta  of 
perm anently  frozen m aterials capable of resisting 
such stresses w ith o u t undue  settlem ent or displace­
m ent. W here the perm afrost consists of stratified 
m aterials of va ry ing  pack ing and ice con ten t, care 
should be exercised so th a t  piles are a sufficient 
length  to  d is trib u te  the load m ost advantageously 
to  the m aterials m ost capable of resisting the load. 
In  this connection a perm anen tly  frozen, g ran u la r 
m ateria l in close pack ing, and w ith  a sa tu ra tion  
not exceeding 100 percent, w ould probably dis­
tr ib u te  the stress in a m anner som ew hat sim ilar to 
a m ild sandstone, b u t the stress d istribu tio n  of a 
m ateria l w ith  an ice sa tu ra tio n  g rea te r th an  100 
percent w ould approach th a t  of pu re  ice.
C A U T IO N : As illu s tra ted  in F igure 2A5-16, 
perched taliks are usually  present a t shore and off­
shore installations in  perm afrost areas. W here this 
condition exists, i t  is, of course, im p o rtan t th a t  the 
stress d istribu tio n  w ith in  the soil from  any load- 
bearing pile or group  of piles is no t u n d u ly  affected

by the con tact betw een the  frozen  and u n fro zen  
m aterials. i3. BEARING POW ER. In  some perm afrost
areas the safe load fo r a pile is th e  safe load devel­
oped because of the pen etra tio n  in to  th aw ed  m ate ­
rials, supplem ented by the  sup po rt th a t  the m ate­
rials m ay receive because of th e ir  p rox im ity  to  
perm afrost. Such a safe load, how ever, m ay n o t be 
the load th a t should be used in  designs w here piles 
are supported only by perm afrost or are  d riven  in 
taliks w ith  no perm afrost support. (See p ar. 1 of 
2A9.02.) *

The load sustained by the  perm afrost and  the  
thaw ed m aterials varies w ith  th e ir  respective de­
form ations, and the  to ta l sustain ing  pow er is no t 
the sum m ation of the  tw o  w hen each acts inde­
pendently , because th e  deform ations u ltim ate ly  re ­
sulting  from  the  load v a ry  w ith  the c h a rac te r  of 
the supporting m aterials.

The bearing pow er of the piles in some instances 
m ay be increased by im proving or ex tending the 
adfreeze. (See p ar. 1 of 2A 9.02.)

The energy-delivered m ethod fo r ev a lu a tin g  the  
safe load for pilings in th aw ed  areas (Ref. 10, 
p. 497) m ay be used to  determ ine the safe load fo r 
pilings in taliks. H ow ever, as soon as agg rad ation  
takes place or perm afrost develops near the piling, 
the energy-delivered m ethod of ju dg ing  the safe 
load on the piling can no longer be used.

The energy-delivered m ethod of evalua ting  safe 
loads m ay be used and  relied upon fo r piling d riven  
in to d ry  perm afrost only in the very  special case 
w here there is no change w h a tev e r in the  perm a­
frost and the co n tac t betw een th é  piling and the  
m aterials in to w hich the piling is driven. (See par. 
2 of 2A9.02.)

As shown in F igure 2D 2-6, g round  w a te r  has a 
tendency to  m ig ra te  along the  co n tac t surfaces of 
different m aterials. A ny such m ig ration  on the 
con tact betw een the  piling and  the  d ry  perm afrost 
w ould probably, over a period of tim e, destroy the 
indicated load-bearing va lue  of th e  piles.

4. CO NCRETE PILES. W herever reinforced 
concrete piles are used in th e  Cold Regions, p rov i­
sions should be m ade (especially in  the zone of the 
active layer and above th e  g rou nd  su rface) fo r the 
concrete to  be of such a n a tu re  th a t  m oisture w ill 
no t penetra te  in  sufficient qu an tities to  cause 
spalling of the concrete by freezing  of the m oisture 
or ru sting  of the re in fo rc in g  steel. (See C hap ter 3, 
P a r t  E.)
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5. U PLIFT. Consideration m ust be given to. the 
u p lif t o f piling  from  the  forces developed by the 
freezing  of all or p a r t  o f the  active layer. In  Figure 
2A 6-11, th e  orig inal g rou nd  surface is represented 
by A. The pressure caused by freezing of the 
whole or a portion  of th e  active zone m ay resolve

Uplift Force on Pile From Freezing of Active  
Zone

Pile in Equilibrium U nder A ction  of Forces

itse lf in to  a vertica l and horizontal force; the re­
su lta n t of these tw o  forces is represented by R, the 
vertica l com ponent tend ing  to  cause u p lift of the 
pile. The follow ing m ethods to  avoid such up lifts  
have been used.

The pile shown in F igure 2A6-12 has sufficient

FIGURE 2A6-13
A n ch o r  Pile Used In Permafrost Zone

FIGURE 2A6-14
Piles Show ing  Co lla r or Muff To M inim ize Uplift
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FIGURE 2A6-15
Refrigerating Pile Used in Point Barrow  Area, A laska  I Ref. 261
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penetra tion  below the  active zone, A, so th a t the 
adfreeze or fric tio n , w hichever applies in appli­
cable zone, C, plus load, P, w ill provide ample 
resistance to  overcom e th e  th ru s t resu lting  from  
the force, R.

F rench drains (p a r. 2 of 2A 7.04), w hen properly 
installed, have been very  effective. The purpose of 
such drains, in respect to  the u p lift on piling, is to  
reduce the  m oisture con ten t of the active zone a t 
the tim e of fro s t penetra tion  to  such an ex ten t th a t 
the resu lting  th ru s t  from  the freezing in the active 
zone is no t g rea t enough to  cause up lift.

A nchored piles (F igu re  2A 6-13) m ay also be 
used so th a t  the piles can  w ith stand  the u p w ard  
th ru s t  from  freezing  or swelling ground. The in ­
sta lla tion  of anchors requires excavation and back­
filling, w hich resu lts  in th e  developm ent of g reater 
co n tac t planes fo r  the m igration  of w a te r  than  in 
the m ethods previously m entioned.

A jack e t, m uff, or collar of wood, ta r  paper, 
b rush , or o ther m ate ria l (F igure 2A6-14) may be

Section 7.

2A7.0I GENERAL

Properly  designed and constructed  drainage 
facilities are v ita l to  the success of any im portan t 
p ro ject, and con struc tion  should not be undertaken  
u n til provisions fo r adequate drainage have been 
m ade. Experience in perm afrost areas has shown 
th a t  the  m ost sa tisfac to ry  drainage systems are 
those th a t  least in te rfe re  w ith  the n a tu ra l move­
m ent of w a te r. W herever practicable, therefore, 
sites are selected to  m inim ize the am ount of w ork. 
(See Section 2A 2.) E arly  recognition of potential 
d is tu rban ce  to  th erm al equilibrium  is im portan t, 
b u t lack  of reliable d a ta  freq uen tly  m ay make it 
impossible to  p red ic t undesirable effects. For this 
reason, in sta lla tio n  of drainage facilities should be 
m ade as fa r  in advance of the construction as pos­
sible so th a t  difficulties can be discovered and cor­
rected  before perm anen t dam age has been done. 
D u rin g  con struc tion , add itional drainage facilities 
should be prov ided , as required , to  prevent in te r­
ference w ith  the  w o rk  by accum ulations of w ate r, 
m ud, and ice.
2A7.02 SURFACE DRAINAGE

1. DESIG N  C R IT E R IA . A stu dy  of the m axi­
m um  probable ra te  of snowm elt in m any A rctic

used to  reduce the effect of the up lifting  force on 
the pile. In  m ost cases the effectiveness of this 
m ethod is of very  lim ited du ration .

6. REFRIG ERA TIO N . M aterials in place may 
be frozen and used as piles or as a supplem ent to 
o ther piling, th us form ing a composite pile, usually 
of steel and m aterials in . place. (For methods of 
estim ating required  refrigera tion , see Section 2A 8.) 
These frozen pillars have been used in the stabiliza­
tion of banks and also as load-bearing piles to  
tran sfe r  loads to  the un d istu rbed  perm afrost.

F igure 2A6-15 illu stra tes  a refrigera ted  pile suc­
cessfully used by A rctic  con tracto rs in no rthern  
Alaska. The use of this type of piling in  the pres­
ence or v icin ity  of ta liks, or w here the norm al 
tem p era tu re  of the perm afrost is g rea ter th an  
31 ° F, is not recom m ended unless ca refu l control 
factors are established fo r the m aintenance of 
proper tem p era tu re  equilibrium . (See Section 
2A8.)

DRAINAGE

areas, assum ing the w orst conditions, indicates th a t 
fo r each region in the perm afrost area, the ra te  of 
snowm elt is not g rea te r th an  the probable 1-hour 
ra in fa ll. (R ef. 21.)

Because of vary ing  conditions, it  is alw ays diffi­
cu lt to  determ ine su rface  runoff and in filtration  
rates. In  the Cold Regions the problem  is compli­
cated by the presence of perm afrost, glaciers, and 
o ther phenomena pecu liar to  the regions. U nder 
these conditions, the design of surface drainage 
facilities should be based on w hatever clim atic in ­
form ation is available, as w ell as on the size and 
appearance of the n a tu ra l drainage channels and 
the topography of the w atershed area. Such ap­
proxim ations, how ever, are undesirable in the 
case of airfield design because of the danger of 
underdesign and disastrous consequences. I f  tim e 
perm its, a ca re fu l s tu dy  of rain  in tensity , snow­
m elt, and o ther pertinen t factors should be made 
fo r the p a r tic u la r  area w here the airfield is re ­
quired. If , how ever, th is is not p racticable for sites 
in v ita l fo rw ard  areas, overdesign can usually  be 
justified. (Ref. 31.) (See par. 2C1.04.)

2. SURFACE STRUCTURES.
a. Open Channels. Open channels are used, 

w henever p racticable, to receive ou tfa ll flow from  
operating  areas, from  w hich it is removed by means
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of adequate crow ns or transverse slopes. Such 
channels should be capable of handling all surface 
drainage from  the  com pleted operation, as w ell as 
w a te r  in tercep ted  from  higher g round  adjacen t to 
the site and g round  w a te r  in tercepted  during  
excavation. Open channels are p referred  to  covered 
s tru c tu res  because they are easier to  co n stru c t and 
m aintain . U n dergrou nd  storm  drains are rarely 
used, except a t locations w here open channels 
w ould create an operating  hazard . W ide, shallow 
channels, a lthough  less sub ject to  erosion th an  deep, 
na rro w  ones, are difficult to  m ain ta in  in fine- 
tex tu red  frost-ac tion  m aterials containing ice 
lenses. Silt, w hen thaw ed , w ill become plastic and 
semifluid, and unless counterm easures are taken, 
open channels in  such m aterials w ill slum p and be­
come inoperative. Deep, n a rro w  channels w ith  
re latively  sm all exposure to  the atm osphere w ill be 
less suspectible to  slum ping, and th e ir  dep th  will 
allow free flow of w a te r  fo r a longer period in the 
late  fa ll th an  w ill shallow ones. Erosion and slum p­
ing of channels m ay be checked by lining their 
sides and bottom  w ith  moss, if available, or w ith  
o ther m aterials. A t every oppo rtun ity  drainage 
w a te r  should be discharged from  collection ditches 
to ou tfalls leading to  n a tu ra l drainage channels, 
because the m ore rap id ly  surface  w a te r  can be dis­
posed of the less chance there  is fo r seepage into 
the  subgrade. W here runoff is silt laden, special 
care m ust be given to  velocity to  p reven t silt 
deposition w ith in  the facilities. Excessive velocities 
and tu rbu lence should be avoided or counterm eas­
ures should be taken . (R ef. 32.)

b. Culverts. C u lverts  should be large 
enough to  c a rry  the m axim um  am ount of w a te r 
th a t  m ay flow th ro u g h  them  u n der flood condi­
tions. Deep, na rro w , or egg-shaped sections are 
preferab le because the additional dep th  allows a 
free flow of w a te r  un der low -tem pera tu re  condi­
tions longer th an  do square or round  sections. 
C u lverts  are usually  construc ted  of logs, tim ber, 
or co rrugated  steel; b u t they  are often  improvised, 
to  save tim e and  tran sp o rta tio n , by w elding to­
gether a num ber of oil, gasoline, or asphalt drum s. 
Care should be tak en  in  using a to rch  or o ther tools 
on gasoline or fuel oil d rum s unless they  have been 
com pletely em ptied and the  fum es rem oved. C ul­
v e r t placem ent in  the Cold Regions should, in 
general, conform  to  usual practice  unless de­
p a rtu res  are necessitated by local conditions. On 
long cu lverts  in  locations w here bad icing condi­

tions are encountered, th e  A laska Road Commission 
has found it  advisable to  con tro l such icing by 
installing  in the cu lv erts , p rio r to  freezeup, pipes 
of relatively sm all d iam eter, ca rry in g  th e ir  ends 
ou t and up to  easily accessible locations along the  
roadw ay. The ends are capped to  p reven t p lugging  
by condensation. C ontro l of ice can then be accom ­
plished by a ttach in g  a line from  a mobile steam  
boiler. On short cu lverts , w hich are  accessible fo r 
the ir fu ll length, perm anen t steam -line in stallations 
are unnecessary. A relief c u lv e r t is sometimes 
installed by the A laska R oad Commission n ear the  
top of large fills above the  icing height. Such an 
installation w ill handle spring  runoff u n ti l the  
lower cu lv ert thaw s open. (R ef. 31, 33.)
2A7.03 SUBSURFACE DRAINAGE

1. GENERAL. The fu nc tion  of subsurface  
drainage is to in te rcep t and  collect de trim en ta l 
ground w a te r  and  to  convey i t  to  preselected dis­
charge points. S ubsurface drains serve as a chan­
nel fo r ground  w a te r  from  or a roun d  construc tion  
sites and po ten tia lly  troublesom e icing areas, o r 
they m ay be installed  to  d iv e rt g round  w a te r  be­
fore i t  can rise in to  th e  subgrade o r to  the  su rface  
of the operating  area. I t  is extrem ely  im p o rtan t 
to m ain tain  the co n tin u ity  of flow of g round  w a te r. 
In te rru p tio n  or d is tu rban ce  of the  flow m ay cause 
settling, heaving, fo rm ation  of fro s t or ice m ounds, 
icefields, erosion, and  o ther problem s. E xcavation , 
cu ttin g , filling, g ro u n d  com paction, and o ther con­
struc tion  activities m ay re ta rd  or stop the flow of 
g round w a te r  and  re su lt in one or several of these 
situations. For th is reason, th e  necessity fo r  th o r­
ough study  of the area  and  an  endeavor to  p red ic t 
the effect of every  con struc tion  operation on the  
n a tu ra l m ovem ent of g rou nd  w a te r  are em pha­
sized.

2. DESIGN C R IT E R IA . Design c rite ria  fo r 
underground  drainage sometimes are difficult to  
establish. For each problem  i t  is necessary to  con­
sider the type of flow involved, its ra te , w h eth er i t  
is in te rm itten t o r con tinuous, th e  head u n d er 
w hich it is operating , the effect on the th erm al 
regime of all m ateria ls  involved because o f w a te r  
or a ir  m ovem ent th ro u g h  th e  drainage system, and 
the ex ten t to  w hich all o f these fac to rs  m ay change 
d u ring  and a f te r  th e  con struc tion  of the facilities. 
U nderground  d ra inage  s tru c tu re s  should be de­
signed and located so th a t  fro s t penetra tion  w ill 
not affect th e ir operation . Slope should be suffi-
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cient to  assure as h igh  a velocity as is practicable 
th ro u g h o u t the  system , b u t not less th an  2l/i  fps 
fo r sm ooth pipe. (See also par. 2A7.04.) O utfalls 
should discharge above possible backw ater levels.

3. C O N TR O L BY DRAINA GE. The following 
th ree exam ples illu s tra te  the  application of d ra in ­
age m ethods to  situations typical of those com­
m only encoun tered  in  perm afrost areas.

Example 1
In p rov id ing  a siphon crossing in a valley in  a 

perm afrost area  ad jacen t to  the C hatan ika R iver 
near F airbanks, A laska, the 60-in. pipe of the 
siphon w as ca rried  on pile bents 8 to  12 f t  above 
the moss th a t  covered the  bottom  of the valley. 
The in sta lla tio n  of these piles created  a w eak spot 
in the moss cover. T he w a te r, m oving below the 
frozen cover and  above the  perm anently  frozen 
m aterials of the  valley , slowly developed a t the 
siphon crossing a  hyd rosta tic  head sufficient to  
cause the  w a te r  to  b reak  th ro ug h  the frozen moss 
cover (w here it  had  been weakened because of the 
piling) and  overflow  onto  the surface. Because of 
the  exposure to  th e  cold a ir of w in te r, the w ate r 
form ed in successive sheets of ice, as shown in 
F igure 2A 7-1. H eaving  of some of the pile bents

also occurred  d u rin g  the first and second w inters 
because the  w a te r  froze in the active layer. (See 
F igure 2A 6-11.) A t this crossing, and a t  others 
w here sim ilar situations developed, the installation 
of French drains in m any cases wholly corrected 
the trouble . A t the  end of these drains, w eak spots 
w ere provided in the  moss cover below the siphon 
crossings. M any of the siphons have now operated 
fo r 23 years w ith o u t a recurrence of trouble  from  
icing o r heaving.

Example 2
Poorly drained operating  areas, such as roads 

and runw ays sub ject to  heavy traffic and kep t 
clear of snow in the  w in te r, are p a rticu la rly  sus­
ceptible to  fro s t boils and soft spots, w hich often  
develop d u ring  the spring thaw . Frost in these 
cleared areas penetrates deeper th an  under the side 
slopes and shoulders and thaw s sooner and faster 
in the  spring th an  does the frost under the snow- 
pro tected  shoulders. This th aw ing  directly  beneath 
the  su rface  of the  operating  area produces an ex­
cessive am ount of w a te r  th a t  is unable to  escape 
th ro u g h  the still-frozen  subgrade m aterials. A l­
though  the surface  m ay be d ry  and dusty , holes 
m ay develop and, as the c ru s t is churned by traffic,

FIGURE 2A7-1
Icing at Siphon  Crossing Near Fairbanks, Alaska
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the gravel becomes a semifluid mass. T haw ing of 
the underly ing frozen m aterials by steam m ay be 
attem pted , b u t it is an expensive procedure and 
its success depends on the perm eability of the sub­
grade m aterials w hen they are thaw ed. A method 
th a t has successfully elim inated such a condition is 
the use of a French or sim ilar d ra in  of required 
dimensions to cu t th ro ug h  the troublesom e spot 
and conduct the en trapped  w a te r  to ou tfa lls  or 
collection ditches discharging into outfalls.

Example 3
An example of a troublesom e condition th a t can 

develop a t the toe of a fill is illu s tra ted  by Figure 
2A7-2. (A) of this figure indicates the ground
surface before and a f te r  placing the fill. The hori­
zontal arrow s represent ground  w a te r moving 
th rough  the m aterials of the active layer and on 
the contact between the active layer and the 
perm afrost table. A fte r  the fill has been placed, its 
w eight may compress the m aterials of the active 
layer and reduce the ir w a te r-ca rry in g  capacity ; 
also, the insulation, value of the moss and the active 
layer m aterials is reduced by com paction, so th a t 
frost penetration d u ring  the w in te r m onths may 
increase, as shown in (B ), to the ex ten t th a t w a te r 
can no longer flow. The reservoir of w a te r col­
lected above the obstruction  may back up the slope 
for a considerable distance. (See also Figure 
2A6-5b.) The hydrostatic  head and pressure so 
developed m ay be sufficient to cause a b reak­
th rough  a t some w eak point upstream  from  the 
obstruction , resu lting  in the icing conditions indi­
cated in (B). These situations have been remedied 
by installing French drains of the required  length 
upstream  and dow nstream  from  the toe of the 
slope. The am ount of area to  be protected  and the 
subsurface conditions a t the various sections along 
the toe of the fill w ill determ ine the num ber and 
sectional area of drains th a t will be required .

2A7.04 DRAINAGE STRUCTURES

1. U N D ERG RO U N D  STORM DRAINS. The 
usual m ethod of collecting surface w a te r  runoff is 
by side ditches. (See par. 2a of 2A 7.02.) U nder­
ground storm  drains w ith  catch  basins, however, 
are occasionally installed when open ditches are 
hazardous to air operations or for o ther reasons. 
Piping for this service m ay be of asbestos cement, 
creosoted wood stave, or ru s t-res istan t steel.

GROUND SURFACE 
BEFORE PLACING FILL

FILL

A GROUND WATER MOVING THROUGH SATURATED 
ACTIVE ZONE

ICING

Q ACTIVE ZONE COMPLETELY FROZEN AT OR NEAR 
TOE OF FILL DUE TO COMPACTION

C DRAINAGE PROVIDED BY FRENCH DRAIN

F IGURE 2A7-2

Troublesome Cond ition  Developed at Toe of Fill

Ceramic tile is no t recom m ended for insta lla tion  in 
perm afrost. U n derg rou nd  storm  drainage pipes 
should be installed  below the active zone and 
should be laid w ith  closed joints. In  passing 
th ro ug h  perm afrost, the pipe should be su rrounded  
on all sides by a cushion of sand or o ther suitable 
bedding and insu lation . A coarse backfill is then
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laid  over th is m ateria l and thoroughly tam ped 
(F igure  2A 7-3). (Ref. 21.)

G rad ien t of drainage pipes should be sufficient 
to  give the w a te r  a m inim um  velocity of 2*/2 fps in 
o rder to  avoid the accum ulation of silt. When 
sufficient g rade is not available, the bottom  of 
ca tch  basins can be m ade low er than  the bottom  of 
the pipe in v e rt to  allow  fo r the collection of silt. 
(R ef. 34.)

a. Catch Basins. C atch  basins discharging 
in to  low er ditches or piping are usually  located 
along the lines of the side drains an d /o r  in the low

in terio r sections of the operating  area for rem oval 
of surface  runoff. They are commonly constructed  
of tim ber or wood staves, b u t concrete m ay be used 
if  the additional expense is w arran ted . Sides of 
ca tch  basins below the pipe invert should slope 
in w ard  to provide relief fo r forces caused by the 
freezing of w a te r  th a t  m ay collect in the silt clean­
ou t pockets. W ood-stave ca tch  basins are common 
in the Fairbanks area. Covers should be removable 
for access and should be heavy enough to support 
the m axim um  antic ipated  wheel load.

2. FR EN C H  DRAINS. French drains are inex­
pensive to co n stru c t and are sometimes useful in 
m ain tain ing the con tinu ity  of subsurface drainage 
in an area. Flow of subsurface w a te r  m ay be re ­
ta rd ed  or ob struc ted  by the local advancem ent of 
frost in the active zone because of the rem oval of 
snow a n d /o r  com paction caused by a superimposed 
load, such as a fill, or by trav e l over the surface by 
trac to rs , sleds, or even men on skis.

a. Application. In F igure 2A7-4, A repre­
sents the g round  surface before local com paction 
of the cover; B indicates elevation of the ground 
surface a f te r  com paction. Such com paction m ay 
cause not only a restric tion  of the w a te r  channels 
of the active zone, C, b u t also a reduction  of the 
insu lating  value of the cover in the com pacted 
area. Removal of snow in the w in ter w ill fu r th e r  
reduce the in su la ting  value of the cover.

In m any drainage areas the active zone, C, w ill 
be sa tu ra ted  or nearly  sa tu ra ted  in the fall of the 
year, w ith  w a te r  slowly m oving th ro ug h  it as ind i­
cated by the arrow s in F igure 2A7-4. A fte r  the

FIGURE 2A7-4
Saturated  Active Zone Show ing Flow Restriction  by Com paction
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FIGURE 2A7-5
Saturated Active  Zone Show ing French Drain Installation

freezeup, the m ovem ent of subsurface w a te r  con­
tinues in the active zone and on the con tac t be­
tw een the active zone and the perma£0bst, bu t, 
inasm uch as no more surface  w a te r  can en te r d u r­
ing this period, the w a te r  tab le slowly falls. Be­
cause of increased therm al conductiv ity  of the 
cover im m ediately below the area indicated  by B, 
the freezing in this com pacted section progresses 
more rapid ly  and penetrates to g rea te r dep th  than 
in the adjacen t und istu rbed  area of the active zone, 
and m ay pen etra te  sufficiently deep to  in terfere  
w ith  t£je flow of subsurface w a te r  in the section 
below B. The obstruction  of the flow m ay cause 
hydrostatic  pressure to  develop in this section; the 
pressure m ay be sufficiently g rea t to cause a ru p ­
tu re  of the frozen cover and an overflow of w ater, 
as illu s tra ted  in (B) of F igure 2A7-2. In  these cases 
a French drain  may be useful in increasing the 
w a te r-ca rry in g  capacity  of the active layer 
th ro u g h  the section below B and in re ta rd in g  the 
depth of penetration  of the frost. This kind of 
d ra in  may be constructed  as indicated in Figure 
2A7-5. The cross section is shown in F igure 2A 7-6. 
H ere, E and F represent m ix tures of sand and gravel 
graded and packed so as to  p ro tec t the coarse m ate­
rial, G, from  in filtra tion  of fines from  below and 
above. G represents a care fu lly  placed and selected 
coarse m aterial, so graded th a t  the resu lting  voids 
w ill be sufficient to provide w a te r  channels equal 
to or g rea ter th an  those orig inally  existent in C of 
F igure 2A7-4. A tten tio n  is d irected to par. 3 b of 
2A7.04 regard ing  the selection of graded  filter 
m aterials to p reven t the detrim en tal m ovem ent of

soil from  the sides and bottom  of the trench . In  
certain  soil types this is most im portan t.

b. Operation. A fte r  the freezeup, the fro s t 
slowly penetrates the active zones, C and J, adv anc­
ing a t a more rap id  ra te  a t J  th an  a t C because of 
the increased con du c tiv ity  of J. W hen the fro st 
reaches the w a te r  ru n n in g  in the coarse m ateria l, 
G, the w ate r in E w ill have frozen and a layer of

F IGURE 2A7-6
Cross Section  XX of French Drain in 

Figure 2A7-S
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ice w ill be form ed a t H . As the ground w ate r 
drops and  the d ra in  is no longer runn ing  full, the 
fro s t continues to  pen e tra te  the active zone around 
th e  d ra in , b u t i t  is re ta rd ed  inside the drain be­
cause of the en trap ped  a ir in the coarse m aterial 
betw een the su rface  ice, H , and the surface of the 
w a te r , K, in the d ra in . The therm al conductiv ity  
o f the com pacted m ateria l, J , plus the sand and 
gravel cover, E, plus the ice sheet, H , plus the filter 
m ateria l, G, w ith  its en trapped  air, is less than  the 
th e rm al co n d u c tiv ity  of the adjacent section in the 
active layer from  w hich no snow has been removed 
and  a t w hich no com paction has occurred; it thus 
provides a d ra in  th a t  w ill perm it movement of sub­
su rface  w a te r  a t the  c ritica l area as long as such 
w a te r  continues to  flow th ro u g h  a portion of the 
active zone, C, th a t  rem ains unfrozen or on the 
co n tac t betw een C and the perm afrost.

c. Location of Laterals. Laterals to the 
d ra in  should be con struc ted  so th a t protection con­
tr ib u te d  by the ice sheet, H , is retained; therefore, 
they  should en te r the low er portion of the drain  
betw een H  and F.

d. Sloping Sides. A trench  of the shape ind i­
cated  in F igure 2A 7-6 is preferable to one w ith  
v ertica l sides because the depth and velocity of 
flow, w hen only a sm all am ount of w ate r is m ov­
ing, w ill increase as the w id th  of the bottom  is 
narrow ed ; also, sloping sides provide some relief to 
the forces c rea ted  by the w a te r  freezing, which 
m ay be of some assistance in preserving the sides 
of the tren ch  d u rin g  the freezeup period.

e. Additional Requirements. To operate 
successfully, F rench drains m ust be designed and 
installed  so the voids existent in the coarse m ate­
ria l, G, w ill no t become obstructive  to the passage 
of w a te r  because of sedim ent, ice, moss, or some 
other clogging m ateria l. In  order to help in accom­
plishing th is, i t  is advisable to design and install 
the drains so th a t  the  upper section of the coarse 
m ateria l, G, w ill be in the active zone.

T here is o ften  a possibility th a t, because of a fill 
or o ther s tru c tu re , the perm afrost table may rise 
(F igure 2A 6-1) and w holly surround  the drain , 
as shown in (C ) of F igure 2A7-2. In  this case, con­
tin u ity  of airspace m ust be provided for those 
times w hen the  d ra in  is not runn in g  fu ll. This 
perm its m ovem ent of fu tu re  w a te r  th ro ug h  the 
drain  so th a t  ice, w hich m ay have accum ulated  
d u rin g  the colder m onths, can be removed by the 
w a te r  flow ing th ro u g h  d u ring  the w arm er season.

3. BASE COURSE A N D  IN TER C EPTIN G  
DRAINS. Subsurface drains of the types illus­
tra te d  in F igures 2A 7-7 and 2A7-8 are often used 
u n der or ad jacen t to  the side of an operating area 
to  provide drainage fo r the base course layer or to 
collect and dispose of subsurface seepage from  
springs or o ther sources. P erfo ra ted  pipes, w ith  the 
joints closed, are placed below the depth of frost 
penetra tion  and ca re fu lly  laid to specified grades. 
Perforations m ay be e ither up  or down, depending 
on the type of area being drained. If  the w ate r 
tab le to be controlled or lowered is continuous and 
level, the pipe is laid w ith  perforations down to 
minimize in filtra tion  of fine m aterials and to m ain­
ta in  hydrau lic  efficiency. W hen drainage w ate r 
m ust pass over u n sa tu ra ted  pervious s tra ta , the 
pipe is laid w ith  the perforations up so th a t its 
low er ha lf provides a w a te r  channel and prevents 
in filtra tion  of the drainage w a te r into the pervious 
m aterials. I f  the pipe is laid w ith  the perforations 
up, the pipeline should be set deep enough to place 
the holes below the w ater-bearin g  s tra ta . (Ref. 
31.) P erforations should be sm aller th an  the 
sm allest stone in the m aterials surrounding  the 
pipe. O pen-jo int pipes are not recommended in 
perm afrost because of the possibility of the open­
ings becoming covered w ith  ice. D rains of this 
type should, w hen practicab le , be backfilled w ith  
a selected filter m ateria l m eeting the requirem ents 
listed in the follow ing paragraph . F requently , 
how ever, it  m ay be necessary to backfill w ith  w h a t­
ever g ran u la r  m aterials are available even though 
they m ay lack the com plete requirem ents of ideal

FIGURE 2A7-7
Base Course  Drain (Ref. 341
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filtering m aterials. Concrete aggregates can u su ­
ally be graded so as to  perm it w a te r  to enter the 
drain , yet p reven t m ovem ent of soil from  the 
trench  sides.

a. Combination Drains. D rains of the type 
indicated in F igures 2A7-7 and 2A7-8 are some­
times modified by su b stitu tin g  coarse gravel for 
the im pervious top layer to perm it en trance of su r­
face runoff. Such m odification, how ever, may 
resu lt in a decrease in efficiency of the drain  and 
necessitate periodic cleaning of the pipe. (Ref. 34.)

b. Filtering Material. The m ateria l for 
backfilling subsurface drains m ust be very  care­
fu lly  selected. I t  m ust perm it w a te r  to en ter the 
drain , b u t it m ust p reven t the detrim en tal move­
m ent of the su rro un d in g  soil, w hich causes clog­
ging of drains and settlem ent of overlying surfaces. 
The use of a filter m ateria l is most im p ortan t when 
the soil to be protected  is a cohesionless or slightly 
plastic fine sand or silt. A desirable filter m ate­
rial should meet the follow ing requirem ents as 
determ ined from  gradation  curves. Percentage 
sizes define the diam eter of the soil g ra in , w hich is 
larger than  the diam eters of the given percentage 
of grains. T hus, a 15-percent size is la rger than  
15 percent of the soil grains. The follow ing ratios, 
added to referenced te x t fo r c larity , should govern.

( 1 ) W hen soil to  be protected  is well
graded

15-percent size — filter 
8 5-percent size — protected  soil =  less than  5

15-percent size — filter 
15-percent size — protected  soil more than  2 5

(2) W hen soil to be protected  is uniform
15-percent size — filter 

8 5-percent size — pro tected  soil less than  4
15-percent size — filter ,—-------------- ;---------------------z----n - more than  515-percent size — protected  soil

(3) Relationship between filter m aterial 
and openings in pipe

8 5-percent size — filter 
size of perforations in pipe =  more than  2

(Ref. 31)
4. W ARM TH R E T E N T IO N  MEASURES. Spe­

cial methods m ust be used to  p ro tect shallow d ra in ­
age s tru c tu res  from  freezing and form ing nalyed 
(su rface icing) a t undesirable points. Tw o of these 
methods are illu s tra ted  in F igure 2A 7-9. Drains 
of this type are useful in d raw ing  w a te r  aw ay

FIGURE 2A7-8
Intercepting  Drain I Ref. 341

from  a n a tu ra l icing area (fo r  exam ple, a roadw ay 
fill or freeze belt) to  a selected induced icing area. 
(See par. 2 of 2A 7.05.) (R ef. 9.)
2A7.05 ICING

1. OCCURRENCE. G round  w a te r, forced 
from  the ground or from  fra c tu re s  in rock fo rm a­
tions du ring  w in te r, m ay spread and freeze in 
successive layers in to  fields of surface  ice. These 
icefields occur as long as w a te r  is forced to  the 
surface to feed them ; if no t controlled, they m ay 
cover large areas w ith  ice several feet in thickness 
and jeopardize the stab ility  and use of co n stru c­
tion installations in th e ir  v icin ity . An exam ple 
of seepage icing caused by d istu rbance of the 
therm al equilibrium  of the subsurface  by co n stru c­
tion ac tiv ity  is il lu s tra ted  in F igure 2A7-1. A 
m ethod of elim inating it is dem onstrated  in F igure 
2A7-10. N O T E : The tren ch  w as filled a f te r  a 
French drain  had been con struc ted  in its bottom . 
The original icing, sim ilar to th a t  shown in F igure 
2A7-1, has not recu rred  since the drain  was b u ilt 
25 years ago. A tten tio n  is d irected  to the siphon 
crossing in the distance.

Seepage icing, how ever, is caused more often  by 
n a tu ra l processes of the hydrologic regime th an  by 
hum an ac tiv ity  and m ay occur w henever seepage 
or subsurface flows are forced to  the surface d u r ­
ing w in ter. Form ations of the ice masses v a ry  
unpred ictab ly  w ith  g rou nd , w a te r , and w ea ther 
conditions.
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FIGURE 2A7-9
In su lated  Drainage Structures Designed  To Prevent Freezing I Ret. 91

F IG U RE 2A7-10
Prevention of Seepage  Ic ing  at Siphon Crossing

The severity  of the w in te r, the direction of ex­
posure, the n a tu re  of the season p rio r to the freez­
ing, w hether w et or d ry , the am ount of snow fall 
and w h eth er it falls early  in the season or late— all 
are co n trib u tin g  fac to rs to w ard  resu ltan t icing 
possibilities. (R ef. 33.) The fac t th a t  serious icing 
conditions or po ten tia l icing conditions are know n 
to exist should be considered in the selection of sites 
fo r roadw ays, airfields, and o ther facilities. Ex­
posure is sometimes sufficient to  p reven t rapid  
freezing on sou th -facing  slopes, b u t on n o rth ­
facing slopes the tendency is to w ard  complete 
freezing. Icings, therefore, are more severe on 
sou th -facing  slopes because of the more prolonged 
flow of g round  w a te r. Location of facilities on 
sou th -facing  slopes or near their bases should be 
avoided unless it  is app aren t th a t icing, if i t  does 
occur, can be sa tisfac to rily  controlled.

O u tfa lls , on the o ther hand, should w hen pos­
sible te rm inate  on sou thern  slopes w ith  th e ir outlets 
p ro tected  from  the  cold a ir  by an insulating  cover 
of b rush  or snow. (R ef. 33.)

2. SURFACE-ICE CO NTRO L. I t  is sometimes 
possible to  elim inate n a tu ra l icing conditions en­
tire ly  by d ivertin g  the  flow of w a te r  close to  its 
source. This type of con tro l can be used effectively 
w hen the  g round  w a te r  flows near the surface and 
can be in tercep ted  a t  some distance from  the 
operating  area. O ften  such w a te r  w ill re ta in  suffi-
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cient la ten t heat to  keep it  from  freezing u n til it 
reaches its n a tu ra l discharge point, especially if the 
drainage canal is covered w ith  brush  sufficiently 
th ick  to support an in su la ting  b lanket of snow.

A nother m ethod, w hich is freq uen tly  used when 
it  is possible to in tercep t the flow of g round w ate r 
a t some distance from  the operating  area, is to 
induce icing a t a selected site. This can be accom­
plished by clearing the selected area of its vegeta­
tion cover and rem oving the topsoil, using this 
m aterial to  form  a simple im pounding dike, w hich 
does no t have to be w a te rtig h t. N either does the 
ice storage area have to  be level, because ice does 
not pool like w a te r  b u t builds up  downslope (Ref.

21). W hen surface w a te r  is re ta rd ed  and frozen 
in place, no fu r th e r  stress is exerted  against the 
dike, w hich allows its heigh t to  be increased, as 
required , by the add ition  of b rush  and tu n d ra  or 
w hatever m aterials are available. By this m ethod, 
surface ice can be b ro u g h t to a v ertica l w all of 
control a t almost the exac t point desired. (R ef. 
2 1 . )

Protection of roads and bridges from  dam age by 
stream  icing is discussed in Section 2C1.

A dequate drainage facilities m ust be established 
to provide for disposal of m elt w a te r  w hen the 
spring th aw  occurs.

Section 8. HEAT TRANSFER, LOSS, AND ABSORPTION, AND  
TEMPERATURE MEASUREMENT

2A8.0I DEFINITION OF SYMBOLS

The symbols used in this Section are defined in 
the following list. The units of measurement are 
those most frequently used. Others are used only 
occasionally. When the symbols are combined in 
dimensionless groups, any self-consistent dimen­
sions may be used. In many instances in which
tables have been reproduced, the symbols have
been changed for the sake of consistency.
Symbol D efinition U nit
A A rea sq f t
B Shape fac to r (Table 

2A8-7)
c p H eat capacity B t u / cF /lb
c H eat capacity  per u n it

volume B tu /° F /c u  f t
D D iam eter f t
E Energy per u n it volume k w h r /c u  yd
F a Shape fac to r (Table 

2A8-6)
F e Emissivity fac to r 

(Table 2A 8-6)
F ( y 0) Function of y 0 defined, 

equation (2A 8-16b)
f b o ) Function of y 0 defined, 

equation (2A 8-16c)
G Mass velocity per u n it

area lb /sq  f t / h r
g Mass velocity lb /h r
H Q u an tity  of heat B tu
h Film coefficient or su r­

face conductance B tu /h r /s q  f t / ° F

Symbol D efinition U nit
I T haw ing index °F /d ay
I E lectrical c u rre n t amp
J Function of tem p era tu re  

(Table 2A 8-4)
k Coefficient of therm al 

conductiv ity B t u /h r / ° F / f t
L L aten t heat of fusion of 

w a te r in 1 cu f t  of soil B tu /c u  f t
M Dimensionless group
N Dimensionless group
n Day of the year
N u Dimensionless group
P Emissivity
Pr Dimensionless group
Q H eat flux per u n it area B tu /h r /s q  f t
q H eat flux B tu /h r
R Therm al resistance B tu /h r /° F
R Electrical resistance ohms
r Radius f t
Re Dimensionless g roup
S C orrection fac to r
T T em perature °F
t Time h r or days
U C onductance coefficient B tu /h r / ° F /s q  f t
V Velocity m ph
w Shape fac to r (T able 

2A8-7)
w W ater con ten t of soil in 

percent of d ry  w eigh t
X Distance f t
X Distance f t
y Dimensionless group
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Symbol Definition Unit
yo Dimensionless group
z D istance
z D istance f t
a D iffusiv ity sq f t / h r
p Pressure mm of H g
8 C onstan t dimensionless
V Viscosity lb /h r
P D ensity lb /c u  f t
<t> Dimensionless group
V C onstan t degrees
CO C onstan t time u n it used
2A8.02 INTRODUCTION

Most of the hea t tra n s fe r  problems encountered 
in o rd in ary  engineering practice in the Tem perate 
Zone also m anifest themselves in the Polar Regions. 
H ow ever, the conditions are often  m uch m ore 
extrem e, and the th erm al aspects of a given 
problem  m ay assume enhanced proportions. In  
addition , th ere  is a class of problems encountered 
both in P o lar and  in Tem perate Regions th a t are 
basically the  same except for the fac t th a t therm al 
considerations m ay be of considerable im portance 
in the fo rm er b u t of no im portance in the la tte r . 
Finally , th ere  are ce rta in  problems more or less 
un iquely  ch arac te ris tic  of the Polar Regions th a t  
are p rim arily  problem s in the m aintenance of, or 
controlled change in , the  therm al equilibrium  in 
a given area. These arise p a rticu la rly  in connection 
w ith  con struc tion  in o r on perm afrost or ice, w here 
it is essential th a t  th aw in g  be prevented  if the 
s tru c tu ra l  p roperties of construction  m aterials are 
to  rem ain un a lte red . In  o ther cases, s tru c tu ra l 
properties m ay be im proved by freezing soil m ate­
rials in place; and in ce rta in  instances thaw ing m ay 
be desired, p a r tic u la r ly  in connection w ith  the 
rem oval of ice or perm afrost.

U n fo rtu n a te ly , m any  of the heat tran sfe r p rob­
lems likely to  be encoun tered  in ac tu a l practice are 
of sufficient m ath em atica l com plexity so th a t exact 
solutions have no t y e t been ob tained; in certa in  
o ther cases, o ther com plexities of a nonm athe- 
m atical n a tu re  m ake exac t solutions impossible. 
Various app roxim ation  m ethods have been devel­
oped fo r some of these problem s, and others are in 
the process of developm ent. In the case of hea t 
transm ission by conduction  or rad ia tion , the physi­
cal principles can  easily be expressed q u a n tita ­
tively , th e  d ifferen tia l equations and boundary  
conditions can u su a lly  be w rit te n  down, and in

some instances, p a rtic u la r ly  for problems involv­
ing simple geom etrical shapes, exact solutions are 
obtainable. H ea t transm ission by convection is 
still, to  a large ex ten t, traceable only on an em­
pirical basis.

In  the follow ing Sections, the simpler classical 
problems in heat transm ission are presented, and 
examples of more complex problems of the type 
likely to  be encountered  in w ork in the Polar Re­
gions are considered. This com pilation is by no 
means exhaustive, and probably the practicing  
engineer w ill be compelled to  be conten t in a large 
num ber of situations w ith  very approxim ate solu­
tions. C onsequently, he w ill have to  use large 
safe ty  fac to rs or else w ork ou t sa tisfacto ry  
m ethods on a purely  experim ental basis. Reference 
to  more exhaustive trea tm en ts  on heat transm ission 
a n d /o r  the use of models are recommended w hen 
sufficient tim e and th e  necessary m aterials are 
available.

Problems in conduction may be divided con­
veniently  in to  tw o m ajor classes: (a) steady sta te  
problems w here the tem p era tu re  is a function  of 
the space coordinates only and does not vary  w ith  
tim e, and (b ) unsteady  or transien t state  problems 
w here there  is a v a ria tio n  o f tem peratu re  w ith  
time.

Solutions of conduction problems require know l­
edge of the therm al properties of m aterials. A t the 
present time, only a lim ited am ount of reliable 
therm al d a ta  on soil is available. Some of this in ­
form ation is sum m arized in par. 6 of 2A8.08, and 
m ethods fo r determ in ing therm al properties are 
also indicated  in Exam ple 5 of Problem  5, par. 2 
of 2A8.04.

Some of the equations th a t  follow and all of the 
graph ical equations are set up in term s of dim en­
sionless groups so th a t  any consistent set of un its 
m ay be used.

2A8.03 STEADY STATE CONDUCTION

The basic equation  fo r conduction in either 
steady or tran sien t s ta te  is

dH L dT  / A v
n = - kA  j ,

4 “  — ra te  of heat flow d t
A  =  area th ro u g h  w hich heat flows 
dT-j— =  tem p era tu re  g rad ien t along p a th  of heat 
dX flow
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k =  a proportionality  fac to r, the  coefficient of 
therm al condu ctiv ity , w hich is charac teris­
tic of the substance un der consideration

For most substances the change of k  w ith  tem ­
p era tu re  is small and linear; fo r small tem pera­
tu re  gradients i t  can be assumed constan t w ith o u t 
the in troduction  of serious e rro r. In  the following 
trea tm en t this w ill be done. W hen possible, a value 
of k  corresponding to  the average tem p era tu re  
should be used.

1. C O N D U C TIO N  T H R O U G H  HOM OGENE­
OUS PLANE W ALL. Consider the case w here 
the tw o  faces of a homogeneous plane w all of 
thickness x  and th erm al conductiv ity  k  are kep t 
a t tem peratures T x and T 2, the problem  being to 
determ ine the h ea t tran sm itted  th ro u g h  the w all.
Because this is a steady sta te  problem , is a 
constan t, say q . T hen

q = —kA  
dT

d r
dx (2A 8-2)

In this problem , does no t v a ry  w ith  x  and
y  _ y t)may be replaced by
* 1

Then
- k A ( T x -  T ,)

Xy — Xo (2A 8-2a)
Example

C alculate the ra te  of heat loss th ro u g h  a 5 0 -ft x 
2 0 -ft x  1-in. wooden floor (average k  =  0.08 B tu / 
h r / f t / ° F ) ,  the tw o  surfaces being m aintained a t 
70° F and —30° F. Then

q =  1,000 ^ ^ ^ ( l O O )  j B t u / h r  =  96,000 B tu /h r
The same solution can be applied to  a w ell-in­

sulated homogeneous rod, the tw o ends of w hich 
are m aintained a t constan t tem peratu res.

2. C O N D U C TIO N  T H R O U G H  HOM OGE­
NEOUS CYLINDRICAL SHELL. This problem 
arises p a rticu la rly  in connection w ith  insulation of 
wires and pipes. (See F igure 2A 8-1.)

The equation in this case is

g  =  (2A 8-3)
r 2 — T\ =  thickness of cylindrical shell 
To and T x = tem pera tu res a t r 2 and rx 
A \og =  logarithm ic average area
X =  length  of pipe

Then
A \0g — A 2 — Ai

2-31ogio[è]
2n ( r 2 — f i ) X  
2-31ogi° [ ? ]

W here r 2 — r\ is sm all com pared to  r 2,

(2A 8-4 )

A ,.e (2A8-4a)

FIGURE 2A8-1
Conduction  Betw een C o n ce n tr ic  Cy lindrica l 

Shells

Example
A 6-in. steam pipe is covered w ith  1-in. asbestos 

insulating  m aterial. C alcu la te  the  heat loss per 
foot, assuming th e  outside of th e  insulation  m ain­
tained a t 0° F and the inside a t  250° F. Use 0.1 
for the value of k  fo r  asbestos.

A\()g —
[ û ]  2 .51 .8 ,„ [ i ]

82X
2.3logi

A lternatively ,
A, +  A-> _  f~2 n (f i +  r >) j  x  =A\(,e

q =  0.1 1 . 8 2 X ^ j ^  = 0 . 1  ( 1.82X 3,i

1.82X  

000)

— =  546 B t u / f t / h r
3. RESISTANCE C O N C E PT  —  COMPOSITE 

WALLS. The d ifferen tia l equations applicable to  
heat tran sfe r  problem s are essentially the same as
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those foun d  in  m any o ther problems in physics, 
and i t  is f req u en tly  advantageous in m aking cal­
culations or designing models to  utilize this 
sim ilarity .

In  com paring the phenomena of heat transm is­
sion and electrical transm ission, the potential d if­
ference, c u rre n t, e lectrical conductiv ity , capaci­
tance, and  resistance are  the analogs of tem pera­
tu re  difference, ra te  of hea t flow, therm al conduc­
tiv ity , hea t capacity , and therm al resistance. The 
same solutions apply in bo th  cases.

There follows a concept analogous to  electrical 
resistance, used in consideration of a composite 
w all. (See F igure  2A 8-2.)

For regions 1 and 2

î l = W [ \ r ]  1 qi =  k 2A
The th e rm al resistance per u n it length  =  -=■^ r, orkA

fo r  a len g th  X
X

kA (2A8-5)
For equ ilib rium

T h -  To 
R 2 (2A 8-6)

qRi — —Tf,
q R i +  qR> +  T 2 - T 1 = 0

qRo +  T 2 = T h
_  Ti — T 2 

q R i + R  o
(2A 8-6a)

or fo r the general case
AT 

q  2 R (2A 8-6b)

Example 1
A pply this equation to  the previous problem  of 

the steam pipe, b u t assume the inside of the pipe to  
be 250° F. Assume an OD of 6 in. and an ID  of 
5.25 in. fo r the pipe. For steel, assume k  =  26.0. 
From  the previous exam ple,

A\ttg asbestos■ =  1.82X
For the pipe,

1.48X

R asbestos =

R steel =

R to ta l =

q =

12
0.1 X 1.82X 

375 
12

26.0 X 1.48X 
0.459 

X
AT 2 5 OX

R to ta l 0.459

0.458
X

q _  250 
X “  0.459 =  545 B t u / f t / h r
I t  is seen in this case th a t  the answ er is approx­

im ately the  same as in the  previous calculation . 
This is because the steel pipe is such a good con­
du c to r, com pared to  the  insulating  covering, th a t  
its conductiv ity  can justifiab ly  be assumed to  be 
infinite.

Example 2
A n insu lated  pipe w ith  an original tem p era tu re  

of 30° F is laid  in perm afrost. W ater a t ,50° F is 
pum ped th ro u g h  the pipe. In  this case there w ill be 
a tem p era tu re  drop betw een the bu lk  of the  w a te r  
and the inner pipe surface . C alculate the ra te  of 
the heat leak, assum ing the following.
Pipe OD , 6 in.
Pipe ID , 5.5 in.
Insulation  thickness, 2 in ., w ith  k  =  0.1 B t u /h r /  

f t / 0 F
k  of pipe, 26 B t u / h r / f t / ° F
Film coefficient from  w a te r  to pipe A, 550 B tu  

h r / f t / ° F
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This m ay be calcu la ted  using F igure 2A 8-18 and 
the da ta  in T able 2A8-10. A value of 5 fps has 
been assumed fo r w a te r  velocity.

U sing equations (2A 8-4) and (2 A 8 -5 ),

R  insulation = 0.815

R  pipe = 0.0008

R film  =  ÂÂ =
0.00128

550 [ t t > *

2 R  = 0.817 AT
£  V D

18
2 R  0.817

— =  22.0 B tu /h r / l in  f t
O f course, the value here calcu la ted  is applicable 

only w hen c ircu la tion  begins. As tim e passes, the 
g round  tem p era tu re  w ill increase above 3 0 ° F near 
the pipe and the flux  w ill decrease; the  value  cal­
cu la ted  is also applicable only a t the po in t in the 
pipe w here the w a te r  is a t 50° F, because it w ill 
cool on flowing. L ater exam ples illu s tra te  more 
com plicated problem s, w hich tak e  in to  account 
changes in fluid and g round  tem peratu res.

4. C O N D U C T IO N  BETW EEN CYLINDER 
A N D  IN F IN IT E  PLANE. (See F igure 2A 8 -3.) In 
this case,

R  = — ‘0
2nkX (2A 8-7)

and \ T
* =  X

AT =  difference betw een cylinder tem p era tu re  and 
th a t  of plane

z  =  distance from  plane to  cen ter of cylinder 
r =  cylinder rad ius
k  =  therm al con du ctiv ity  of m ateria l between 

cylinder and  surface 
X =  length of cylinder

Example
Assume a bu ried  pipe to  be m ain tained a t 32° F, 

w ith  a g round su rface  tem p era tu re  con stan t and 
equal to 45° F. C alcu late  the heat leak from  the 
ground surface to  the pipe, assum ing
z =  1 f  t  
r = 1 in.

FIGURE 2A8-3
Conduction  Betw een C y lind er and Infinite  

Plane

k  = 0.945 B t u / h r / f t / ° F  
Pipe length  =  50 f t
Then

c o s h -1 ( y )
2k X 0.945 X 50

and

3.18
297

45 -  32
0.0107 1,215 B tu /h r

0.0107

If  the pipe is in su la ted , an  e x tra  resistance 
fac to r m ust be added to  th a t  of the soil. The 
radius of the outside of th e  insu la tion  m ust, of 
course, be used in  equation  (2 A 8 -7 ).
2A8.04 TRANSIENT STATE CONDUCTION

1. IN T R O D U C T IO N . U n fo rtu n a te ly , m ost of 
the im p ortan t problem s likely to  be encoun tered  in 
the Polar Regions are no t am enable to  ex ac t gen­
eral solution. Com plications arise p a r tic u la r ly  
because of freezing  and  m elting . In  ce rta in  in ­
stances, however* no acco un t need be tak en  of this 
phase change; fo r  exam ple, in  soil w ith  very  low 
w a te r  con ten t th e  hea t of fusion m ay be small
com pared to [  ^ 2 Cpd T y p a r tic u la r ly  if  th e  differ-J t ience betw een T i and  T 2 is large . (Cp is h ea t capac­
ity , T is tem p era tu re .)  In  o ther instances, the 
0° C (32° F) geo-isotherm  m ay be sufficiently fa r  
removed from  th e  h ea t source or sink so th a t  i t  is 
m oving only sligh tly  w ith  th e  add ition  of hea t, in 
w hich case it  m ay, as an  approxim ation , be tre a ted  
simply as a su rface  m ain ta in ed  a t a constan t
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tem p era tu re . I f  the 0° C (32° F) geo-isotherm is 
sufficiently fa r  rem oved, i t  m ay in certain  instances 
be neglected and  the  solid trea ted  as an infinite or 
sem i-infinite solid. O th e r applications of the solu­
tions ou tlined  in  th e  nex t p arag raph  m ay also 
arise. F u rth e r, ce rta in  q u a lita tive  effects are more 
easily presented if  the  change of sta te  is neglected.

Because of th e  slight c u rv a tu re  of the ea rth , 
sm all regions of its su rface  m ay be trea ted  as a 
sem i-infinite solid to  an  excellent approxim ation. 
(See F igure  2A 8-4.) The semi-infinite solid is as­
sum ed to  ex tend  indefinitely in  the Z direction from  
a su rface  tak en  to  be th e  xy  plane. The ex ten t in 
th e  xy  p lane is tak en  to  be infinite in all directions.

2. PROBLEMS N O T  IN V O LV IN G  FREEZING 
O R  T H A W IN G .

PROBLEM 1
The semi-infinite solid w ith  original tempera­

ture  T0 constant or a linear function of depth
Ti =  T0 surface suddenly brought to
and maintained at a temperature Ts.

The solution is given by the equation
T  =  T a+  (T o - T 9 ) e rf 2y/a t + [£ L(2A8-8)

T  =  temperature distribution at time t
a =  diffusivity (See Table 2A8-1.)
t  =  time
e r f  6 =  p rob ab ility  fu n c tio n e~u du

(See F igure 2A 8-5.) N O T E : The equation Ti =
z  is a fa irly  good approxim ation to

ac tu a l tem p era tu re  d istribu tions over m any re­
gions of the e a r th ’s su rface , except fo r periodic 
varia tions resu lting  from  daily and seasonal 
changes in su rface  conditions. For m oderate depths,
the te rm z  is usually  nearly  negligible.

Example
A large s tru c tu re  is to  be b u ilt on a concrete 

slab and  th e  surface  m ain tained a t 70° F. The 
g round  on w hich the  bu ild ing is to  be constructed  
has an orig inal tem p era tu re  of 40° F, a conduc­
tiv ity  k  = 0.50 B t u /h r / f t / ° F ,  and a diffusivity 
a  =  0.015 sq f t / h r .  Assume the concrete has the

TABLE 2A8-1
Therm al Conductiv ities and Dlffusivities of So m e  C o m m o n  Substances f Ref. 361

S u b s ta n c e
Density ,  

Ib / c u  ft

H eat capacity ,  

B t u / lb / °  F

C on du ctiv ity ,
k

B t u / h r / f t / 0 F

D iffu siv ity ,
k

pCp
sq  f t /h r

A ir 0.0805 0.240 0.0140 0.725
G ran ite 162 0.21 1.44 0.043
L im e sto n e 156 0.22 0.97 0.028
S a n d s to n e 144 0.23 1.44 0.043
A v e ra g e  rock . . . 1.02 0.046

Ice 58.4 0.502 1.28 0.045
C o n cre te  ( 1 :2:4) 144 0.23 0.53 0.0163
S n o w  ( fr e s h ) 6.2 0.5 0.060 0.0194
S o il  ( a v e ra g e )  , 156 0.2 0.56 0.0178
S o il (sa n d y ,  d ry ) 103 0.19 0.152 0.0078

S o il (sa n d y ,  8 p e rcen t m o is t ) 109 0.24 0.34 0.0128

N o te :  S e e  a lso  par. 6 o f  2A 8 .0 8  a n d  ta b le s  in stan d a rd  h an d b o oks.
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same con du ctiv ity  an d  diffusiv ity  as the  soil. Cal­
cu la te  the tem p era tu re  6 f t  below th e  slab surface 
a f te r  one m onth  and  a f te r  one year. C alcu la te  the 
hea t leak th ro u g h  the slab a t  the same times.
1 mo =  30 days 1 y r  =  365 days

=  720 h r  =  8,760 h r
In  order to  use F igure  2A 8-5, 

zN  = N  = 2y/a t

2 \/0 .0 1 5  X 720 
=  0.913

2V 0.015  X 8,760 
=  0.262

From  Figure 2A 8-5,
e r f  0.913 =  0.803 
T  =  70 +

(40 -  70)0 .803 
=  45 .9° F

e r f  0.262 =  0.288 
T  =  70 +

(40 -  70)0 .288  
=  61.4° F

H ea t leak th ro u g h  th e  floor (z  =  0) in  B tu /h r /
sq f t  =

A t z =  0,
, ( w )  =  ,

For 1 mo, y /n a t  F or 1 y r ,
=  y / (Jt0.015) (7 2 0 ) y /im t  =  20.32
=  5.823
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dT
dz (40  -  70) 1

5.823
=  - 5 .1 3 °  F / f t

dT
dz (40 -  70) 1

20.32
=  - 1 .4 6 °  F /£ t

k  =  0.50 B t u / h r / f t / ° F
JJ* i Jfjrt

=  - 2 .5 6  B tu /  ' =  - 0 .7 3  B tu /
h r /s q  f t  h r /sq  f t

A lte rn a tiv e ly , F igure  2A8-6 m ay be U9ed to cal­
cu la te  tem p era tu res. H ere  A, the film coefficient, is 
to be tak en  equal to  in fin ity ; then N  =  oo ( th a t is, 
the concrete su rface  and  a ir are assumed to  be in 
perfec t th e rm al co n tac t, so both have the same tem ­
p e ra tu re ; b u t fo r  m any purposes this is not a satis­
fac to ry  app ro x im ation ).

U sing th e  equation  <f> 
For 1 mo,

_______6_____
*  =  \ / (0 .015) (720 ) 

=  1.826

z
y/ad
For 1 y r,

______6_____
* =  \ / (0 .0 1 5 )  (8,760) 

=  0.524

Then, from  F igure 2A 8-6, w ith  N  = oo,
M =  0.803 T  -  70 

40 -  70 M =  0.288 T  -  70 
40 -  70

T  =  45.9° F T  =  61.4° F
PROBLEM 2

The semi-infinite solid w ith  original temperature 
T 0, the flux of beat through the surface being pro­
portional to the difference between the surface 
temperature T s and that of a nearby medium  T m;

dTthat is, in this, the radiation condition, k  j — f-
dz

h ( T m — T b) =  0, where h  is the film coefficient. 
(See p ar. 2A 8.05.)

In  m any ac tu a l cases of heat tran sfe r, th is s itu a ­
tion  is a b e tte r  approxim ation to  th a t  ac tu a lly  en­
countered  th an  th a t  described in the previous prob­
lem. For exam ple, w here there is a ir  or ano ther 
fluid m ain tained a t  tem p era tu re  T m in con tac t 
w ith  a solid, the su rface  of the solid is in  general a t  
some tem p era tu re , T a, w here T 8 is no t equal to  T m 
u n til equ ilib rium  is finally reached. In  th is case,

Tem perature at Depth  Z In  Sem i-Infinite Solid, W ith Surface Film Coefficient  h, DifFusivity a. 
C onductiv ity  k, O rig ina l Temperature  Tof and  Surface  Temperature  Tt
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the  flux  of heat from  the solid to  fluid or vice versa 
is a function  of Tm — Ta. In  o ther cases where 
there  is im perfect co n tac t betw een tw o  solids or 
betw een a solid and a fluid (fo r  exam ple, because 
of boiler scale in steam  boilers), the same equations 
apply. The problem  has the  same type of solution 
w here there is a deliberate ly in troduced  insu la ting  
layer of negligible hea t capacity  betw een the semi­
infinite solid and the  heat source or sink. Finally, 
w here all the hea t transm ission is by ac tu a l rad ia ­
tion , the  same equations apply if  the difference in 
the absolute tem p era tu res of the tw o  m edia is not 
too grea t. A ctually , the am ount of hea t tran s­
m itted  by rad ia tion  is p roportional to  (T m) A —
< r8) 4. ^

For T8> Tm is m uch g rea te r  th an  (Tm — Ta). This 
reduces approxim ately to  4 Ts(T m — Ta) , w here T 
is the average of Tm and Ta.

I f  T m is the tem p era tu re  of the m edium  to  which 
or from  w hich there  is rad ia tion , the follow ing 
equation  applies.

T - T 0
Tm -  T0

(hz h2at\  k + k* )

erfc  — Z 4 . (2A8-9)îy ja t  ' k
k 9 T oy Zy a, and t  have the same m eaning as in  the 
previous example.

Values fo r e rfc  <f> are given in F igure 2A8-5. 
A lternatively , F igure 2A8-6 m ay be used.

Example
Suppose a bu ild ing  is to  be b u ilt un der th e  same 

conditions as in the previous problem . Assume, 
how ever, th a t  the  e a r th ’s n a tu ra l cover is no t re­
m oved, so . th a t  i t  acts as an in su la tin g  layer. 
Assume this layer to  be 1 f t  th ick , of negligible 
heat capacity , and  w ith  a k  value of 0.04 B tu /h r /  
f t / ° F .  C alculate  th e  tem p era tu re  a t a dep th  of 
6 f t  below the in su la tin g  cover a f te r  one year.
For use in equation  (2 A 8 -9 ),

b = ----------- ---------------- =  0.04 B tu /h r /s q  f t /  F
2

0,262

^  +  0 .4 8 +  0.84 =  1.32
_ z  A \/ô f  =  0 262 Q 916 =  j  17g
2 V Ô Ï *

^ = e rfc  0.262 - e 1-32 e rfc  1.178Tm -  T0
70 — 40 =  0,712 ~  3,75 X  ° '0958 =  0,352
T  =  40 +  30 X 0.352 =  50.5° F

Using F igure 2A 8-6, 
N  =  0.48
<#>
M

0.524
0 .66 = T -  Tm T -  70 

T0 -  T m “ 4 0 - 7 0
T = 70 -  0.66 X 30 =  50.2° F

A comparison o f th e  value  ca lcu la ted  here w ith  
th a t obtained in th e  previous exam ple w ill show th e  
m arked effect of th e  in su la tin g  cover.

PROBLEM 3
Semi-infinite solid w ith  the surface temperature 

a periodic function of time.
In  m any cases, bo th  the  daily  and the  seasonal 

variations in th e  tem p era tu re  of the e a r th ’s su r­
face m ay be approxim ated  as a harm onic fu n c tio n  
of tim e. For g re a te r  accu racy , th e  su rface  tem ­
p era tu re  m ay be represen ted  by a F ourier series.

(1 ) Using a simple harm onic fu nc tion  and  as­
sum ing the m ean e a r th  tem p e ra tu re  independent of 
dep th  and equal to  T 09 Ta =  \p cos (co£ — e) =  su r­
face tem p era tu re , and

co2 -a ■ ]
(2A 8-10)

w here the period is — . (tpy a), and  6 are constan ts.)
Three conclusions can be d ra w n  from  equation  
(2A 8-10). (R ef. 36, pp. 48, 63.)

(a) The am plitude  of th e  tem p era tu re  oscil­
lations diminishes as . - / é  and  th u s falls off 
more rap id ly  fo r  la rge  0). A c tu a lly , the  tem p era­
tu re  oscillations resu ltin g  from  daily tem p era­
tu re  variations become negligible usually  a t  a dep th  
of 3 or 4 f t ,  and  th e  oscillations resu lting  from  
seasonal surface  varia tion s become negligible a t 
depths of about 70 f t .

(b ) T here is a progressive lag  in th e  phase of 
the tem p era tu re  w ave, z

(c) The te m p e ra tu re  fluc tua tions, fo r  ex­
am ple, the positions o f th e  m axim a and m inim a of 
tem p era tu re , are  p ro p ag a ted  in to  the  solid w ith  a 
velocity \/2aci).
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(2 )  I f  a series
T 8 = yj0 +  Vi cos — ei)  +

ip2 COS (2co “  62) +  • • •

is used to  represen t the  surface tem peratu re, the 
tem p era tu re  a t  any  dep th , z, is given by

(2A 8-11 )
I t  is to  be no ted  th a t  the  above equations can be 
used to  ob ta in  values fo r diffusivities of soil; how ­
ever, th ere  are  serious lim itations th a t  m ust be 
considered. P a rtic u la rly , they are hot valid  if (a ) 
the  m oisture con ten t of the  soil varies appreciably 
d u rin g  th e  cycle considered, (b ) the soil is no t 
homogeneous, o r (c ) a phase change occurs. 
Q u a lita tive ly , behavior sim ilar to  th a t described 
above is observed in perm afrost regions. W here 
p erm afrost is several feet below the surface, an 
approxim ate va lue  fo r the diffusivity m ay be de­
term ined by considering only the daily tem peratu re  
oscillations; how ever, difficulties are encountered 
in this case because of the day to  day variations in 
tem p era tu res, equations (2A 8-10) and (2A 8-11) 
being valid  only fo r  t ru ly  cyclical variations.

PROBLEM 4
The temperature at radius r  in a solid, originally 

at temperature T„, bounded internally by a cylin­
drical source or sink of radius r i , the surface of 
which is suddenly brought to and maintained at 
temperature T s.

This type of problem  arises p a rticu la rly  in the 
case of bu ried  pipes, wells, or shafts. The solu­
tions to  the  problem  and the re la ted  ones th a t fo l­
low are presented  only in graphical form  because 
of m athem atical com plexities. (See Figures 2A8-7 
and 2A8-8 follow ing, and also 2A8-11.)

Example 1
A s tru c tu re  is to  be supported  by piles A, B, C, 

and D  (F igu re  2A 8-9) in  a perm afrost region 
w here the p erm afro st tem p era tu re  is 310 F. In  
o rder to  ob ta in  sufficient adfreeze s treng th , i t  is 
estim ated th a t  a tem p era tu re  of 28° F m ust be ob­
tained . C alcu la te  the  tem p era tu re  a t the piles if  
the re fr ig e ra tio n  w ell, X , is m aintained a t  a tem ­

p e ra tu re  of 10° F fo r 10 days. Assume the d if­
fu siv ity  of the perm afrost to  be 0.04 sq f t / h r ,  the 
OD of the well, X , 6 in., and perfect therm al con­
ta c t  betw een w ell pipe and soil.
For use in F igure 2A8-9,
t*i =  3 in. =  0.25 f t  
r  =  48 in.
— =  16ri
a =  0.04 sq f t / h r  
t  = 10 X 24 =  240 h r

rx =  0.25
\ f â t  ~  V 0-04  X 240 0.08

From  Figure 2A 8-7,
T  -  T 0 T  -  31 
T , -  T 0 “ 1 0 - 3 1 0.135
r  =  31 -  2 1  x 0.135 =  2 8 .2 ° F

Example 2
A s tru c tu re  is b u ilt on a re frigera ted  foun da­

tion  to  be m ain tained th ro u g h o u t the year a t a 
tem p era tu re  of 32° F or less. D u ring  the  sum m er, 
re frigera tion  is to  be accomplished by c ircu lation  
of brine th ro u g h  the foundation  and th ro u g h  wells 
in perm afrost. (See F igure 2A 8-10.) Assume the 
diffusiv ity of the perm afrost to  be 0.04 sq f t / h r ,  
k  =  1 B t u /h r / f t / ° F ,  and the original perm afrost 
tem p era tu re  22° F. I f  the w ell has an OD of 6 in., 
calcu la te  the ra te  of heat flow a t  the end of tw o 
m onths, assum ing the brine has a t all times been 
m ain tained a t 31° F. (Because of the decreasing 
flux, the situation  can be approxim ated if  there 
are a num ber of wells and if  the c ircu lation  is be­
gun by using only one w ell and then the others as 
needed.)
For use in F igure 2A8-8, 
k  = 1 B t u /h r / f t / ° F  
a =  0.04 sq f t / h r  
t = 2 mo =  60 X 24 =  1,440 h r 
r1 — 3 in. =  0.25 f t

V a t  _  V 0 .0 4  X 1,440 =  JQ 
rx 0.25

From  F igure 2A 8-8,
^ = 3 , ,riQ
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1.0

ri

FIGURE 2A8-7
Temperature T ot r in Region Originally at loa Bounded Internally by Cylindrical Source of

Radius r, Maintained at Ts
o _ k ( T 8 - T 0) _ 1(31 — 22)
V r i  X 3.89 0.25 X 3.89

=  9.26 B tu /h r /s q  f t
T he circum ference is 0.5jt f t ;  th us, the flux is 
9.26 X 0.5at =  14.6 B t ù /h r / f t  length.

W hen air tem p era tu res are low er th an  tem pera­
tu res  in the g round  a t  J  and K (F igu re  2A 8-10), 
valve B is closed; the  re fr ig e ra n t circu la tes th ro ug h  
the  rad ia to r, rem oving heat from  the  ground 
th ro u g h  w ell K and from  the  foundation  and 
ground  th ro u g h  pipes a t  J. W hen a ir  tem pera­
tu res  are w arm er, C and A are closed and the  re­
frig e ra n t, w hich removes heat from  J , c irculates

to  R, w here the hea t is rem oved from  the  re fr ig ­
e ran t by the  cold g ro u n d ; J  is th u s  kep t re fr ig e r­
ated  th ro u g h o u t the year, using K as a hea t sink 
du ring  the w arm er m onths. (A ll piping above­
ground th a t  is to  be covered w ith  insulation  is no t 
shown.)

PROBLEM 5
Surface temperature T s of the region bounded 

internally by a circular cylinder of radius r i ,  w ith  
initial temperature T 0 and constant flux  Q at the 
surface.
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Flux Per Unit A re a  Q at Surface With Radius r at Region O rig ina lly  at Te, Bounded Interna lly  by
Cylindrica l Source of Radios r, M ainta ined  at Tt

FIGURE 2À8-10 

Example of Refrigeration  System
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Example 1
A condition of this type m ight be encountered 

in a situation  sim ilar to  th a t  in Exam ple 2 of Prob­
lem 4. Thus, if  tb e  flux Q from  the  bu ild ing to  the 
refrigera tion  pipes in the  foundation  is approxi­
m ately  constan t, equ ilibrium  m ay be obtained if 
the ra te  of re frig era tio n  c ircu la tion  is so m anipu­
la ted  th a t  the to ta l flux th ro u g h  the w ell w alls is 
also Q. (P erfec t insulation  along the connecting 
pipes is assumed so th a t  there  is no hea t leak 
th ro u g h  these pipes.) C alcu la te  T 8 a f te r  three 
m onths, assum ing a constan t flux th ro u g h  the 
foundation  of 10,000 B tu /h r . Assume the proper­
ties of the perm afrost are the  same as in the  pre­
vious exam ple and  th a t  one w ell 100 f t  deep and 
6 in. in diam eter and  3 wells, each 300 f t  deep and 
6 in. in diam eter, are  available.

w ill simply stop w hen the w ell tem p era tu re  and  
the tem p era tu re  of th e  s tru c tu re  are the same. 
H ow ever, from  the  calcu lations it  is c lear th a t  à 
single 10 0 -ft w ell w ould  no t be adequate  to  keep 
the foundation  re fr ig e ra ted  fo r the  th ree  m onths, 
although  the th ree  3 0 0 -ft wells w ould.

A nother constan t-flux  problem  arises as a re su lt 
of heat generation in  bu ried  e lectrical cables, if  the 
change in resistance w ith  tem p era tu re  can  be 
neglected. The solution given in  F igure 2A8-11 
assumes also th a t  the  cable is bu ried  a t a sufficient 
depth so th a t the h ea t from  th e  cable has a negli­
gible effect a t the su rface  and , fu r th e r , th a t  th e  in ­
sulation m ay be assum ed to  have the  same th erm al 
properties as the su rro u n d in g  m aterials.

Example 2
For use in F igure 2A 8-11,
k  =  1 B t u /h r / f t / ° F  
a  =  0.04 sq f t / h r  
t  =  3 mo =  2,160 h r  
r-i =  0.25 f t

V a t
r i 37.2

From  Figure 2A 8-11,
. W L Z l d .  =  4.03n Q
One 100-ft w ell 
100 X  0.50 =  157 sq f t

10,000 
157

=  63.7 B tu /h r /s q  f t

(I*. -  T 0) =  4.03

T hree 3 0 0 -ft wells 
900 X  0.50 =  1,413 sq f t  

_  10,000 
y  1,413

=  7.08 B tu /h r /s q  f t
Ts -  T 0

=  64.2° F =  7.1° F
T 8 =  22 +  64.2 

=  86.2° F
T 8 = 22 +  7.1 

=  29.1° F
The value 86.2° F has, of course, been obtained 
w ith o u t tak in g  in to  consideration possible th aw ­
ing; the com plications resu lting  from  th aw in g  are 
tre a ted  in Exam ple 2 follow ing.

Most s tru c tu re s  w ould , of course, be m aintained 
a t  tem pera tu res below 86° F. The first solution, 
therefore , is m eaningless in th a t  th e  flow of heat

Assume a 1-in. copper cable is bu ried  6 f t  below 
the surface in perm afrost w ith  the  same th erm al 
properties as in th e  previous exam ple. Assume the 
cable has a resistance of 0.000011 o h m s/ft and 
th a t i t  carries a c u r re n t of 500 am p. C alcu la te  
the tem p era tu re  of the  cable a f te r  the c u r re n t has 
been flowing fo r one m onth.
For use in F igure 2A 8-11,
1 w a tth r  =  3.413 B tu  
Q =  3.413 X I 2R

=  3 .413(5 0 0 )2(1 .1 X 10-®) =  9.38 B t u / f t / h r  
r j =  =  0.0417 f t
a  =  0.04 sq f t / h r  
k  =  1 B t u /h r / f t / ° F  
t  =  30 X  24 =  720 h r
Using F igure 2A 8-11,

Va t  =  y o .0 4  X 720 _ 
n  0.0417

Q =  9 3 8  v  2rt X 0.0417
k ( T t -  T 0)

B tu /h r / s q  f t

=  5.27r iQ
T 8 -  To = 0.0417 

=  7.86° F

1“ 9.38 "I [5 .2 7 1
|_ 2 jtX 0 .0 4 1 7 j  |_ 1 J

T e = 22 +  7.9 =  29.9° F
T hus, w ith in  one m on th  th ere  w ill be no thaw ing . 
A qu a lita tive  consideration , using F igure 2A 8-7,
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Tem perature  Ts at Surface With Radius r } of Region O rigina lly  at T0, Bounded Internally  by  
C y lind rica l Source of Radius r1t With C onsta nt Flux Q at Surface

w ill show th a t  a t  6-in. dep th T - T 0
Ts -  T 0 is very  small;

and th u s  th e  solution given in  F igure 2A8-11 is 
reasonably va lid , th a t  is, surface effects can rea ­
sonably be neglected fo r  the period of tim e 
considered.

In  some cases, th e  problem  of th aw ing  perm a­
fro s t by  steam , w a te r , o r sewage pipes or utilidors 
m ay be tre a te d  approxim ately  as a constan t-flux  
problem .

Example 3
A n in su la ted  steam pipe is to  be buried  in perm a­

frost. C alcu la te  the tim e before thaw ing  of the 
perm afrost begins, assum ing the follow ing:
O D  of pipe, 6 in.
Insu lation  thickness 1 f t  w ith  k  =  0.04 B tu /  

h r / f t / ° F
P erm afrost orig inally  a t 2 5 ° F 
k  = 1.2 B t u /h r / f t / ° F  
a  .= 0 .0 4  sq f t /h r ,
Steam  tem p era tu re , 250° F

Because m ost of the th e rm al resistance w ill be 
provided by th e  insulation , fo r  a first approxim a­
tion  assume th e  outside of the  pipe also a t  250° F.
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For a more accu ra te  solution, a steam -to-pipe re­
sistance fac to r w ould  have to  be included. (See 
Exam ple 4 follow ing.)

In  th is problem  the tem p era tu re  a t the outside of 
the insulation w ill rise from  25° to  32° F. Be­
cause the difference is small com pared to  the differ­
ence betw een these tem pera tu res and the  steam 
tem pera tu re , th e  ra te  of hea t flow th ro u g h  the 
insulation w ill decrease only slightly  as the insula­
tion  surface tem p era tu re  rises from  23° to  32° F. 
T herefore, as a fa irly  good approxim ation, the 
problem  m ay be tre a ted  as one of constan t flux. 
Both 25° and 32° F m ay be used to  ca lcu la te  upper 
and low er lim its of the flux. I f  the calcu la tion  is 
carried  o u t on th is basis, th e  tru e  tim e requ ired  for 
m elting to  s ta r t  w ill lie betw een the tw o  calcu lated  
values. The calcu lations are sum m arized herein.

To calcu la te  the  flux , steady-sta te  equations 
(2A 8-3) and (2A 8-4) are used.

A

q

2jt ( r 2 — n ) X  

2-31ogl0(n)

q = k

=  k

2 x ( r 2 — r j)X
2.3logio 

"2jiX ( T 2 - 09 J
T i)"

2.3log, (2)J
Assuming insulation 

surface =  25° F,
q  =  0.04

P2jtX (250 -  2 5 )“

=  -3 5 .1 X

A ssum ing insulation  
surface  =  32° F,

q =  0.04
1“ 2jtX (250 -  32) “ 

=  - 3 4 .0 X
A t insulation su rface , q per u n it area is

Q = -3 5 .1 X Q = - 3 4 .0 X
2jiX (1 .2 5 ) ^  2jiX (1 .2 $ )

=  —4.47 B tu /h r / s q  f t  =  —4.33 B tu /h r / s q  f t
_y  \For use w ith  F igure  2A 8-11 , ------^ —— equals

1.2(32 -  25) =  1.50
riQ  

1.2(32 -  25)
1 .25(4 .47) 1 .25(4 .33)

Using F igure 2A 8-11, equals

=  1.55

=  2.652( 1.252)
“  0.04
=  274 h r  =  11.4 days

2.802(1 .252)
~  0.04
=  306 h r  =  12.8 days

Example 4
A  concrete u tilid o r is bu ried  in  perm afrost w ith  

the same properties as in th e  previous Exam ple. 
C alculate the  tim e before th aw in g  begins, assum ­
ing the follow ing add itional in fo rm ation .

The u tilido r m ay be assum ed c ircu la r, w ith  a 
7 -f t  ID  and 6-in. concrete w alls; k  =  Ô.5; and am ­
bient tem p era tu re  in  the  u tilid o r, 50° F. Assume 
also th a t  a 1 -ft layer of consolidated m ate ria l w ith  
a k  value of Ô.5 su rro un ds the  u tilido r.

The problem  m ay be solved as previously. B u t in ­
stead, only one ca lcu la tion  is m ade, assum ing th e  
tem pera tu re  a t  the  o u te r  su rface  of the  consoli­
dated  m ateria l is 30° F fo r ca lcu la tin g  th e  flux.

Using the arith m etic  average rad ius (4 .25) in ­
stead of the logarithm ic rad iu s  (p ar. 2A 8.03) to  
calcu late  the hea t tran sm itted  th ro u g h  th e  pipe 
plus consolidated m ateria l,

q\ =  2xX (4 .25 )0 .5 (T p -  30)
w here T p is the tem p era tu re  of th e  inner su rface  of 
the u tilidor. This m ust equal th e  hea t tran sm itted  
from  the a ir to  th e  pipe.

gi =  g2 =  2jtX (3 .5 )£ (5 0  -  T p) 
w here h is the film coefficient.

As an approxim ation, assume ; 
b =  0.27AT0 25 (See T able 2A 8-8.)
(T p -  3 0 )2jtX (4.25) (0 .5 )

=  2 jtX (3 .5 ) (0 .27) (50 -  Tp)1 26

2.2 (Tp -  30) =  0.945(50 -  Tp)125 

Tp =  39.0

q =  2X (4 .2 5 ) (0 .5 ) (39 -  30)
g (4.25) (0.5) (39 -  30)

^  A  5
a t the ou te r su rface  of consolidated m ateria l.
For use w ith  F igure  2A 8-11,

k ( T 8 - T 0) _  1 .2 (32  -  2 5 )
riQ 5 (4 .2 5 ) (0 .5 ) (39 -  30) =  0.44

From Figure 2A 8-11,
^  -  0.48r i

=  (0 .4 8 )252 =  144 h r  =  6 days2.65 2.80 0.04



Exam ples 3 and 4 indicate the danger of ru n ­
n ing  uncooled piping or u tilidors over perm afrost 
if  th e  perm afrost is incapable of supporting the 
loads w hen thaw ed .

The use of heated  cylindrical sources fo r the de­
term ination  of th e rm al conductiv ity  and diffusivity 
of soil in  place has been suggested by Misener, 
H ooper, and  o thers (R ef. 33, pp. 51, 57). A l­
th ou gh  a nu m ber o f different conditions may be 
used, those to  w hich  F igure 2A8-11 is applicable 
are  p robab ly  th e  sim plest. The requirem ent here 
is th a t  a cy lindrical source be heated w ith  a regu­
la ted  c u r re n t so th a t  th e  flux is constan t. Measure­
m ents of th e  tem p era tu re  a t the source can then be 
used to  determ ine the  values of k  and a. The probe 
should be of sufficiently small heat capacity  so th a t  
an appreciable frac tio n  of the energy w ill not be 
used in  raising  its  tem p era tu re , and i t  m ust be 
in good th erm al co n tac t w ith  the ground  so th a t  
its tem p era tu re  w ill be represen tative of ground 
tem p era tu re  a t its  su rface . T em perature-respon­
sive elem ents should be placed near the center of 
the probe to  avoid end effects. I f  heat flow along 
th e  probe is no t k ep t a t  a low level, i t  m ust be 
considered in  the  calcu lation .

Example 5
Suppose a steel pipe 1 in. in diam eter and 8 f t  in 

len g th , w ith  an  in te rn a l resistance heating ele­
m ent and  therm ocouples soldered to  the pipe near 
its  cen ter, is used. (See F igure 2A 8-12.) A fte r  
th e  pipe has come to  the  same tem pera tu re  as the  
g rou nd , hea tin g  is begun , using 110 v. Assume the 
c u r re n t rem ains approxim ately  constan t a t 0.328 
amp. I f  th e  orig inal soil tem p era tu re  is 24° F and 
th e  pipe tem p era tu res  are  28.5° F and 30.0° F a f te r  
2 and 10 hours respectively , calcu late  a and k.
U sing F igure  2A 8-11, 

1 f tri =  0.5 in . = 24
q  _  110 v  X  0.328 am p X  3.413 B tu /h r /w a t t

8 x  sq ft/ ft
=  58.6 B tu /h r / s q  f t

t  = 2 hr  # = 1 0  h r
T . - T 0 = 28.5 -  24 T , - T 0 = 6.0° F

=  4 .5° F

k (T ,  -  T 0) 
riQ  

Æ(4.5) 
1 /2 4 (5 8 .6 )

k (T ,  -  T„)
n Q =  2.46k

1.84&

y /a i ^ /2 â  y /a t
V _ v i 4 " 5 4 V o  — - 7‘ V “
By successive approxim ation, using F igure 2A 8-11: 
As a first approxim ation, assume k  =  1 ; then fo r 2 
hours

O V - T o )
r iQ

U sing F igure 2A 8-11,
1.84

V 5
r i 3.88

3.88
34 0.114

Sim ilarly, fo r 10 hours
V a  =  0.100

These values are significantly different. This 
means th a t  the  first assumed value of k  is in e rro r. 
D ifferent values of k  are assumed u n til the cal­
cu la ted  values of a  are the same fo r bo th  times. 
A lterna tive ly , values of a  could be assumed and

F IGURE 2A8-12
Probe To Determ ine Conductiv ity  and  

Diffusivity I  Ref. 35)
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values of k  ca lcu la ted  u n til they agree. H ow ever, 
a  m ay v ary  am ong different soils, as a ru le  more 
th an  Æ; hence, m ore  guesses m ay be required . The 
successive approxim ations are sum m arized here.

k
1
2

1.2
1.25

> /a  (using 2-br 
equations) 

0.144 
0.777 
0.172
0.190 /

\ / a  (using 10-br 
equations) 

0.100  

2.64
0.167
0.189

T herefore,
k  =  1,25 B t u /h r / f t / ° F  
V a =  0.190 
a  =  0.036 sq f t / h r
N O T E : In the above determ ination , a precise 
know ledge of the tem peratu res is requ ired . For 
exam ple, if  the tem p era tu re  a f te r  2 hours is 
28.7° F and the  tem p era tu re  a f te r  10 hours is 
29.9° F, the values of 1.58 and 0.165 are obtained 
fo r k  and a respectively. The necessary high preci­
sion can best be obtained by using resistance 
therm om eters o r therm istors in place of therm o­
couples. (See par. 1 of 2A 8.08.) As a m uch less 
sa tisfacto ry  a lte rn a tiv e , several therm ocouples may 
be installed, an  average tak en  of m ore th an  tw o 
m easurem ents m ade, and an average of the several 
ca lcu la ted  values fo r k  and a  used. F inally , the 
ra te  of heat in p u t m ay be increased or the time 
in tervals increased to  ob tain  g rea te r tem p era tu re  
differences. If , how ever, th e  m easurem ents a re  to 
be m ade on perm afrost, all tem pera tu res m ust, of 
course, rem ain below 3 2 ° F.

3. PROBLEMS IN V O LV IN G  FREEZIN G  OR 
T H A W IN G . The foregoing developm ent and  ex­
amples have all neglected to  consider the  possibili­
ties of freezing and th aw in g  in soil. U n fo rtu ­
nately , these problem s, w hich are by fa r  the most 
im portan t, are  also difficult from  a m athem atical 
;point of view, and little  has y e t been done w ith  
regard  to  th e ir  solution. The solutions th a t  follow 
are  only approxim ate.

PROBLEM 1
The existence and lower limits of permafrost.
For perm afrost to  exist w ith o u t change from  

year to  year, the  average ann ua l tem p era tu re  
g rad ien t in th e  g round  in a homogeneous soil layer 
below m axim um  seasonal th aw  m ust rem ain the

same. Inasm uch as h ea t flows from  the depths of 
the ea rth  to  the su rface , th e  tem p era tu re  g rad ien t 
m ust be negative to w ard  the  su rface  because hea t 
alw ays flows from  w arm er to w ard  cooler regions. 
The depth of the bo ttom  of perm afrost is a fu n c ­
tion of the n a tu ra l tem p era tu re  g rad ien t in  the 
ground and of the m ean ann ua l su rface  tem pera­
tu re . W hen the m ean ann ual su rface  tem p era tu re  
and the tem p era tu re  g rad ien t in  the  soil are  know n, 
a projection of the  g rad ien t to  32° F gives the  
approxim ate dep th  of perm afrost, provided the soil 
characteristics in  the  pro jected  dep th  are the same 
as in the know n depth .

I f  the mean ann ua l tem p era tu re  of the surface  
or any soil layer below th e  su rface  is raised, the 
heat balance is destroyed and  th e  n a tu ra l  tem pera­
tu re  grad ien t is changed. T he new  tem p era tu re  
grad ien t from  the bo ttom  to  th e  top  of perm afrost 
decreases the hea t flow from  the bo ttom  and , be­
cause the heat flow from  the depths of th e  e a r th  
does no t change, less hea t flows to  the g rou nd  su r­
face from  the bo ttom  of perm afrost th an  is re ­
ceived there, resu lting  in  th a w  a t  the  la t te r  plane. 
In  o ther w ords, raising  the  m ean ann ual tem pera­
tu re  of the e a r th ’s su rface  causes a decrease in the  
thickness of perm afrost. This th aw in g  a t  th e  b o t­
tom  of perm afrost is very  slow, b u t i t  continues 
u n til the heat flow ing to  and from  the bo ttom  of 
perm afrost is in equ ilib rium . (R ef. 37, p. 33.) For 
most purposes, th is type of th aw in g  need no t be 
considered.

I t  should be noted th a t  perm afrost can exist 
even w hen the m ean an n u a l tem p era tu re  is g rea te r 
th an  32° F because of differences in the sum m er 
and w in te r surface  correction  facto rs. (See Table 
2A 8-2.) On th e  o ther hand , a m ean ann ual 
tem pera tu re  of appreciably  less th an  32° F does 
not necessarily assure the  existence of perm afrost 
fo r the same reason.

PROBLEM 2
Thawing and the depth of permafrost under 

buildings and other structures .
This problem  is p a r tic u la r ly  im p o rtan t w hen 

construction  is necessary in régions w here the 
w a te r  con ten t of th e  perm afrost is g rea t, w here the 
soil is clayey or silty  w hen th aw ed , and w here there  
is ap t to  be g ro u n d -w a te r  m ovem ent. U nder any 
of these circum stances, severe settlem ent a n d /o r  
heaving is to  be an tic ip a ted  if  adequate  p recau ­
tions are no t tak en  in the  construc tion  of founda-
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TABLE 2A8-2
C orrection  Factors for Various Surfaces 

(Ref. 371

T y p e  of su rfa ce
Correction factor

W in ter S u m m e r

1. S p ru c e  trees, b ru sh , a n d  m o ss  
o v e r  peat so il 0.29 0.37

2. C le are d  o f tre e s a n d  b ru sh , 
b u t w ith  m o ss  in p lace  o ve r 0.25 0.73
peat so il

3. S i l t  lo am  c leared  a n d  str ip p e d  
o f tre e s  a n d  ve ge ta tion 0.33 1.22

4. G rave l 0.70 2.00
5. C on cre te 0.77 2.03

6. B itu m in o u s 0.72 2.19

N o te : S n o w  w a s  rem oved  from  su rfa c e s  4, 5, an d  6. S n o w  w as not  
rem oved  fro m  su r fa c e s  1, 2, a n d  3.

tions. (See Section 2A 6.) In  alm ost any con­
stru c tio n  on such m aterials, some precautions m ust 
be tak en  if  th e  s tru c tu re  is to  be perm anent or 
sem iperm anent. T w o possible foundations are 
illu s tra ted  in  F igure  2A8-13.

In  (A ) of F igure  2A8-13, piles are driven or 
p re fe rab ly  set. (See par. 2A6.05.) In  order to sup­
p o rt the  load, it  is necessary th a t the perm afrost in 
the im m ediate v ic in ity  of the pilings rem ain frozen. 
( I t  m ay be necessary th a t  the tem pera tu re  immedi­
a te ly  ad jacen t to  th e  pilings rem ain appreciably

below 32° F if  sufficient adfreeze is to  be m ain­
tained. (See p a r. 2 of 2A9.02.)

In  (B) of F igure 2A 8-13, some of the m ateria l of 
the  active zone has been removed and replaced by 
a g ravel o r o ther consolidated m ateria l capable of 
supporting  the  load in  the thaw ed state. I f  there is 
to  be no settlem ent o r heaving, i t  is necessary to  
assure th a t a t  all times the 32° F geo-isotherm is 
w ith in  the fill. (See par. 3 of 2A8.04.)

Given below are derivations of approxim ate 
equations fo r ca lcu la ting  the dep th  of the 32° F 
geo-isotherm . (R ef. 37.)

In  order to  th aw  a layer of perm afrost of th ick ­
ness Z and a 1-sq-ft area , ZL B tu  are required , 
w here L is the la ten t heat of fusion in B tu /c u  f t  of 
the w a te r  in the soil. In  the case of one thaw ing  
layer, the average th erm al resistance du ring  the 
period th a t  th aw  is tak in g  place m ay be w ritten  

R~ ZRnv =  — or —y . The heat, Q, tran sfe rred  into 2 2k
24/1 sq f t  of g round  is w here Ig is the groundRnx

th aw ing  index in  degree-days, R  the therm al re ­
sistance, and k  the th erm al conductiv ity  of the 
thaw ed soil. The th aw ing  index is obtained by 
sum m ation of the num ber of degree-days of th aw  
d u rin g  the thaw ing  season. (To obtain Igy g round 
tem peratu res m ust be used or else a correction 
fac to r applies, as indicated  below.) I f  the heat re-
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qu ired  to  change soil tem peratu res is neglected, 
the value Q is equal to  the  heat required  fo r fusion. 
T hus,

z 1, =  ^  =  ! ^  (2A 8-12a)
T

Because a ir  tem pera tu res, w hich are norm ally 
used in ca lcu la ting  th aw ing  indexes, are no t the 
same as g round  tem pera tu res, a correction fac to r, 
S, m ust be included in the above equation  if  a ir 
tem peratu res are used. (See Table 2A 8-2.)

Thus,
_  48 l akS

z  L ~ ~ z ~
w here Ia =  a ir  th aw in g  index.

C alcu lating  the dep th  of th aw ,
2  =  V48feI„S (2A 8-12b)

Z =
487aÆS

h S P 
21 [ ï ^ + C p ] +  02 “  r<,)[ ^ F  +  C,,p]

(2A 8-13)
The dep th  of th aw in g  in  g ro u n d  composed o f 

tw o or more differen t s tr a ta  of m aterials m ay be 
com puted very  closely by determ in ing  th e  p a r t  of 
the annual corrected  th aw in g  index requ ired  to  
m elt the ice in the voids of each s tra tu m . T he sum ­
m ation of these p a r tia l indexes in the various 
s tra ta , equal to  th e  an n u a l co rrected  th aw in g  in ­
dex for the locality and  existing g round  surface* 
m ay be used to determ ine the dep th  of th aw . From  
equation (2A 8-12a) the  p a r tia l index requ ired  to  
m elt the ice in the  top  layer is

i — ( L iz i R i \'■  -  U r  t )
L = 1.434wp, w here iv  is the  w a te r  con ten t of the 
soil in percentage of d ry  w eight and p is the dry  
density of the soil in lb /c u  f t .

Failure to tak e  in to  account in the above equa­
tion the heat required  to  raise g round  tem peratu res 
results in a calcu la ted  dep th  of th aw  g rea te r than  
actually  occurs. H ow ever, if  the w a te r  con ten t of 
the soil is large and the tem peratu res near 32° F, 
the difference is small. A more exact calculation 
w ill take into account the heat required  to  raise 
ground  tem peratu res. T hus, the heat required  to 
raise the tem p era tu re  of the thaw ed soil to  the mean 
tem pera tu re  d u rin g  the thaw ing  period is

z  =  thickness of soil layer in feet 
Cp =  specific hea t of d ry  soil 
t  =  num ber of days in thaw ing  period

The am ount of heat requ ired  to  raise the  tem ­
p era tu re  of the frozen soil to  3 2 ° F is

Li = la ten t heat o f w a te r /c u  f t  of soil 
Z\ =  thickness of soil layer in  f t
Ri =  ~  =  therm al resistance of soil layerki
k \ = therm al con du c tiv ity  of soil layer
The p artia l index requ ired  to  m elt the ice in the  
second layer is

The pa rtia l index requ ired  to  m elt the ice in the 
n th  layer is

(2A 8-14)
The sum m ation of p a r tia l indexes Zi 4"12 4" . . • 
+  In is equal to  th e  ann ua l co rrec ted  th aw in g  in ­
dex. The to ta l dep th  of th a w  Z is equal to  Z\ +  z 2 
4 “ . . .  4" The te rm  zn m ay be equal to  or less 
th an  the thickness of th e  n th  layer. (Ref. 37.)

(32 - T o) ( 0 . 5 j ^  +  CpPz)
w here T 0 is the m ean ann ua l soil tem p era tu re  and 
the Cp fo r ice is 0.5. For homogeneous perm afrost 
extending to surface, z  =  Z.

Z I + i f r [ ^ > + c’] +
Z(32 -  r . )  <0.5 c ,  p) =

Example 1
A sample com putation  of dep th  of th aw  in 

g round  composed of several d ifferen t soil layers is 
given in Table 2A 8-3. The th aw in g  index for 1947, 
based on a ir tem p era tu res a t  F airbanks, was 3,055. 
The correction fa c to r  fo r a bitum inous su rface  is 
2.19. (See Table 2A 8-2.) Values fo r thickness, 
density, and m oisture co n ten t of' the  various soils 
are based on field tests. (R ef. 37.)
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TABLE 2A8-3
Com puted  Depth of Thaw l Ref. 37J

z p w
L

1.434 w P k R -  -
1 =  T h a w in g  in d e x1

La ye r  m ate ria l
T h ic k ­

n e s s
of

layer,
ft

D ry
d e n s ity  
o f so il, 
Ib / c u  ft

W ate r  
content  
of soil, 
percent 

of d ry  wt

V o lu ­
m etric  
latent 

heat of 
fu sio n

Therm al 
conductivity, 

B t u / s q  f t /  
h r /° F / ft

K k  
T h e rm a l 

re s ist ­
ance

s R 2R  +  R2-
In c rem e n t S u m m a t io n

1. A s p h a lt 0.4 150 0 0 -  0.86 0.47 0 0.24 0 0
2. G rave l 

(G W ) 3.8 143 3.7 759 2.08 0.47 1.51
759 x  3.8 x  1.51 101 

24 “  181 181

3. S ilt  
( M H ) 2.5 99 27.7 3,932 ^  =  0.83 3.02 2.55 4.06

3,932 x  2.5 x  4.06 , , , ,  
24 ‘  >'665 1,846

4. P eat 1.5 25 81.9 2,936 f - 0 . 1 7 8.80 5.57 9.97
2,936 x  1.5 x  9.97 , 00/1

24 " 3,670

5. S ilt  a n d  
peat 1.0 62 50.0 4,445

T T - “
2.00 14.37 15.37

4.445 x  1.0 x  15.37 , M n
24 “ 6,510

6. S i l t  a n d z =  0.05
78.2 39.5 4,429

t t - M3
z

16.37 16.37
4,429 x z x ( l 6 . 3 7  +  Tl- 6)  ^

6,690peat 9.25 ÔM 24 18U
z

+  Î Ï 6
N o te : T h a w in g  index  fo r  1947 b ase d  on a ir  tem peratu re  =  3,055. C orrected  =  3,055 x  2.19 =  6,690.

"■  -  $ ( t ) '■  -  w t " ' + '* * ^ (“ ' + “■ + t ) '■  -  i r ( 2R + 1 )
S o lv in g  fo r  z in laye r 6, l6 =  2R +

24
0.05 ft;  com p u ted  depth  =  9.25; actual depth  =  10.2

C om puted dep ths of th aw  fo r un iform  layers of 
pea t, silt loam , sand , and  gravel from  N o rthw ay  
and  th e  research  a rea  near Fairbanks are shown in 
F igure  2A 8-14. I t  m ay be noted th a t  fo r a given 
density condition la rg e  varia tions in m oisture con­
te n t have very  li ttle  effect on the  dep th  of th aw  in 
pea t and  silt loam  and  th a t  the varia tion  in dep th  
beween the  high and  low  density conditions is only 
a few  feet. From  the  know ledge of the fac t th a t  
the  th e rm al con d u c tiv ity  increases generally as the 
m oisture con ten t increases, i t  m ay appear strange 
th a t  th e  dep th  of th a w  does no t also increase as the 
m oisture con ten t is increased. H ow ever, the la ten t 
hea t o f fusion cap ac ity  of the soil varies in propor­
tion  to  th e  m oisture  con ten t and, in the case of the 
peat and  silt loam stud ied , acts very  nearly  to  com­
pensate fo r  the  increase in  the therm al conductiv ­
ity . In  th e  case of sand or g ravel, the  la ten t heat 
of fusion capac ity  increases faste r th an  the effect 
of th e rm al co n d u c tiv ity , and as a resu lt the depth 
of th a w  is less in  w e t th an  in d ry  sand or gravel. 
The effect o f density  on dep th  of th aw  is very p ro ­

nounced in sand or g ravel, w ith  a range of about 
15 f t  from  m axim um  to m inim um . H igh density in 
e ither silt loam or g ravel causes thaw ing  to  g rea ter 
depths th an  does low density. I t  is evident th a t  
g rea te r  depths of th aw  are  likely to  occur in 
coarse-grained m ateria l, such as gravel, th an  in 
fine-grained m ate ria l, such as silt loam. (Ref. 37.)

E xam ination of Table 2A 8-2 w ill show th a t  co r­
rection  fac to rs fo r  sum m er are very  m uch g rea te r 
th a n  fo r w in te r. T hus, backfreezing d u ring  the 
w in te r  w ill be re la tively  less effective un der a 
b itum inous su rface  th an  thaw ing . Consequently, 
a t  the  end of each successive sum m er of thaw ing , 
the up per su rface  of the perm afrost w ill be lower. 
C alcu lation  of the  dep th  a f te r  more th an  one sum ­
m er can be m ade by tak in g  a to ta l thaw ing  and 
freezing  index fo r the  period considered. In  doing 
so, th e  freezing  index (using the w in te r correction 
fa c to r)  m ust be su b trac ted  from  the th aw ing  
index (using  th e  sum m er correction  fa c to r) .

T haw in g  u n d er a bu ild ing  depends to  a large 
ex ten t on the  size of the  building. A long, n a rro w
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FIGURE 2A8-14
Com puted  Depth of Thaw in Peat, Silt Loam, Sand, and Gravel, Fairbanks, A laska  I Ref. 371

bu ild ing  w ill have a lesser dep th  of th aw  th an  a 
square bu ild ing w ith  th e  same g round  area because 
of the difference in  hea t flow la tera lly . In  general, 
the dep th  of th aw  in perm afrost un der a building 
subject to  a un iform  in te rio r heat condition is pro­
portional to  the square roo t of the  tim e during  
w hich the hea t condition is m aintained. (Ref. 37.) 
This m ay be deduced from  equation  (2A 8-12b). 
N O TE: H ere IaC m ay be replaced by T t, w here t  is 
the tim e in days of th aw ing  and T  the difference 
between building floor and perm afrost surface.

Example 2
A sample calcu la tion  using equation  (2A 8-13) 

and available d a ta  from  observations of the hangar 
a t  N o rth w ay  A irfield, A laska, follows, based on

uniform  soil conditions and th e  assum ption th a t  
there is no la te ra l h ea t flow.
For sandy soil,

w  — 25 percent 
p = 9 3  lb /c u  f t

Cp =  0.17
T  =  60° F (a t  floor su rface) -  32° F =  28° F 
L =  143.4 w p =  1 4 3 . 4 ( ^ 9 3  

=  3,334 B tu /c u  f t
The han gar was co n stru c ted  in 1943 and heating  
s ta rted  on 1 N ov 1943.

(1) W here com puted dep th  of th aw  from  
tim e of construction  to  1 N ov 1945 ( t  =  730 days) 
is found, in the follow ing equation , to  be
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PROBLEM 3Z = 48 X  1.62 X  28 X  730 
3,334 +  -2-8- ^  93 (0.25 +  0.17)

1,590,000 
3,334 +  560 =  V 4 0 8  - 20.2 f t

N O T E : In  th is equation  the term  fo r the heating of 
the  frozen  g rou nd  to  th e  m elting point

( 3 2 - T o) ( 0 . 5 ^  +  CpP)
has been om itted . The resu lting  e rro r is very small 
because perm afrost tem pera tu res in the Fairbanks 
region are close to  32° F. L atera l flow w ill become 
p a r tic u la r ly  im p o rtan t as the depth of thaw  ap­
proaches th e  bu ild ing  dimensions; thus, the value 
of 2  fo r 30 years m ay be appreciably too large.

(2 ) W here com puted depth of th aw  from  
tim e o f con struc tion  to  1 N ov 1946 ( t  =  1,095 
days) is

Z =  2 0 .2  = 2 0 .2  x 1.225 =  2 4 .8  f t
A c tu a l dep th  w as 22.5 f t .

(3 )  W here com puted depth of th aw  in 10 
years ( t  =  3,650 days) is

Z =  2 0 .2  = 2 0 .2  x 2.24 =  45.2 f t
(4 ) W here com puted depth of th aw  in 30 

years ( t  = 10,950 days) is

Z = 20,2 = 20,2 x  3,88 = 78,4 ft

The size of th is bu ild ing  is 162 by 208 f t, and 
the  concrete  floor w as placed d irectly  on a sand 
and  g ravel fill. For a bu ild ing w ith  a large ground 
area, these ca lcu la ted  depths w ould be very nearly 
co rrec t a t  th e  cen ter of the  area. H ow ever, la te ra l 
heat flow w ould  reduce th e  accuracy  a t the edges. 
(See Ref. 37, p. 31.)

I t  should be em phasized th a t  the foregoing 
m ethods are  definitely approxim ate, even w ith  the 
inclusion of fac to rs  th a t  consider the heating  of the  
th aw ed  g rou nd . P a rtic u la rly , no t all of the flow of 
hea t in to  th e  p erm afro st p rio r to  m elting has been 
considered. Because o f . this, even equation 
(2A 8-13) w ill s till give calcu lated  depths of th aw  
g rea te r  th a n  those observed.' I f  the perm afrost 
tem p e ra tu re  is n ear 32° F, the resu lting  e rro r is 
p a r tic u la r ly  smalL

Freezing and thaw ing in still, fresh water. 
C arslaw  and Jaeger (Ref. 36, p. 73) have given 

a theoretical trea tm en t of this problem  a f te r  N eu ­
m ann. The solution is s tr ic tly  applicable only fo r 
pu re  w a te r. I f  th e  w a te r  is m oving rap id ly , the 
values of a  and J fo r  still w a te r  are of course no t 
applicable.

This developm ent fu r th e r  presupposes a con­
s tan t surface  tem p era tu re , T 8. Obviously, an aver­
age value w ill generally have to  be used in place 
of this, and if  a ir tem peratu res are used, a correc­
tion fac to r w ill have to  be included.

Z =
2  =  dep th  of ice 
t  = tim e

Values of k  fo r different tem p era tu re  conditions 
are given in Table 2A8-4.
T 8 =  surface tem p era tu re  of ice 
T i =  liqu id  tem p era tu re  as 2  approaches oo (or 

bottom  of pond)
J  is given in cgs un its  and °F
N O T E : /  is approxim ately equal to  0.012\ / T s.

TABLE 2A8-4
Values of k for Different Temperature 

Conditions

T . T ,

0 A ° F o ° c 1 ° C 2° C 3° C 4° C . 5° C0 r 32° F 33.8° F 35.6° F 37.4° F 39.2° F 41.0° F

- 1 30.2 0.012 0.012 0.011 0.011 0.011 0.010
- 2 28.4 0.017 0.017 0.016 0.016 0.016 0.015
- 3 26.6 0.021 0.020 0.020 0.020 0.019 0.019
- 4 24.8 0.024 0.023 0.023 0.023 0.022 0.022
- 5 22.0 0.027 0.026 0.026 0.026 o;o25 0.025

Example 1
Assum ing no supercooling, calcu late  the ice 

thickness and the ra te  of ice form ation in a still 
pond a f te r  the su rface  of the w a te r  has been kep t 
a t an average tem p era tu re  of —5° C (22° F) fo r a 
period of 10 days, assum ing an average value of 
2° C (35.6° F) fo r the w a te r  near the bottom  of 
the pond.

t  = 10 X 24 X 3,600 sec 
2  =  0 .0 2 6 \/ l0  X 24 X 3,600 =  24.2 cm
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d Z  _  J  0 .026_____
d t  î y / t  ~  2 V 1 0  X 24 X 3,600 

=  1.4 X 10-5  cm /sec 
1.4 X 10“ 5 X 3,600 =  0.05 c m /h r  

PROBLEM 4
Thawing and freezing of ground , using cylin­

drical sources or sinks.
T haw ing of g round  to  lim ited depths can be ac­

complished by rem oving the  in su la ting  cover in 
spring, b u t fo r deep thaw ing  th e  m ost common 
procedure is to  sink e ither steam  points o r wells 
th ro ug h  w hich steam  or w a te r  can be c ircu la ted . 
The reverse problem  arises w hen i t  is desirable to 
freeze ground  or to  keep i t  frozen to  g rea t depths.

A developm ent sim ilar to  th a t  used in Exam ple 2 
of th is problem  m ay be used to  ob tain an approxi­
m ate solution.

w here r 3 =  pipe rad ius.
For m ultilayer insu lation ,

Ri =  2R,
w here

In —
n  =  ___n

i 2nkf
ra and rb being the  rad ii of th e  outside and  inside 
surfaces of each layer.

E quation (2A 8-15c) neglects th e  hea t requ ired  
to  raise g round tem p era tu res  and  th e  tem p era tu re  
of the insulation. A som ew hat m ore com plicated 
equation m ay be derived to  include these fac to rs.

A nother approxim ate solution to  the  same p rob­
lem has been given by Pekeris and Slichter. (R ef. 
38.) This solution assumes th e  g rou nd  to  be a t

[ r 22fo ( ^ )  +  P [ l -4 3 4 w  +  Cp (T„t -  T 2) ( r ov -  0.5T 2 -  1 6 )J

4 8 * (T 1 -  32) (2A 8-15a)

t*! =  rad ius of th aw in g  o r re fr ig e ra tin g  pipe in  f t  
**2 =  rad ius of thaw ed or frozen zone in f t  
T i =  average pipe tem p era tu re  in °F 
T 2=  original g round  tem p era tu re  in °F 
k  = therm al conductiv ity  of thaw ed  soil fo r th a w ­

ing problems and conductiv ity , of frozen soil 
fo r freezing problem s in B t u / h r / f t / ° F

T „ =  ( 7 \ -  32) iJ+Ti
(2A 8-15b)

O ther term s have the same m eaning as in equation  
(2A 8-13). E quation  (2A 8-15a) m ay be modified 
if  the source or sink is insulated . T hus,

( r i2 — r 22) (V2 — 2jtAR4) J /o(1.434w )
4 8 £ (T i -  32) “

(2A8-15c)
r-i =  o u te r rad ius of insulation  instead of pipe 

radius
Ri =  resistance fac to r fo r insulation fo r homogene­

ous insulation w ith  con du ctiv ity  ki
In —

R( =  - y2Jt ki

freezing tem p era tu re  so th a t  th e  approxim ation 
becomes progressively w orse as th e  difference be­
tw een the orig inal g ro u n d  tem p era tu re  and th e  
freezing tem p era tu re  increases; th e  accu racy  of 
this solution, like th a t  of th e  previous one, is 
g reatest fo r soil w ith  a high w a te r  con ten t.

, " ( n ) ’ - * [ , + T ( r , - r -)^ r ]
(2A 8-16a)

T i == pipe tem p era tu re  /
T 0= freezing tem p e ra tu re  of g rou nd  a t 0° C 

(32° F)
c2 =  heat capacity  per u n it volum e of th aw ed  m a­

te ria l fo r th aw in g  problem s, o r hea t capacity  
per u n it volum e of frozen  m ate ria l fo r freez­
ing problems

L =  la ten t heat of fusion per u n it volum e 
t  =  tim e in h r  fo r  English system , in  sec fo r cgs 

system
y 0 m ay be obtained from  th e  equation ,

y 0l n y 0 +  1 — y 0 =  J  — T 0)d t  =  F ( y 0 )

(2A 8-16b)
/J jO  =  2 ( y o - _ i ) _ l  +  yo (2 A 8_16c)

y<> y o i l n y o Y  y 0l n y 0
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Both of these functions, equations (2A 8-16b) and 
(2A 8 -1 6c), are p lo tted  in  F igure 2A8-15. For a 
good approxim ation , th e  second term  in equation 
(2A 8-16a) can  be neg lected, th a t  is, y  is approxi­
m ately  equal to  y 0*

Example 1
P erm afro st a t  an  orig inal tem peratu re  of 26° F 

is to  be th aw ed  by c ircu la tin g  w a te r a t an average 
tem p era tu re  of 40° F in a w ell w ith  6-in. OD. Cal­
cu la te  the tim e requ ired  to  th aw  a cylinder of 
rad ius 5 f t .  Assume the  perm afrost to  have the  
follow ing properties.
Cp=  h ea t capacity  of the  d ry  soil =  0.2 B tu /lb /° F  
p = 1 0 0  lb /c u  f t  
w  =  25 percen t 
k  =  1.5 B t u / h r / f t / ° F
U sing equations (2A 8-15b) and (2A 8-15a),

T ov=  (40 — 32) +  40

=  8 (0 .167  -  1.0025) +  40 =  33.2° F

2,000 X  0.25* X  3,590 
* ~  4  X  1 .5 X 8  “  9,270 h r

=  9,270 =  
”  24 386 days

I f  the second te rm  in equation  (2A 8-16a) is not 
neglected,

45
-  X  8  - yo

yo [ l + o 1 0 3 ^ 1  =  400*  J
For y 0 ^  400,

f(yo) _
yo - 0.112

From  F igure 2A8-15, 
400yo = =  4051 -  0.103 X 0.112 

F (y0) = 2,015 
t  =  9,340 h r  or 389 days
Difficulties sim ilar to  those in the preceding Ex­

ample are freq u en tly  encountered  in perm afrost

100(1.434 X  25 +  0.2) (33.2 -  26) (33.2 -  0.5 X 26 -  16)
48 X 1.5(40

(74.9 -  12 .5 )10 0(35 .85  +  1 .4 4 +  1.05)
48 X  1.5 X  8

=  416 days
U sing equations (2A 8 -1 6 a), (2A 8-16b), and
(2 A 8 -I6 c ) ,

L  =  1.434uv> =  1.434 X 25 X 100 
=  3,590 B tu /c u  f t

c2 =  P ~  (0.25 +  0.2) 100
=  45 B tu /c u  f t / ° F  

T 1 - T 0 = 40 -  32 =  8° F

-  32)

400
I f  the second te rm  in  equation  (2A 8-16a) is 

neglected,
y„ -- 400

From  F igure  2A8-15 and  equation  (2A 8-16b),
4 XF (y0) = 2,000 = 0.252 X

1.5 f t  
3,590 J 0 id t

_ r  4 X 1 .5  -j |_0.252 x 3 ,59oJ

regions, p a r ticu la r ly  i f  large-scale excavation is 
con tem plated . In  ac tu a l p ractice, in m ost cases 
steam  or w a te r  is no t c ircu la ted  w ith in  a closed 
system, b u t simply forced in to the g rou nd  and 
allowed to  percolate to  the surface. W hen this is 
done, i t  is possible fo r the  w a te r  to  c ircu la te  to  
some ex ten t th ro u g h  the  soil so th a t  there  is an 
appreciable am ount of hea t transm ission by con­
vection ra th e r  th an  by o rd inary  conduction. T hus, 
if  th is m ethod of c ircu la tio n  is used, the  results 
m ay be appreciably b e tte r  th an  indicated  by the 
preceding type of calcu lation . I f  the gravel is 
qu ite  coarse, th is effect w ill be so pronounced th a t  
the foregoing types of calcu lation  are meaningless. 
(See Exam ple 2 of this Problem .) To an approxi­
m ation, the foregoing m ethod in some cases m ight 
be used if  t*i w ere replaced by an effective radius 
corresponding roughly  to  the radius of the zone 
th ro u g h  w hich percolation is occurring .

In  ac tu a l p ractice , because of economic con­
siderations, the th aw ing  is commonly discontinued 
before the desired rad iu s of the thaw ed zone has 
been obtained. W hen the  th aw ing  is discontinued,
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FIGURE 2A8-15
Functions of Equations i2A8-16b) and  (2 4 8 -16c J
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th e re  w ill, o f course, be a  considerable am ount of 
h ea t sto red  in  the  soil th a t  has been raised to  
tem p era tu res above th e  freezing point. This heat 
is available fo r  fu r th e r  th aw ing  and w ill in tim e 
diffuse from  the  source, causing fu r th e r  thaw ing. 
W hen th aw in g  is discontinued p rem aturely , i t  is 
therefo re  necessary to  allow  sufficient tim e to  elapse 
before excavation  begins so th a t  this diffusion m ay 
tak e  place; in  p rac tice , th is time has been as m uch 
as tw o  years. The a c tu a l calcu lation  of the tim e 
requ ired  has no t, so f a r  as is know n, been a t ­
tem pted. In  view  of th e  approxim ate n a tu re  of 
these solutions, i t  does no t seem w o rth  while a t 
th is tim e to  give any solution to  this problem, p a r­
tic u la r ly  because i t  w o u ld  depend ra th e r  strongly 
on the tem p era tu re  of th e  source as a function of
tim e, ra th e r  th an  on t (T 1 - T 0)d t, and on

J °fac to rs  no t considered in  the previous trea tm ent. 
A n approxim ate ca lcu la tion  can be m ade of the  
d u ra tio n  o f c ircu la tio n  requ ired  to  th aw  any zone 
of any shape. This calcu la tion  gives only the m ini­
m um  am ou n t o f h ea t required , and if  only th is 
m inim um  is supplied, an  infinite am ount of tim e 
w ill be requ ired  to  th a w  th e  soil a t  the point f a r th ­
est from  the  source; a generous m arg in  of safety 
should, th erefo re , be included. This calculation 
m ay be m ade by  using th e  equation

H  = n ( r j -  n * ) 2 p ^ +  Cp)  (T„t -  32)
(2A 8-17)

to  give th e  am ount o f h ea t in the thaw ed zone 
w hen c ircu la tio n  is stopped above th a t  required  fo r 
thaw ing .

W hen th ere  is an appreciable am ount of c ircu la­
tion of w a te r  th ro u g h  th e  gravel, H  can be b e tte r 
determ ined experim entally  if  a record of w a te r  
tem p era tu res and  volum es has been kep t. Thus,

H  =  j  * {T 1 - T 0) g d t
T i =  in p u t tem p era tu re  
T 0= o u tp u t tem p era tu re  
g  =  ra te  in  lb /h r  
t = tim e in  h r

I f  this m ethod is used, th e  to ta l H  obtained should 
be used in  equation  (2 A 8 -1 8 ), and r 2 in  th a t  equa­
tion  should be replaced by r*i.

This h ea t w ill, in  an  infinite am ount of tim e, 
diffuse to  th a w  an  add itional am ount of soil, the  
rad ius p f  w hich  m ay be calcu la ted  as

(2A 8-18)
w here 1*3 is the rad ius of the to ta l thaw ed zone a t
t  =  00.

I t  is, of course, possible to  get some idea of the 
ra te  a t w hich the  rad iu s w ill continue to  increase, 
im m ediately a f te r  c ircu la tion  has ceased, by e x tra ­
polation (a  nonlinear ex trapo lation) of the ra te  
d u rin g  circu la tion , because the ra te  w ill no t 
change ab ru p tly  w ith  th e  cessation of circulation .

In  m ost instances in  w hich this m ethod of th aw  
has been used, the  area  to  be thaw ed has been so 
large th a t  i t  w as necessary to  p u t down a la ttice  
of wells. T he spacing to  be employed in such a 
problem  m ust be calcu la ted  by balancing the cost 
of p u tt in g  dow n wells and supplying the necessary 
d istribu tion  system against th e  tim e available fo r 
thaw ing , w ith  consideration given to  the therm al 
properties of the soil and  the therm al properties 
and cost of the c ircu la tin g  m edium . The optim um  
arrangem ent of pipes is on a tr ia n g u la r  la ttice , 
though  rec tan g u la r  arrangem ents have been used 
(F igure  2A 8-16).

In  th e  region a roun d  Fairbanks and Nome, 
A laska, th is m ethod has been extensively uséd. For 
shallow th aw in g  i t  has generally proved most eco­
nom ical to  drive points of % -in. to  1 %-in. diam , 
w ith  a spacing of 12 to  16 f t  betw een centers. For 
deeper th aw ing , 6 -in. wells have been bored, and 
pipes of usually  IV2-1u. diam  have been set in the 
holes. In  th is case, th e  spacing has usually  been 
abou t 30 f t .  W ith  average w a te r  tem peratu res 
of 45° to  50° F, th e  th aw in g  is usually  complete 
in from  5 to  15 weeks fo r  the driven points and in 
from  1 to  3 fu ll th aw in g  seasons w ith  the set 
points. In  the  la t te r  case, usually  an additional

0 0 0 0 0
// . \ - l
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F IGURE 2A8-16

O ptim um  Lattice for Thawing or Freezing
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tim e in te rva l is allow ed to  in tervene before excava­
tion or dredging is begun. The times calcu lated , 
assum ing circu la tion  w ith in  a closed pipe system, 
are of the order of ten  times as g rea t as those 
previously discussed and observed w hen percola­
tion occurs. The th aw ing  is followed by observing 
tem peratu res in app ropria te ly  spaced tem pera tu re  
holes. (See par. 2A 8.08.)

Example 2
A colum n of soil is to  be frozen by c ircu la ting  

brine in a 6-in. well. C alcu late  the  radius of the 
frozen colum n on M arch 1 if  c ircu la tion  begins 
N ovem ber 15, assum ing the  follow ing:
Cp =  - 0 .2  B tu / lb /° F
p = 1 0 0  lb /c u  f t
w  =  25 percent
k  = 2.5 B t u /h r / f t / ° F
n  =  num ber of the  day in the year
Brine tem p era tu re  can be approxim ated by the 
equation

Tx , . r .  • i t( « + 7<>)i
182.5 J

T i -  32 =  3 — 35 sin
U sing equation (2 A 8 -1 6 b ),

_  4 X 2 - 5
F(y.) -  0 .2 5 2  X 3,590

Jt(» -j- 70) 
182.5

35 sin (n  H- 7 0 )1 
182.5 Jdt

2 4 » =  t
d t  =  24 dn

60
-46 dn  — 354 X 2 . 5 X 2 4 f ,  f é i  

^  0.252 X  3 ,5 9 01 J-<

f  60 . « ( * + . 7 0 ) 1 ,/ sin — , -—  dnJ - 4 6  182.5 J
= 1.07 j^3 (60 -)- 46) +  35 X

0.413) J182.5 (cos 2.24 — cos
=  1.07[318 +

2 ,0 3 3 (cos 128.3° F -  cos 23.6° F ) ]  
=  1 .07[318 +  2 ,033( —0.620 -  0 .9 1 6 )]
=  1.07(318 -  3,122)
=  -3 ,0 0 0

N eglecting the  second term  in equation  (2A 8-16a), 
y  =  y oy and using F igure 2A 8-15, y0 =  567

r 2 =  y / l 67 X 0.25 =  5.96 f t

Problems of the  type tre a ted  in this exam ple are 
occasionally encoun tered  in  tem pera te  zones w here 
i t  is necessary to  stabilize banks d u rin g  excavation . 
A related  problem  is encoun tered  in perm afrost 
regions w here i t  is necessary to  keep banks frozen. 
(See Example in p a r. 4 of 2A 8.03.)

Q uite  commonly, situations m ay be encoun tered  
in w hich a th aw in g  or re fr ig e ra tio n  m edium  is 
being c ircu la ted  in  a pipe w hen th aw ing  o r re fr ig ­
era tion  is no t desired. Such situations develop in 
the cases of bu ried  sewers, w a te r  pipes, and  so on. 
A nother such problem  developed in the  exp lo ration  
fo r petroleum  in  n o rth e rn  A laska. C alculations 
sim ilar to  those ou tlined  above showed th a t  the  
circu la tion  of w arm  d rilling  m ud  d u rin g  th e  d r ill­
ing of deep wells w ould  cause sufficient th aw in g  
around  the pipe so th a t  th e  foundations of the  
drilling  rig  w ould  be im paired before the  desired 
depths w ere reached. T herefo re , p recau tio n ary  
m easures w ere considered.

For example, calcu lations w ere  m ade to  ascer­
ta in  the effects o f cooling th e  d rilling  m u d  before 
recircu lation . T he effects o f in su la ting  th e  pipe 
w ere also considered. F inally , th e  m ud w as cooled 
p rio r to  rec ircu la tion  and concentric  pipes w ere 
used so th a t  an  in su la tin g  airspace w ould  be 
present; m oreover, a rad ia tion  shield w as inserted  
in the  airspace to  fu r th e r  reduce th e  hea t tran sfe r. 
A diagram  of th is in sta lla tio n  is shown in  F igure  
2A8-17. The effects of the  in su la tin g  airspace, the 
rad ia tion  shield, and  m ud  cooling are illu s tra ted  in 
the approxim ate resu lts  given in  T able 2A 8-5.

TABLE 2A8-5
Estimated Radius of Thawed Zone

Tim e,
d a y s

H ot m ud, no  
in su la t io n

H ot m u d  
a irsp ace ,  
n o  sh ie ld

H ot m u d  
a irsp ace ,  

w ith  sh ie ld

C o ld  m u d  
a irsp ace ,  

w ith  sh ie ld

40 5 f t 3 ft  1 in. 2 ft  4  in. 2 ft  4 in.
100 l i f t 7 ft 11 in. 5 ft 9 in. 4  ft 2 in.
360 19 ft 15 ft 1 in. 11 ft 5 in. 5  ft  4 in.

Example 3
A n insulated  steam pipe is to  be laid in a perm a­

fro st region. C alcu la te  th e  tim e requ ired  to  th aw  
a 4 - f t  zone su rro u n d in g  th e  insu la ted  pipe. As­
sume the pipe to  be a t  a sufficient dep th  so th a t  
surface  effects need no t be considered. Use the 
follow ing da ta .
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Pipe O D , 6 in.
P erm afro st orig inally  a t  2 5 ° F  (A = 1.2 B tu /h r /  

f t / ° F )
Insu la tion  thickness, 1 f t  (Ai = 0.04 B t u / h r / f t /  

°F)
W ater con ten t, 25 percen t 
D ry  density , 100 lb /c u  f t  
H ea t capacity  d ry  soil =  0.2 B tu /lb /° F  
Steam tem p era tu re , 250° F

Because m ost o f th e  therm al resistance will be 
prov ided by the insu la tion  and the  thaw ed soil, 
assume as an  approxim ation th a t  the  ou ter surface 
o f the  pipe w ill be a t  250° F. This assumption w ill 
be m ore valid  th an  in th e  related  problem  (Exam ple 
5 of Problem  5 follow ing) w here the conditions 
are  approxim ately  th e  same, except th a t thaw ing  
has no t s ta rted .
For use in  equation  (2A 8 -1 5c), 
f i  = 1 +  0.25 =  1.25 
r2 = 4 + 1  + 0 .2 5  =  5.25
r 3 =  0.25 
A = 1.2 
A, = 0.04 
w  = 25
p = 100

In
R i  =

1.25
0.25

2ji0.04 6.40

F IGU RE 2A8-17
Oil W ell W ith Ad jacent Piling— Refrigeration  

and Temperature Wells

5.252l» f^ ü +  (1.252 -  5 .252) (V2 -  2n X  1.2 X 6.40)1 100(1.434) (25)
(48) (1 .2) (250 -  32)

=  343 days
E quations (2A 8-15a) and (2A 8-15b) or (2A8- 

16 a), (2 A 8 -1 6 b ), an d  (2A 8-16c) m ay be used in 
con junction  w ith  e lec trica lly  heated probes to de­
term ine th e  th e rm al properties of soil in place in a 
m anner sim ilar to  th a t  discussed in Problems 3 and 
5 in  p a r . 2 of 2A 8.04. I f  these equations are to  be 
used in  th e  form  given, how ever, an additional 
therm ocouple probe o r probes w ould have to be p u t 
dow n a t  a d istance from  the source. I t  should be 
no ted  th a t  these equations are approxim ate; th e  
resu lts, th e re fo re , w ill no t be as significant as those 
ob tained using  F ig u re  2A8-11.

PROBLEM 5
Qualitative considerations and general comments 

w ith  regard to beat transmission in permafrost 
regions.

a. Coefficient o f Thermal Conductivity.
(1 ) Above freezing, i t  increases slightly  

w ith  an increase in  m ean tem peratu re .
(2 )  Below freezing, fo r soil of low mois­

tu re  con ten t, i t  shows very  little  change; fo r 
g rea te r  m oisture con ten t, i t  shows an increase fo r a 
decrease in tem p era tu re .

(3 ) For a change from  unfrozen  to  
frozen soil, i t  changes variab ly , according to  the 
m oisture con ten t; fo r d ry  soil, i t  does no t change; 
fo r soil of low m oisture con ten t, i t  decreases; and 
fo r soil o f high m oisture con ten t, i t  increases.

(4 ) A t a con stan t m oisture con ten t, i t  
increases w ith  an increase in  d ry  density. The ra te  
of increase is abo u t th e  same fo r all m oisture con­
ten ts  and  is no t m arked ly  different fo r frozen or 
un frozen  soil.
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(5) A t a constan t d ry  density, i t  in­
creases w ith  an increase in m oisture content.!(6) For sa tu ra ted  un frozen  soil, i t  de­
creases w ith  a decrease in density. For sa tu ra ted  
frozen soil, the d a ta  indicate no well-defined re la­
tionship betw een density and conductiv ity .

: (7) I t  varies, in  general, w ith  the 
te x tu re  of the soil, being high fo r gravel and sand, 
lower fo r sandy loam, and lowest fo r silt and clay.

(8) I t  differs appreciably fo r different 
soil m inerals. Q u a rtz  has g rea te r conductiv ity  
th an  plagioclase feldspar and pyroxene.

(9) A n g u la r soil particles have from  20 
to  50 percent g rea te r  con du ctiv ity  th an  rounded 
soil particles.

The specific heats of d ry  soil are all approxi­
m ately the same and  v a ry  in proportion  to  the 
tem peratu re .

Thé coefficient of th erm al conductiv ity  of ligh t­
w eight concrete slabs has been found to  vary  
d irectly  according to  th e ir  densities.

M aterials th a t  have low con du ctiv ity  w hen dry  
are very poor insu la tors w hen w et. V ery few  in­
sulating  m aterials do no t absorb w a te r  w hen i t  is 
present. (See Ref. 37, pp. 58, 64.)

b. Effects o f  N atural Vegetative Cover. 
Less th aw ing  occurs un der n a tu ra l vegetative 
cover th an  in places w here the cover has been 
partia lly  or en tire ly  removed. The deepest th aw ­
ing occurs w here the  cover has been entirely  
removed.

Colder g round  tem pera tu res occur w here the 
n a tu ra l vegetative cover is le ft ra th e r  th an  in 
places from  w hich i t  has been removed, because the 
ground freezes solid earUer in the season if  there 
is less thaw ed m ateria l to  refreeze and because 
frozen ground  is a b e tte r  therm al conducto r than  
unfrozen  ground .

N a tu ra l su rface  vegetation  acts as- an insu la tor 
du ring  the sum m er, w hen i t  is d ry , and as a good 
therm al conducto r d u rin g  the w in te r, w hen it  is 
sa tu ra ted  and frozen. I t  disperses considerable 
heat d u ring  the  sum m er by transp ira tio n . Re­
moval of surface  vegetation  causes subsequent sea­
sonal th aw ing  to  g rea te r  depths. (See Ref. 37, 
pp. 60, 63.)

c. Base Courses. W hen a g ra n u la r  or gravel 
fill is being placed on frozen silt or frost-heav ing  
m aterials, th e  fill should, be placed im m ediately 
a f te r  stripping or w ith o u t stripp ing  to  avoid th aw ­

ing the subgrade. A thaw ed  subgrade becomes 
quagm ire in w hich tra c to rs  bog dow n, g rea tly  de­
laying the w ork . To p reven t delays in backfilling 
and consequent th aw in g , i t  is essential to  have the  
fill m aterials stockpiled ad jacen t to  the  w o rk , 
because hau l roads o ften  b reak  dow n u n d er heavy 
traffic.

A fill of coarse-grained m ate ria l un der th e  floor 
of a building is no t effective as an  in su la to r in  p re ­
venting heat tra n s fe r  in to  the  g round . H ow ever, 
the fill w ill reduce and  equalize th e  effect of se ttle­
m ent in the subgrade as w ell as provide im proved 
drainage. Results of calcu lations based on d a ta  
from  field and lab o ra to ry  tests indicate th a t  dep th  
of th aw  is g rea te r  in  coarse-grained m ateria ls 
(sand and g ravel) th a n  in  fine-grained m aterials 
(silt and p ea t). T h a t portion  of a fill placed below 
the g rou nd -w ate r tab le  w ill be som ew hat m ore 
effective th an  the  po rtion  above th e  g ro u n d -w a te r  
table in reducing th e  dep th  of th aw . (See Ref. 37,
pp. 61, 62.)

d. Size and Location of Buildings. T haw in g  
under large, heated  buildings w ill be g rea te r  th an  
under small ones o r long, n a rro w  ones, o ther condi­
tions being the same, because of edge effects.

U nder large, heated  buildings the perm afrost 
table w ill be low er on the  sou th  side of the  bu ild ing 
area th an  on the  n o rth  side because of the g rea te r  
am ount of solar rad ia tio n  received on the  sou th  
side. This m ay cause d ifferen tia l settlem ent of the  
s tru c tu re  and m u st be considered in the design. 
(See Ref. 37, pp. 61, 62.)

2A8.05 RADIATION

1. R A D IA T IO N  E Q U A T IO N . The equation  
(Ref. 39, p. 50) generally  used fo r heat transm is­
sion by rad ia tion  is

(2À 8-19)
q =  B tu /h r
A  •= area of one of surfaces in  sq f t
Tiy To =  tem p era tu res of tw o  surfaces in °F 
Fa = shape fa c to r
Fe =  em issivity fa c to r
(See Table 2A8-6 an d  also s tan d a rd  handbooks.)

Most of the problem s encoun tered  in th e  P olar 
Regions in w hich h ea t transm ission by rad ia tion  is 
im p ortan t have th e ir  co u n te rp a rts  in p rac tice  in

2-108



TABLE 2A8-6
Radiation Betw een Solids— ■Factors for Use in 

Equation I2 A 8 -19 I IH o tte ll (Ref. 39. p. S4 I

C a se
S u r fa c e s  betw een  w h ich  

rad ia t ion  is  b e in g  
in te rch an ged

A

Area
an g le
factor

F;l

Em issiv ity
factor

F p '

1 - In fin ite  para lle l p lan e s E ither 1
1

I + i - i
P. P2

.2
C o m p le te ly  e n c lo sed  b o d y ,2 

sm a ll co m p are d  w ith  e n ­
c lo s in g  b od y  ( su b sc r ip t  1 
re fe rs to en c lo se d  b o d y )

A , 1 Pi

3
C o m p le te ly  en c lo sed  b o d y ,2 

la rge  c o m p are d  w ith  e n ­
c lo s in g  b od y  ( su b sc r ip t  1 
re fe rs to  en c lo sed  b o d y )

A , 1
1

I  +  I - i
Pi P2

4
C o n ce n tr ic  sp h e ré s  o r  in f i­

nite c y lin d e rs  ( su b sc r ip t  1 
re fers to  en c lo sed  bod ies,  
2 to su r ro u n d in g s )

Ai 1
I +  { ■ ' ( ! - 1)
Pi A 2\ p 2 /

'P, and p2 are individual emissivities.
E n c lo s e d  b o d y  m u st  con ta in  no n e ga t ive  cu rvatu re  if A i  is  used. Rep lace  
a n y  d im p le s  in su rfa c e  by  e q u iva le n t  p lan e s in ev a lu a tin g  A ,, and ra ise  
effective e m is s iv ity  from  p, tow a rd  u n ity  in proportion  to depth  of d im ple.

th e  T em perate  Zone. W ith  respect to  them , refers 
ence m ay be m ade to  s tan d ard  handbooks.

2. SOLAR H E A T IN G . Solar heating is p a r ­
tic u la r ly  im p o rtan t in  perm afrost regions because 
it  is used very  effectively in thaw ing . In  gold 
m ining, frozen  g ro u n d  is freq uen tly  thaw ed, a f te r  
rem oval o f th e  overburden , by simple exposure to  
the  a ir  and  sun d u rin g  th e  sum m er. The exposed 
m ateria ls alw ays have very  high emissivity and  
absorb a considerable am ount of heat. In  the F a ir­
banks area , an  average o f about 2,000 B tu /sq  f t /  
day  of solar rad ia tio n  is received a t  the ea rth ’s 
surface  in  Ju n e ; by  O ctober this has fallen to  an 
average o f abo u t 300. The am ounts falling on 
sou thern  slopes are, o f course, g rea te r than  th e  
am ounts on fla t te r ra in  or n o rthern  slopes because 
the in ten sity  of rad ia tio n  depends on the cosine of 
the angle betw een th e  plane of the e a r th ’s surface 
and th e  line from  th e  su rface  to  the  sun. U n fo r­
tu n a te ly , reliable estim ates of the am ount th a t is 
rad ia ted  from  the  e a r th  do no t seem to  be available 
so th a t  ca lcu la tions of th aw  depths can not be 
m ade from  these d a ta . Experience has shown, how­
ever, th a t  a fresh ly  exposed flat surface w ill u su ­
ally  th a w  to  a dep th  of abo u t 4 in. in one day.

Common p ractice  is to  expose a large surface to  
the  sun. Each day’s th a w  is then  sw ept off by 
w a te r  and carried  aw ay in suspénsion. (See Ref. 
40, p. 190.)

In  recen t years, success has been achieved w ith  
solar th aw in g  w ith o u t im m ediate rem oval of the 
thaw ed m aterials. For th e  best resu lts, the m ate­
rials are  stripped clean dow n to the gravel. W hen 
this is done, i t  has been found possible to  th aw  
down to  abou t 10 f t  in  one sum m er in cen tra l 
A laska and the Y ukon T e rrito ry  and to  depths of 
abou t 25 f t  in th ree  seasons. (See Problem  2 in 
par. 3 o f 2A 8.04.) B ackfreezing to  depths of 6 to  
8 f t  occurs d u rin g  the  in terven ing  w inters, b u t 
this w in te r  fro s t has been dissipated early  in the 
sum m er. (See Ref. 40, p. 190.)
2A8.06 CONVECTION

1. C O N V EC TIO N  EQU ATIONS. As in the 
case of rad ia tion , m any of the problems encoun­
tered  in the P olar Regions are very  sim ilar to  those 
occu rrin g  in practice, in  the T em perate Zone. 
Selected em pirical equations and charts  applicable 
to  certa in  convection problem s are given in F igure 
2A8-18, Tables 2A8-7 and  2A8-8, and equation 
(2A 8 -2 0 ). For fu r th e r  details, reference m ay be 
m ade to  s tan d ard  handbooks or w orks on heat 
transm ission.

For free  convection per u n it area' of surface to  
a ir, H eilm an (R ef. 42, p. 287) suggests using the 
follow ing em pirical equations.

TABLE 2A8-7
Shape Factors for Use W ith Equation  1248-20)

S h a p e B V a lu e s  o f W, inche s

H orizonta l c y lin d e rs 1.061 O u ts id e  d ia m  o f tube
V ertica l c y lin d e rs  g rea te r 1.235 C y lin d e r  length  for len g th s

than  36 in. lon g g rea te r than  3 ft, o th e r­
w ise  u se  W  =  d ia m  x  
length  fo r  product le s s  
than  24 in. (Ref. 168,
p. 168)

V e rtica l p la te s  (n o t recom ­ 1.394, P late  he igh t fo r  h e igh ts
m e n d e d  fo r  h e igh t le s s  
than  24 in .)

24 in. For h e igh ts  
g rea te r than  24 in. u se  
24 in.

H orizon ta l p lates, face  up 1.790' P late  w id th
H orizon ta l p lates, 

face  d ow n
0.890 ' P late w id th

S p h e re s 1.820 . O u ts id e  d ia m

•These v a lu e s  w ere  ob ta in e d  fo r  the c o o lin g  o f heated su r fa c e s ;  w h en  the  
su rfa c e s  a re  co ld e r than  the air, th e  v a lu e s  sh o u ld  p ro b ab ly  be reversed,  
that is, 0.890 u se d  fo r  p la te s  face  u p  a n d  1.790 for th o se  face  dow n.
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FIGURE 2A8-18
Convection  Coefficient for M ov ing  Fluid Through Pipes

« - ■ ( w r a r f e r v - — T f)1266
(2A 8-20)

Q =  flux per sq f t  
(3 =  pressure in mm
T w = rad ia ted  w all tem p era tu re  in 1 
Tf = rad ia ted  fluid tem p era tu re  in
„  _ T W +  T f
*  m  —  ~ I

B and W  are fac to rs  depending on the shape of the 
objects. (See Table 2A8-7 fo r values fo r  common 
shapes.)

The convection loss per u n it area from  small 
horizontal plates and  short ve rtica l cylinders is 
know n to  decrease as the  size of the p late  and the 
heigh t of the cylinder increase. The exac t limits 
of th is increase are  no t know n. U n til f u r th e r  ex­
perim ental w o rk  is done, H eilm an suggests th a t 
24 in. be tak en  as the  lim it. T h a t is, fo r p la te  sizes 
or cylinder heights g rea te r  th an  24 in., the convec­
tion  loss per u n it  area  is assumed to  be constan t 
and  equal to  th a t  of 24 in.

TABLE 2A8-8

Natural C onvection  to A ir  From  Various Shapes  
I  Ref. 41. pp. 2 4 0 -24 1)

S h a p e h

H orizonta l p ip es

Ve rtica l p ip e s m ore  th a n  1 ft h igh

V e rtica l plates, o r  w a lls  m o re  than  
1 ft h igh

H orizon ta l plates, face  u p  
H orizonta l plates, face  d ow n

° < £ r
0 .2 7 (a T )«  22

0 .3 8 (a T ) 0 25*  
0 .2 (a T ) 0 25*

D =  d iam  in ft * S e e  note, T a b le  2A8-7 .
a T =  tem peratu re  d iffe rence  in °F  

h =  film  coefficient in B t u / h r / s q  f t/° F

F igure 2A8-18 m ay be used fo r  heating  o r cool-
DGing of m oving fluid in  pipes. Values of -----over

10,000 are for stream lined  flow, and  values o f ---I*less th an  2,100 are  fo r  stream lined or viscous, flow.

2-110



In term ed ia te  values are  fo r the transition  range 
an d  are  p robably  least reliable.
k  =  th e rm al co n d u c tiv ity  
Cp = specific h ea t 
D  =  ID  of pipe 
X  =  leng th  o r effective length  
G  =  mass velocity  per u n it area 
h — film coefficient or coefficient of heat tran sfe r 

betw een fluid and surface, w hich is equal to  
flux (Q  divided by tem p era tu re  differences 
AT)

[i =  absolute b u lk  viscosity a t tem peratu re  of 
stream

pa =  viscosity a t  t8y su rface  tem peratu re
CThe dimensionless groups — , y , andDG Cp . hD , - , and ,\i k  k  a re

com m only re fe rred  to , respectively, as the Rey­
nolds nu m ber (R e ), P ra n d tl num ber (P r ) ,  and 
N usselt nu m ber (N u ) .

I f  the range  o f tem p era tu re  differences is not too 
g rea t, the tem p era tu re-dep end en t term  in each of 
the  equations in  T able 2A8-8 can be taken  as con­
s tan t. (R ef. 41 , pp. 240-241.) Table 2A8-9 gives 
recom m ended values fo r  surface  conductance to  
still a ir  and across airspaces of the size likely to be 
encoun tered  in  con struc tion  practice. (Ref. 43, 
pp. 114, 120.) (These values w ere determ ined fo r 
35/4r in. spacing. F or n arro w er airspaces, conduc­
tion  becomes m ore im p o rtan t and convection less 
so. The ne t re su lt is an  increase in conductance 
w ith  decreasing thickness of the airspace; for ex­
am ple, fo r  v e rtica l spaces of lA  in. the conductance 
is approxim ately  1.6.) The values in T able 2A8-9 
are  fo r  norm al hea tin g  conditions and include a 
fa c to r  fo r  ra d ia n t hea t transm ission.

2. G R O U N D -W A T E R  MOVEMENT. T rans-

TABLE 2A8-9
Surface and  A irsp a ce  C onductances I Ref. 43, 

pp. 120, 176, 2531

P osition  
of su rfa ce

D irec tion  
of heat  

f low

S u rfa c e -to -a ir
conductance

Conductance
a cro ss

a irsp ace

p =  0.83 p =  0.05 p =  0.83

H orizon ta l U p w a rd 1.95 1.16 1.32
H orizon ta l D o w n w a rd 1.21 0.44 0.94
V e rtica l 1 .5 2 1 0.74 1.17

p =  e m is s iv ity
C o n d u cta n c e  is  in B t u / h r / s q  f t /° F
*A  v a lu e  of 1.65 h a s  a ls o  been  recom m en d ed  for nonre fle cting  surfaces.

mission of hea t by g ro u n d -w a te r m ovem ent is p a r­
tic u la r ly  im p o rtan t in perm afrost regions because 
of th e  effects on the perm afrost. U n fo rtu n a te ly , 
convection problem s in such media as sand and 
gravel are no t am enable to  any simple trea tm en t. 
W here convection is know n or suspected to  be sub­
stan tia l, it  m ust be considered because the  effects of 
w a te r  m ovem ent m ay be g rea t, and in m any cases 
m ay be the governing fac to r. T hus, calculations 
m ade assum ing only conduction to  be im p ortan t 
m ay be rad ically  in e rro r. (See Exam ple 1 of P rob­
lem 4 in par. 3 of 2A 8.04.)
2A8.07 METHODS OF REFRIGERATION 

AND THAWING

1. AIRSPACES A N D  A IR  C IRCU LA TIO N . 
The use of airspaces and  a ir c ircu la tion  un der 
s tru c tu re s  is illu s tra ted  in Figures 2A 6-6, 2A 6-7, 
and 2A6-8. These m ethods have proved to  be 
am ong the m ost usefu l fo r th e  prevention or reduc­
tion  of th aw  u n d er the s tru c tu res. A calcu lation  
of the ra te  of hea t flow in th e  steady sta te  w ith  an 
airspace un der a s tru c tu re  is illu s tra ted  herein. 
For fu r th e r  details regard in g  the convection and 
rad ia tion  calculations, reference m ay be m ade to  
s tan d ard  handbooks. Comparison calculations are 
m ade fo r s tru c tu re s  w ith o u t an airspace and w ith  
a double airspace. (F igure  2A 8-19.)

Example 1A
The follow ing conditions are assumed.

A ir tem p era tu re  in bu ild ing, 7 0 ° F 
G round tem p era tu re  a t su rface , 35° F 
C oncrete thickness, 3 in. 
k  fo r concrete, 0.4 B t u / f t / h r / ° F  
Surface conductance for up per surface of concrete,

1.21 B tu /sq  f t / h r / ° F  (T ab le  2A 8-9)
A irspace conductance, 0.94 B tu /sq  f t / h r / ° F  

(T able 2A 8-9)
O verall conductance, 17, is

U =■
1.21

1
3 /1 2
0.4

1
0.94

0.396 B tu /h r /s q  f t / ° F

Q  =  0.396 X 35° F =  13.8 B tu /h r /s q  f t
W ith  elim ination of the  airspace

U = 1
1 , 3 / 1 2

1.21 ' 0.4
0.689

Q =  0.689 X 35° F =  24.1 B tu /h r /s q  f t
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AIR AT 70* F AIR AT 70* F

_L_
c o n c r e t e  sl a b

AIRSPACE

AIRSPACE

AIRSPACE

i i i i i i i i i i i i i i i i i n i i i u i i i i i j w i iT
GROUND SURFACE, 35*

(A)

’i l l i i i i i n i l i l l l l i l l l l l l l i i i i U J n i i i m  

GROUND SURFACE, 35* F ^

(B)

FIGURE 2A8-19

A irspace  Insulation Under Floor

W ith  a double airspace hav ing  a p a rtitio n  of very 
high conductiv ity  (assum ed oo )

1 | 3 /1 2  .___2 
1.21 ' 0.4 ' 0.94

0.279

Q =  0.279 X  35° F =  9.75 B tu /h r / s q  f t  
Example IB

Using equation
( 1 \ 0-2/ 1 \ 0181

ü )  \ 7 \ )  (T ^ r ' )1'266
(2A 8-21b)

( 1 \°-2/ 1 \ 0181
2 4 /  \ T ( r / -  460 +  35) 128fl

(2A 8-21c)
A more detailed and som ew hat differen t cal­

cula tion  is given below fo r a single airspace. As­
sume the em issivity of concrete and  e a r th ’s su r­
face is 0.85 and  the  su rface  conductance fo r the 
upper surface of concrete is 1.21 B tu /h r / s q  f t / ° F .

From  T able 2A 8-7, B =  0.89 fo r use in  equa­
tion (2A 8-20). For a m ore accu ra te  trea tm en t, 
equation  (2A 8-20) or T able 2A8-8 m igh t also 
have been used here to  ca lcu la te  th e  conductance 
from  the a ir  to  the concrete floor.
Tu = tem p era tu re  of bo ttom  of concrete 
T /=  fluid tem p era tu re
For conduction th ro u g h  concrete, the  overall co­
efficient of hea t tran sfe r

U = 1 » 3 /1 2
1 .2 1 ^  0.4

=  0.689

Q =  0 .689 (70° F -  T tt) B tu /h r /s q  f t  
Conduction across the  airspace m ust also equal

Q  =  Qsa(orQa8) +  Qr (2A 8-21a)
Qsa =  conductance from  low er su rface  of concrete 

to  a ir
Qas =  conductance from  a ir  to  g rou nd  
Q r  =  rad ia tion  from  concrete to  a ir

0.741 (using  T able 2A 8-6)
(2A 8-21d)

Q r 0.172 X  ]

(2A 8-21e)
„  _ r tt +  r,

mi ~  2 
_ r , . +  495

lm 2 “  2

Qsa =  Qas

(2A 8-21f)

(2A 8-21g)
(2A 8-21h)

T hus, there  are  e igh t equations to  be solved sim ul­
taneously w ith  e igh t un know ns: Q , Q afl, Qa8, Qr, T U9
Tfy Tm , and Tm . W hen solved,1 2

Q =  13.3 B tu /h r / s q  f t  
Qr — 10.0 B tu /h r / s q  f t  
Qsa =  Qas =  3.3 B tu /h r / s q  f t

These resu lts a re  p a r tic u la r ly  significant because 
they  show th a t  a very  la rg e  percentage of the  heat 
is conducted by rad ia tion . This m ay be m ateria lly  
reduced by coating  th e  u n d ersu rface  o f the  s tru c ­
tu re  w ith  a m ate ria l o f low  em issivity. For ex­
ample, a coating  of a lum inum  p a in t m ay reduce
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th e  to ta l hea t transm ission to  65 or 70 percent of 
th e  value  w ith o u t such a coating, and alum inum  
sheeting m ay reduce i t  to  35 or 40 percent of the 
value  w ith o u t it.

Example 2
C alcu la te  the  dep th  of th aw  a f te r  th ree years 

u n d er th e  bu ild ing  described in Example 1A, as­
sum ing the soil has a conductiv ity  when thaw ed of
0.67, a m oisture con ten t of 40 percent, and a d ry  
density  o f 81 lb /c u  f t .

Assume, w hen the  bu ild ing is bu ilt, the perm a­
fro s t cover has been rem oved and the upper 1 f t  of 
pe rm afrost thaw ed .

For approxim ate  purposes a satisfacto ry  (and  
conservative, th a t  is, a m axim um ) estim ate will be 
ob tained if  the  hea t used in raising soil tem pera­
tu res  is neglected.

T he th erm al resistance above the original 32° F 
isotherm

R i JL  4-1/11 ___L .1.21 ' 0.4 ^  0.94 ^  0.67 4.01

U sing equation  (2A 8 -1 4 ),

2 (0 .67) J
Z =  dep th  of th a w  below orig inal 1 - f t  isotherm
A fte r  3 years,

/  =  3 X  36 5(70  -  32) =  41,600 
L  =  1 .4 U w P =  1.434 X  40 X  81 =  4,650

41,600 = 4>^ . ° Z (4 .01 +  0.747Z)24
0.747Z2 +  4.01Z  -  2 1 5 =  0 
Z =  14.5

or the to ta l dep th  of the  32° F geo-isotherm  a f te r  
3 years w ill be 15.5 f t .

T he o ther equations given in par. 1 of 2A8.06 
and 2A 8.07 could  also have been used for trea tin g  
the hea t transm ission from  the floor to  the ground, 
as w as done in Exam ple IB.

I f  th e  airspace is om itted , the same type of 
ca lcu la tion  gives 33*4 m onths as the tim e required  
fo r th aw in g  to  15.5 f t .  T hus, an airspace w ith ou t 
c ircu la tio n  of th e  a ir  is no t p a rticu la rly  desirable 
u n d er c ircum stances such as those illu stra ted  in 
the foregoing problem ; th is is because the thaw ed 
g rou nd  provides th e  principa l insulation du ring  
m ost o f th e  tim e.

The preceding calcu lations are all based on the

supposition th a t  the  a ir  u n der the s tru c tu re  is stag ­
n an t. I t  is, of course, possible to  c ircu la te  the a ir 
un der the s tru c tu re  n a tu ra lly  or by forced d ra f t, 
and w hen the a ir  tem peratu res are low, this w ill 
be desirable. The advantages are obvious w hen 
the a ir  is a t a tem p era tu re  m uch low er th an  e ither 
the g round  or bu ild ing  tem peratu res, fo r then heat 
w ill be rem oved from  both  (F igure 2A 8-20). I f  
the a ir  tem p era tu re  is the same as the average air 
tem p era tu re  u n d er the  s tru c tu re  w ith  no c ircu la­
tion, i t  is unw ise to  c ircu la te  air because the con­
duction  coefficients w ill be increased by the veloc­
ity , and  the hea t leak w ill be g rea ter than  for no 
c ircu la tion . I f  a ir  tem pera tu res are higher th an  
the s tag n an t tem p era tu re , i t  is even more disad­
vantageous to  c ircu la te  air. For the case w ith  the 
a ir  tem p era tu re  a t a value low er th an  the s tagnan t 
tem p era tu re  b u t h igher th an  the g round  tem pera­
tu re , there  w ill be some optim um  ra te  of c ircu la­
tion, depending on the  size of th e  s tru c tu re , the 
thickness of the airspace, and the a ir, ground, and 
bu ild ing tem peratu res. Some sample approxim ate 
calculations follow.

Example 3
Assume a 1 -ft airspace, a 50 -ft building length, 

a g rou nd -surface  tem p era tu re  of 35° F, and, as a 
first approxim ation , the tem p era tu re  of the lower 
bu ild ing surface  as 50.7° F (Figure, 2A 8-20) and 
an a ir  tem p era tu re  of 40° F. The problem  is to 
m inim ize the hea t flow to the ground . N o con­
sideration is tak en  here of the desirability  of also 
reducing  the hea t leak th ro u g h  the lower surface 
of the build ing to  a m inim um . This fac to r m ay be 
tak en  in to  account w ith  an increase in the com­
plexity  of the calculations.

I f  T u is 50.7° F and  the g round  tem p era tu re  is
ï ;... 'j,w n ......................... .

- ^  r  'm h  -BUILDING LOWER SURFACE- y’i ’ TEMPERATURE, 70* F:
'  JU ------------------- ------------►

V W V \ \ \ \ \ \ \ \ V \ \ U \ \ V \ \ \ \ \ U U | U \ \ \ U \ U \ U U \ U V \ U \ \ \  

GROUND SURFACE TEMPERATURE, 35* F

FIGURE 2A8-20
Airflow  Under Foundation
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35° F, the a ir tem p era tu re , if  s tag n an t, w ill be 
approxim ately the average of these tw o  values. 
Because the available a ir  is a t  a low er tem p era tu re , 
c ircu lation  is desirable.

Regardless of the ra te  of a ir c ircu la tion , the 
ra te  of heat transm ission by rad ia tion  w ill rem ain 
constan t (assum ing, of course, th a t  the low er su r­
face does rem ain a t 50.7° F ) ;  it  m ay be calcu lated  
easily, as in the previous Exam ple.

For o rd inary  surfaces, such as concrete, the su r­
face conductance, th a t  is, the convection term , w ill 
be given very  approxim ately  by the equation

b = ^ \ + ^ j h 0 (2A 8-22)
h0 = conductance fo r still a ir, w hich m ay be ap­

proxim ated by using Table 2A8-8 or equa­
tion (2A 8-20)

V =  velocity of a ir  m otion in m ph 
h =  conductance fo r m oving a ir

Assume the a ir to be m oving a t 2 m ph. Using 
equation (2A 8-20) m ultip lied  by 1.5, from  equa­
tion (2A 8 -2 2 ), the calculations are

Q sa  =  4.62 B tu /h r / s q  f t  (conduction  from  lower 
surface of bu ild ing to  a ir)

Q(lft =  1.77 B tu /h r /s q  f t  (conduction  from  air 
to g round)

The difference, 2.85 B tu /h r /s q  f t ,  is absorbed, of 
course, by the a ir and raises the a ir  tem pera tu re  
du ring  passage. T hus, in a 50 -ft pa th , 50 X 2.85 
=  142 B tu /h r  w ill be absorbed by the 1 X 2 X 
5 ,280 /cu  f t  of a ir th a t  flows along a l - f t  channel 
under the s tru c tu re . W ith  the hea t capacity  taken  
as 0.0188 B tu /c u  f t / ° F ,  the a ir increases in tem ­
p era tu re  to a first approxim ation by 2

2 X 5,280 X 0.0188
To a second approxim ation , using the average air 
tem p era tu re  ju s t ca lcu la ted , th a t  is, 40 +  0 .72 /2  
=  40.36° F, the heat tra n s fe r  is again calcu lated .

Qm =  4.41 B tu /h r /s q  f t  
Qrt., =  1.92 B tu /h r / s q  f t  
D ifference =  2.49 B tu /h r /s q  f t

The second approxim ation for the tem p era tu re  in ­
crease is then

2.49 X 50
2 X 5,280 X 0.0188 0.63° F

F u rth e r  approxim ations m ay be tak en  as desired to

im prove the accuracy . U sing this value , th e  hea t 
leak to  the g round  a t  the  ou tle t end of the  b u ild ­
ing is calculated.

A ir tem p era tu re  =  40 +  0.63 =  40 .63° F 1 
Q as  =  2.05 B tu /h r / s q  f t

I f  the calcu lation  is repeated  fo r ra tes  of flow of 
2, l l/ 2, 1, and l/2 m ph, th e  resu lts  are:
Approxi- T , outlet,
mation V, mph °F

2 2 40.63
2 V/2 40.72
2 1 40.95
3 l/ 2 41.55

Qos)B tu /h r /sq  f t  
2.05 
1.87 
1.83 
1.86

From the above i t  w o u ld  seem th a t  a velocity  of 
about 1 m ph is the  op tim um  fo r m inim um  th aw in g  
a t the ou tle t end of th e  bu ild ing  (w here , of course, 
the th aw ing  is a t  its w o rs t) . I f  the degrees of 
approxim ation are increased, th is conclusion m igh t 
be slightly altered .

The foregoing tre a tm e n t has failed to  consider 
certain  factors. For exam ple, as th e  a ir is w arm ed, 
it  expands; thus, the  velocity  w ill increase and  the  
heat capacity  per cu  f t  w ill decrease. H ow ever, 
the erro rs in trodu ced  because of these approxim a­
tions are negligible com pared to  those resu ltin g  
because of the approxim ate  n a tu re  of the  equations 
used.

For ac tu a l problem s encoun tered , the cooling 
effect of the cool a ir  on th e  low er surface  of the  
floor m ust be considered. T hus, if  th is w ere con­
sidered in the above exam ple, the optim um  velocity  
w ould be slightly  h igher th a n  ind icated  by the 
foregoing calcu lations. The ex te n t of th is effect 
w ill depend strong ly  on th e  th e rm al resistance of 
the floor.

E xperim ental determ inations of the op tim um  
velocities can be m ade by ad ju stin g  the  ra te  of a ir ­
flow so th a t  the m inim um  o u tle t g rou nd  tem p era­
tu re  is obtained, o th e r conditions being the same.

In  F igure 2A 6-6, an a lte rn a tiv e  m ethod of re ­
frig era tion  usfng a ir  is il lu s tra te d . The calcu la tion  
of the heat exchange betw een th e  a ir  and pipe can 
be trea ted  using equations given in par. 1 of 
2A8.06. For a com parison of a ir , brine, pen tane, 
and oil c ircu la tio n  reference should be m ade to  
the follow ing parag rap h s .

2. LIQ U ID  C IR C U L A T IO N  FO R REFRIG ER­
A T IO N . The c ircu la tio n  of liqu id  th ro u g h  closed 
systems fo r re fr ig e ra tin g  purposes has been in d i­
cated in several o f th e  Problem s previously dis-

2-114



Air Brine Oil Pentanecussed. For the  tem p era tu re  range above 32° F, 
w a te r  is the  m ost obvious medium. For low er 
tem p era tu res, brine or different kinds of oil have 
generally  been used. Com pared below are the re la ­
tive m erits o f a ir , brine, pentane, and petroleum  
c ircu la tion  fo r the  same problem. (See example 
in p ar. 4 of 2A 8.03.)

Example
H ere q  =  1,215 B tu /h r  o r ^  =  24.3 B tu /h r / f t

fo r pipe tem p era tu re  of 32° F. Assume oil, brine, 
pentane, and  a ir  are all available a t 30° F. F irst, 
ca lcu la te  the  ra te  a t  w hich each m ust be c irculated  
to  m ain ta in  a tem p era tu re  of 32° F a t the in p u t 
end o f th e  pipe. Second, calcu late  the tem peratu re  
of each a t  discharge im m ediately a f te r  circulation  
sta rts .

Assume the follow ing da ta  (all a t 30° F ex­
cept \i8).

Values Air Brine Oil Pentane
k  in B t u /h r /

f t / ° F 0.0128 0.31 0.082 0.084
Cp 0.234 0.96 0.51 0.50
jx in l b / h r / f t 0.041 4.6 242 0.73

in l b / h r / f t
a t 32° F 0.041 4.4 236 0.72

D in f t  =  2 in. =  0.167 f t  
X  in f t  =  50 f t

jL  =  24.3 B t u / h r / f t  =  AAAT =  AjiDAT 
=  Aj i(0 .1 6 7 ) (2 )

h 24.3
Jt(0 .167) (2 )

W ith  these d a ta  to  determ ine the values in the first 
fo u r colum ns of th e  follow ing tab u la tio n , F igure 
2A8-18 m ay be used to  determ ine the values in 
colum n 5, and  G m ay be calcu lated  using D and |i 
from  the  preceding da ta .

AD
k

A ir Brine Oil Pentane
300 12.5 47 46

Cp(i
k 0.750 12.7 1,500 4.35

DG 127,000 2,700 2,200 8,200

G 31,000

0.89 0.91 0.95

5.36 4.04 27.6

74,000 3,210,000 35,800
/V A 0 14 .**■ For small te m p e ra tu re  differences, j  is so close to  

1 th a t  using 1 causes only neglig ib le change in the final answ er.

To ca lcu la te  increase in fluid tem p era tu re  d u rin g  
passage (firs t app roxim ation ),

AT 1,215 B tu /h r
G Ib /sq  f t / h r Cp B t u / l b /0

AT = 55,500
G C P

=  7.65° F ( a i r ) ,  0.78° F (b rin e ), 0.034°
(o il), 3.1° F (pentane)

T hus, the  increase in fluid- tem p era tu re  is negli­
gible fo r oil b u t is qu ite  large for a ir  and pentane. 
The ca lcu la ted  increases are excessive, how ever, 
because the ra te  of hea t flow w ill decrease to  a 
value low er th an  w as assumed w hen the pipe 
tem p era tu re  rises appreciably aboye 32° F a t any 
po in t along its length . To take  this in to  account, 
equations (2A 8 -2 3a), (2A 8-23b), and (2A 8-23c) 
m ay be solved sim ultaneously. The th ree unknow ns 
are q> T py and T/.

For any increm ent, d xy along the length, N , of 
the pipe,

T 9 - T p
. cosh-1 —

* - x - - * s z r  (2A,-25*)
T 8 =  su rface  tem p era tu re
Tp =  pipe tem p era tu re  (see.par. 2A8.03)

dq = h2n r(T p -  T f)d x  (2A 8-23b) 
Tf =  fluid tem p era tu re

T f - T ,  = ---------q - j— ~ (2A 8-23c)
‘ 3,600G CP

Tf = fluid tem p era tu re  a t in pu t
This solution neglects heat flow within the ground 
parallel to the pipe. Such a flow does exist because
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in the steady sta te  u n d er the previous conditions 
the tem pera tu re  of th e  pipe is a function  of x 9 as 
are T / and dq.

R eferring  to  the values of G  obtained in  the 
previous example, the  oil is c learly  the least desir­
able m edium  for c ircu la tion  because the ra te  of 
circu la tion  is by fa r  the g reatest and  the viscosity 
is also high. T hus, a m uch g rea te r expend itu re  of 
energy w ill be required  for its c ircu la tion . ( In  this 
case, the conversion of m echanical energy in to  heat 
because of fric tio nal effects w ill cause a g rea te r 
heating  effect in the oil th an  the hea t leak from  the 
pipe to the oil. The change in oil tem p era tu re  is 
still negligible, how ever.) The a ir w ould be the 
most desirable m edium  because of its low viscosity 
and because no recircu la tion  w ould  be necessary. 
To keep the o u tp u t tem p era tu re  a t  a reasonably 
low value, i t  m ight be necessary, fo r some p u r ­
poses, to  increase the ra te  to  several times th a t  ca l­
cu la ted ; pum ping costs w ould  still be less th an  for 
o ther media. In  o rder to  m ake a decision betw een 
the brine and pentane, a q u an tita tiv e  calcu lation  
of costs w ould be necessary. In  m aking such a cal­
culation , the pow er required  fo r c ircu la tion , the 
cost of the m edium , and the cost of appropria te  
heat exchangers w ould  all have to  be considered. 
In  addition, possible corrosive effects of the  brine 
and the fire h aza rd  of w ork ing  w ith  pentane w ould 
have to  be considered.

3. LIQ UID CIR C U LA TIO N  FOR H E A T IN G  
OR T H A W IN G . For thaw ing  purposes the c ir­
culation  problem  differs considerably from  th a t 
encountered in freezing and refrigera tion , because 
it  is usually  m ost efficient to  allow w a te r  to  perco­
late  th ro ug h  soil to  as g rea t an ex ten t as possible. 
(See Problem 4 in par. 3 of 2A 8.04.) W here this 
percolation is desirable, w a te r  is the only m edium  
th a t has proved practicable. For heating  no t in ­
volving percolation, trea tm en ts  sim ilar to  th a t 
used in the previous section m ay be used.

For thaw ing  w here rec ircu la tion  of w a te r  is not 
used, every op po rtun ity  should be used to  increase 
the w a te r  tem p era tu re , if  i t  can be done eco­
nomically. For exam ple, i t  m ay prove desirable to 
sacrifice certa in  hydrodynam ic advantages in 
bringing the w a te r  to  the po in t of use in o rder to 
increase exposure to  the sun and  w arm  air.

The cost of th aw in g  by co ld -w ater circu la tion  
varies enorm ously, depending on w a te r  costs, 
depths required , and composition of the  m aterials;

in general, i t  has been the  p re fe rred  m ethod fo r 
very deep thaw ing.

4. STEAM T H A W IN G . In  the past, steam  has 
frequen tly  been used fo r th aw in g  purposes. I ts  
use offers, of course, trem endous therm odynam ic 
advantages in th a t  fo r  every  pound of steam  p u t 
in the ground, a h u n d red  tim es o r so as m uch heat 
is supplied as by a pound of w a te r  a t  tem p era tu res 
a t w hich it  m ay norm ally  be obtained. H ow ever, 
principally because of high fue l costs, this m ethod 
of thaw ing , w hile very  rap id , does no t in  general 
com pare favorab ly , p a r tic u la r ly  fo r  large opera­
tions, w ith  co ld -w ater th aw in g  from  an economic 
point of view. I t  m ay be p re fe rred  fo r small opera­
tions.

5. H E A T IN G  O R  C O O LIN G  BY CO N D EN SA ­
T IO N  OR EV A PO RA TIO N . E xcept w hen steam  
has been used fo r th aw in g , th e re  do no t appear to  
have been instances in th e  A rc tic  w here ad v an tage  
has been taken  of th e  hea t of vaporization  of v a r i­
ous substances fo r th aw in g  o r freezing. F or freez­
ing segments of g rou nd  o r fo r  re frig era tio n  p u r ­
poses generally, the  m ethod w ould  seem to  offer 
very  g rea t advantages, if  closed systems w ere  used 
w ith  liquids whose norm al boiling points are w ith in  
the range of am bient tem p era tu re  varia tion .

6. ELECTRICAL H E A T IN G . E lec tric ity  has 
been used, p a r tic u la r ly  in Scandinavia and  the 
Soviet Union, to h ea t soil fo r  a g r ic u ltu ra l purposes. 
E ither buried cables or the  in te rn a l resistance of 
the soil m ay be used. To th a w  ground , how ever, 
electrical heating  w ill be of value  only w here 
electrical pow er is ve ry  cheap and  w a te r  is difficult 
to  obtain. I f  th e  electrical resistance of th e  soil 
itself is used fo r heating , a serious d isadvantage 
is encountered because the  resistance of th aw ed  
soil is m uch less th a n  th a t  of the  same frozen m ate ­
rial. C onsequently, once a th aw ed  channel is 
opened up betw een tw o  electrodes in the ground , 
most of the heat w ill be generated  in  th a t  channel 
and m ust then diffuse in to  th e  perm afrost. In  
addition, the resistance of perm afrost is so high 
th a t  very  high voltages and  com paratively  close 
spacing of electrodes w ill be requ ired ; m oreover, 
because of the g re a t change in  con du c tiv ity , vo lt- 
age regulation  m u st be m ade as th aw in g  occurs. 
(See par. 4 of 3C1.02 fo r a discussion of e lectrical 
th aw ing  using e lec trica lly  heated  points.) N eg lec t­
ing any heating  effect, th e  energy  used fo r th aw in g  
frozen soil is

2-116



E =  27 x  P X  ̂  x  143.4 X  2.930 X
10“ 4 k w h /eu  yd  (2A 8-24) 

=  0.01133 tup/k w h /c u  yd
p =  density  in  lb /c u  f t
u/ =  percen t (o f d ry -w eig h t) w a te r
T hus, fo r soil w ith  a density of 100 lb /c u  f t  and a 
w a te r  con ten t of 23 percent, and even w ith  elec­
tr ic i ty  a t  $ 0 .0 1 /k w h , cost w ill be $0 .28 /cu  yd.

E lectrica l hea tin g  does have more practical ap ­
p lication  in perm afro st regions in keeping liquid in 
th e  th aw ed  sta te . This is a problem  p a rticu la rly  
encoun tered  in  w a te r  supply and sewage disposal 
systems. Sim ilarly , heating  m ay also be valuable 
in  keeping oil in  pipelines a t sufficiently high 
tem p era tu res so th a t  pum ping costs are not p ro ­
hibitive. E x te rn a l hea ting  of the pipes, using the  
in te rn a l resistance of the  pipe itself as a heating 
u n it, o r hea tin g  w ith in  the  pipe m ay be used. The 
la t te r  is the m ost efficient as fa r  as electricity  costs 
and  e lectrical and  th erm al insulation are con­
cerned.

Example 1
S tan d ard  ap p a ra tu s  is now available for keeping 

pipes heated  by using  an ex ternal heating c ircu it. 
(See F igure  2A 8-21 .) Assume a 6-in. w a te r pipe 
is prov ided w ith  an  ex te rn a l heating  element and 
covered w ith  1 in . o f asbestos-felt insulation. I f  
th e  am bient tem p e ra tu re  is —20° F and the a ir is 
still, ca lcu la te  th e  energy required  to  keep the 
w a te r  from  freezing. Assume the asbestos felt has 
a k  va lue  o f 0.05 B tu /h r / s q  f t / °  F.

To ca lcu la te  the  h ea t leak in the  steady state, the 
hea t leak  th ro u g h  th e  asbestos fe lt is set equal to  
th a t  conducted  aw ay  from  the cover. Because the  
th ickness of the  in su la tion  is small com pared to pipe 
thickness, its average rad ius, 3.5 in., m ay be used 
instead of the logarithm ic value (see steady sta te) 
fo r the  ca lcu la tion  o f the hea t leak th rough  th e  
asbestos cover. T hus, th e  leak is

q =  kA  ^  (See par. 2A8.03.)
X =  leng th  
r  =  rad iu s 
A z — th ickness 
A  =  area  =  2jrrX

~  =  0 .0 5 (2 * ) 1 .1 ( 3 2  - r . )

FIGURE 2A8-21
Cutaw ay  Show ing  S ing le  Length of H eating  
C a b le  Installed  Parallel With Pipe l Ref. 441

The heat leak by convection from the surface, q09 
is ACAAT.

Using Table 2A8-8,
0.25 /  o  \

( ^ ) [ r , - ( - 2 0 ) ]

=  0.68 ( T , +  2 0 )125

0.27
T a -  ( - 2 0 )  

8_
12

E quation  (2A 8-20) could also have been used in ­
stead o f Table 2A 8-8. The heat leak by rad ia tion  
m ay be ca lcu la ted  using equation  (2A 8-19). T a k ­
ing the  em issivity fac to r w ith  the asbestos-felt 
cover to  be abo u t 0.95,

9rX 0.172 '4 6 0  +  T t
100( " n ) [ (  

( ^ ) > ”

y -
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A t 0.5 f t /s e c  flow ra te , 
G  =  U 2,300 lb /sq  f t / h r

Since q0 +  qr =  q,
1.1(32 -  T,) =  0.68(r# +  20)1!2B +

Solving fo r T a> T 8 =  —4,5° F.
^  =  1.1 [3 2  -  ( - 4 . 5 ) ]  =  40 B t u /h r / f t  

=  11.7 w / f t
Example 2

A w a te r  supply pipe w ith  a 6-in. OD and  a 
5.5-in. ID  is covered w ith  1 in. of insulation; 
k  value =  0.1 B t u /h r / ° F / f t .  The pipe is placed 3 
f t  below the g rou nd  su rface ; k  fo r soil = 1 .1  B tu /  
h r / ° F / f t .  Assume th a t  the pipe has a heating 
elem ent of negligible hea t capacity  centered in  it 
and th a t  the g rou nd  surface  is 10° F. C alculate 
the electrical requirem ents to  keep the  w a te r  
thaw ed  w hen the  ra te  of flow is 5 f t/s e c  and 
0.5 f t/se c . Also, ca lcu la te  the  tem p era tu re  of the 
o u te r surface of the insulation  in bo th  cases.

U sing equation (2A 8-7) (p ar. 2A 8.03),

R  soil =
cosh-1  — r

2nkX  
cosh” 1 36 in.

3 in. +  1 in. cosh 1 9
2 J t ( l . l ) X  

2.88 0.416
6.92X

6.92X
Using equations (2A 8-4a) and  (2A 8-5) (par. 

2A 8.03),
A  log insulation =  - 2 +  Al =  X  2nr*± 2nr'

=  Jl '

R  insulation  =

— J t(r2 +  r x)X  
(4 +  3)

12

J j _

12

X =  1.83X

0.455
0.1 (1 .83X ) X 

From  Table 2A8-10 fo r w a te r  a t  32° F, 
k  =  0.325 
Cp< = 1 .0 1  
\i = 4 .3 3  
p = 6 2 .5
& Ï - 1 5 . 4

D  = ~  = 0.45* i t  12

A t 5 f t/se c  flow ra te ,
G =  5(62 .5) (3 ,600) 

=  1,123,000 lb /  
sq f t / h r

DG-----=  119,000 DG-----=  11,900
/ liX014Using Figure 2A 8-18 and  assum ing ( — I = 1 ,

( m r __n2  ( m r

( ¥ ) “ ( W

=  45

(Assume effective pipe leng th  of 50 f r j j ÿ  109.)

X  =  742

=  526 B tu /h r /  
sq f t / 0F

R&ha =  ù

526 
0.00132

H )

= 76 B t u /h r /  
sq f t / ° F

R  film = 0.00914
X

Thus, in  bo th  cases, th e  film resistance is nearly  
negligible com pared to  th a t  of th e  insulation  and  
the ground . The in su la tin g  value  o f the steel pipe 
w ill also be negligible and  can be neglected. In  
view of the sim ilarity  in  resistance fac to rs , the  
calcu lation  is con tinued  only fo r  th e  5 f t/s e c  flow 
ra te .

„  0.416 +  0.445 +  0.001 0.862
R “  X  “ X

_  4 1 3 2 - 1 0  
q ~ '2 R ~  0.862

=  25.5 B t u / h r / f t  -  75 w / l in  f t
To calcu la te  T  in su la tion  (o u te r  su rface ), e ither 

resistance fac to r m ay  be used w ith  the  value given
above fo r J - .

q  25.5X AT
0.416

X
AT =  25 .5 (0 .416 ) =  10.6° F 
T  insulation =  10.6° F +  10° F =  20.6° F
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TABLE 2A8-10
Approxim ate Thermal and  Physical Properties of Selected Liquids

L iq u id 0 F C onductiv ity, k Heat capacity, C p
V isc o s ity ,  p

Density, Freezing point,
B tu /h r /°  F / f t B tu /°  F /lb . C e n tip o ise s lb . / h r / f t

lb ./cu  ft 0 F

W ate r 50 0.334 1.00 1.31 3.17 62.5 32
32 0.325 1.01 1.79 4.33

Ethyl a lcoh o l 50
- 3 0

0.107
0.110

0.54
0.37

1.5
3.8

3.6
9.2 49 - 1 7 4 .6

Pen tan e 50
- 3 0

0.080
0.084

0.52
0.44

0.26
0.41

0.63
0.99 39 -202

B r in e 50 0.266 0.79 2.8 6.8 74.5 13.2
(2 5  pe rcen t N a C I) 14 0.237 0.78 4.3 10.4

B r in e 50 0.302 0.69 3.5 8.5 77.1 - 1 8(2 5  p e rcen t C a C I2) -10 0.257 0.67 12 29

S e a  w ate r 50 0.320 0.96 1.4 3.4 64 28.6(3.5  pe rcen t s o lid s ) 32 0.310 0.96 1.9 4.6

A v e ra g e  m id co n tin e n t 50 81 196
56fu e l oil, 26.8° A P I 0 860 2,100

V e n tu ra , Calif., 50 39 94 55crude, 28.2° A P I 0 366 890

K e ro se n e 50
- 3 0

0.089
0.095

2.1
5.8

5.1-
46 50

L ig h t  d ie se l oil 50
-22 6.7

33
16.2
80 53

S A E  20 50 310 750
56( lu b r ic a t in g  o il) 0 . . . 5,500 13,000

S A E  40 50 680 640
56( lu b r ic a t in g  o il) 0 4,000 54,000

y  =  v isc o s ity  in c e n tisto k e s  
v = v isc o s ity  in c e n tip o lse s  
p =  den s ity  ( g / c m )
T  =  a b so lu te  tem p e ra tu re  (e ith e r K e lv in  or R a n k in e ).

7 = 5
P

T o  convert v isc o s it ie s  in cen tip o ise s  to lb /h r / f t ,  m u lt ip ly  by 2.42.

N o te s :  M o s t  of the  v a lu e s  g iv e n  fo r  low  tem p e ra tu res are  extrapolated. 
T h e  p rop e rtie s o f th e  la st  fo u r  l iq u id s  va ry  w idely, a n d  the va lu e s g ive n  
sh o u ld  be c o n s id e re d  on ly  repre sen tative . For m a n y  o ils  a va lue  of 0.079 
m a y  be u se d  for the  con d u ctiv ity . H eat cap acitie s o f o ils  and  kerosene are  
a b o u t  0.5. T h e  d e n s it ie s  a re  fo r  o rd in ary  tem peratu res. In  all c a se s  
th ey  a re  so m e w h a t  g re a te r  a t  low er tem peratu res. V isc o s it ie s  m ay  be 
in te rpo lated  or ex trap o la ted  a p p ro x im a te ly  to other tèm p e ra tu re s by u s in g  
tw o g ive n  v a lu e s  to d e te rm in e  a a n d  b in the em p ir ica l e q u ation :  
log  log  (7 +  0 .8 ) =  a log  T  +  b.

T hus, th e re  is no dan ger of the perm afrost being 
th aw ed  by such c ircu la tio n , and even an appre­
ciable increase in  th e  heating  c u rre n t may be 
allow ed w ith o u t th aw in g . A lim ited decrease in 
hea tin g  c u r re n t w ill also be possible. In  this case, 
a film of ice w ill fo rm  in the pipe, reducing the 
area  of the  channel b u t increasing the therm al 
resistance u n ti l  equ ilib rium  is again obtained.

For th e  tra n sp o rta tio n  of oil or o ther fluid, the 
te m p e ra tu re  o f w hich  is to  be m aintained appre­
ciab ly  above 32° F, special provisions m ust be 
m ade to  p rev en t th aw in g  of the perm afrost. A 
possible in sta lla tio n  is il lu s tra ted  in F igure 2A8-22. 
(A pplications to  p a te n t certa in  features of this 
a rran g em en t a re  pending .)

W ith  such an in sta lla tion , au tom atic  controls 
m igh t w ell be used to  reg u la te  the rates of bo th

c u rre n t and airflow  so th a t  fluid tem peratu res w ill 
rem ain sufficiently high and  ou ter pipe tem pera­
tu res  sufficiently low.
2A8.08 TEMPERATURE MEASUREMENT AND 

CONTROL

1. IN T R O D U C T IO N . Many of the problems 
involving perm afrost requ ire  or are m ade easier by 
a know ledge of tem p era tu re  d is tribu tion  w ith in  
the perm afrost. In  addition , tem p era tu re  m easure­
m ents in re fr ig e ra tin g  or th aw ing  systems m ay be 
im p ortan t. For some purposes, s tan d ard  liquid- 
filled glass therm om eters are sa tisfacto ry ; b u t, in 
general, e lectrical m easurem ent of tem peratu res is 
to  be p re fe rred , the  principal advantage being th a t  
the tem perature-responsive element need no t be 
close to  the ind icating  elem ent. For exam ple, tem -
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- FLUID AT T >32° F ' HEATING ELEMENT

FORCED AIR CIRCULATION, T <  32° F

PERMAFROST TO BE MAINTAINED AT 32° F OR LESS

FIGURE 2A8-22

M ethod of M a inta in ing  Fluid A bove  Freezing 
in Presence of Perm afrost

p era tu res th a t  m ay be desired from  a series of wells 
m ay be obtained w ith  therm ocouples or other 
tem perature-responsive elem ents, using a single 
potentiom eter a t a cen tra l location fo r tem pera­
tu re  indication. A lterna tive ly , portab le  po ten ti­
ometers m ight be used to  check the tem pera tu res at 
the top of each well.

2. INSTRUM ENTS. The favored tem p era tu re- 
responsive elements are the therm ocouple, the re­
sistance therm om eter, and the  therm istor. (A c tu ­
ally, therm istors are also resistance therm om eters 
w ith  elements whose resistance increases w ith  de­
creasing tem peratu res.) For most of the applica­
tions w ith in  the  scope of th is technical publication , 
the  therm ocouple w ill probably be p referred .

A therm ocouple consists simply of tw o dissimilar 
w ires joined together, as indicated in Figure 
2A8-23. W hen a tem p era tu re  differential exists 
betw een points A and B, a po ten tia l difference 
exists betw een the tw o  leads. This m ay con­
veniently be m easured w ith  e ither a m illivoltm eter 
or potentiom eter. The la t te r  is m uch to  be pre­
ferred  because w ith  i t  no consideration need be 
given to  po ten tial losses along the leads. Because 
the electrom otive force m easured depends on the 
difference in tem p era tu re  betw een the tw o  ju nc­
tions, A and B, one m ust be m ain tained a t a s tan d­
a rd  tem pera tu re . U sual p rocedure has been to  use 
an ice-w ater b a th  in a therm os flask to  m ain tain  
one junction  a t 32° F. In  recen t years, self-com­
pensating elements have been bu ilt in to  potentiom ­
eters th a t  co rrec t fo r slight varia tions in the 
tem p era tu re  of the s tan d a rd  junction  so th a t  no 
co n stan t-tem pera tu re  b a th  is requ ired . T here is 
evidence, how ever, th a t  the  perform ance of such

a tem pera tu re  com pensating elem ent is n o t en­
tire ly  satisfacto ry , and fo r precision the ice-w ater 
junction  is probably still to  be p re fe rred . A lthough  
any dissimilar m etals m ay be used, the copper- 
constan tan  com bination is the  one m ost generally  
used for low tem p era tu res, p a r tic u la r ly  fo r  sub­
freezing tem peratu res. Therm ocouple w ires and  
recording in strum ents th a t  record  tem p era tu res 
d irectly  are available from  various in s tru m en t 
m akers, as are po ten tiom eters and  m illivoltm eters. 
Also, the s tan d ard  handbooks con tain  tables fo r 
converting m illivolts to tem p era tu res. For a con­
tinuous record, record ing  potentiom eters are avail­
able.

A W heatstone bridge is th e  u su a l m ethod fo r 
m easuring w ith  therm istors and  resistance th e r ­
mometers. In  o rder to  sim plify the lead correction , 
circu its of the type illu s tra te d  in  F igure  2A 8-24 
have been used.

I f  the test lead and  the  th e rm isto r (o r resistance 
therm om eter) leads are from  the  same stock, th e ir  
resistance w ill be very  nearly  th e  same. To correc t 
a therm istor read ing , th erefo re , the  resistance of 
the test lead plus th a t  of th e  common lead is sub­
trac ted  from  th a t  read  fo r the  th erm isto r plus the 
common lead.

Each of the th ree  types of elem ents has its ow n 
advantages and disadvantages. Some of these are 
sum m arized as follows.

(1) Therm ocouples are  easily reproducib le, 
and fo r most purposes no ind iv id ual ca lib ra tion  is 
required . Both therm isto rs and  resistance th e r ­
mometers require  ind iv id ual ca lib ra tion , and  for 
the form er rep ro d u c tib ility  is difficult.

(2) Resistance therm om eters and therm istors 
are not p a r ticu la r ly  rugg ed , and  th e  la t te r  some­
times change in ca lib ra tio n  w ith  tim e. T herm o­
couples are rugged , and u n d e r o rd in ary  c ircum ­
stances corrosion does no t occur and changes in 
calibration  w ith  tim e are negligible.

(3) Therm ocouples are  cheap and  occupy

F IG U RE 2A8-23

D iagram  of Therm ocouple
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li ttle  space, b u t therm istors and resistance th e r­
m om eters are  re la tive ly  expensive and are p a rticu ­
la rly  bu lk y .

(4 ) Therm ocouples are m uch more easily 
m ade and  installed  th a n  e ither of the others; the  
tw o  w ires m ay be w elded together a t the junction , 
o r sim ply soldered o r even tw isted  together.

(5 )  W hen a therm ocouple is used w ith  a po­
ten tiom eter, no correction  need be made for the  
leads. For resistance therm om eters and therm istors, 
such a correction  is necessary as indicated in ( 1 ).

(6) T he v a ria tio n  of resistance w ith  tem pera­
tu re  fo r  th e  resistance therm om eter is approxi­
m ately  linear, b u t fo r  th e  therm istor the varia tion  
is f a r  from  linear. T hus, in terpolation  fo r therm is­
to rs is m ore cum bersom e. The varia tion  of electro­
m otive force of th e  therm ocouple w ith  tem pera tu re  
approaches lin earity  sufficiently so th a t  in terpola­
tion  is easy.

(7 ) T herm isto rs have very  high resistances 
and, consequently , h ea t up  appreciably d u ring  
m easurem ent, p a r tic u la r ly  if  the c u rre n t is a l­
lowed to  flow fo r  any  period of tim e. P recau tion  
should be tak en , th erefo re , to  minimize the  heating 
effect, and  corrections m ay be necessary. Because 
th erm isto r resistances are  usually  m uch lower, th is 
is no t as serious a problem  in resistance therm om ­
eters; on th e  o ther hand, because of the low  
resistance, th e  lead connections become m uch more 
serious fo r  resistance therm om eters than  fo r 
therm istors.

(8 )  T he resistances in the W heatstone bridge

are tem p era tu re  sensitive, and therefore  correc­
tions m ay have to  be m ade, p a rticu la rly  in  portable 
use' w hen the bridge m ay get very  cold. P o ten ti­
om eters have a sim ilar disadvantage in  th a t  the 
voltage of the  s tan d ard  cell is also tem p era tu re  
dependent and  therefo re  m ay requ ire  correction. 
F u rth erm ore , the  cell m ust be pro tected  from  
extrem e cold.

(9 ) W ith  common in stallation , the  degree of 
precision is least fo r the therm ocouple and greatest 
fo r  the therm istor. Precision of th e ,order of 0.1° 
to  0.5° C (0 .18° to  0.9° F) is available w ith  
therm ocouples and  s tan d ard  equipm ent; w ith  spe­
cial potentiom eters, shielded leads, and  constan t 
tem pera tu res a t  the po ten tiom eter, this precision 
m ay be im proved. W hen properly  used by skilled 
operators, precisions of a t  least 0.01° C (0.018° F) 
are obtainable w ith  therm istors.

In  recen t years the techniques fo r using therm is­
to rs have been g rea tly  advanced, and fo r very  
precise w o rk  therm istors are  probably the p re ­
fe rred  elem ent. W here such precision is no t re ­
qu ired , and  fo r general use, therm ocouples are 
probably  the  m ost useful.

3. PLACEM ENT A N D  OBSERVATION. For 
determ ination  of fluid tem pera tu res, the tem pera­
tu res  of re frig era tio n  pipes, and so on, no special 
problem s are likely to  be encountered in placing 
therm ally  responsive elem ents. For very  rap id  re ­
sponse tim e, the  elem ent m ust have a small heat 
capacity , and  fo r the  determ ination  of fluid tem -
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pera tu res a rela tively  large surface  in con tac t w ith  
the fluid.

For accu ra te  gas m easurem ent, the responsive 
elem ent should be shielded from  the surroundings 
if  they are a t a tem p era tu re  different from  th a t  of 
the gas, to  p reven t heat transm issions by radiation . 
(See F igure 2A 8-25.) M aterials of low emissivity 
should, of course, be used fo r shielding.

For any type of m easurem ent, heat leakage along 
the leads should also be sufficiently small so th a t 
the tem p era tu re  a t, fo r exam ple, the therm ocouple 
junction  will no t differ appreciably from  the fluid 
or solid tem peratu re . This last difficulty m ay be 
largely  elim inated by allow ing a foot or so of w ire 
beyond the junction , depending on conditions, to 
come also in th erm al b u t not electrical con tact 
w ith  the solid or fluid.

The accu ra te  determ ination  of g round  tem pera­
tu res  is considerably more difficult because of the 
long tim e required  fo r approxim ate a tta in m en t of 
equ ilibrium  a f te r  an in stallation  is m ade. For 
exam ple, if  a ttem p ts are m ade to  determ ine ground 
tem peratu res by p u tt in g  a s trin g  of therm ocouples 
dow n a recently  drilled w ell (F igure 2A 8-26 ), a 
period of tim e m ust elapse before the hea t gen­
era ted  in d rilling  the w ell has diffused sufficiently 
in to  the ad jacen t soil so th a t  the readings are 
really  characteristic  of soil conditions. This time 
lapse m ay v a ry  from  a few  days to  one or tw o 
years, depending on the m ethod of d rilling  and the 
soil characteristics. I f  accu ra te  tem p era tu re  meas­
urem ents are desired, the am ount of heat generated 
or tran sfe rred  w ith in  the w ell should, of course, 
be as small as possible. O ther slight difficulties are 
encountered, b u t fo r m any purposes they w ill not 
be im portan t. I f  the wells are le ft open or filled 
w ith  w a te r, oil, or some o ther fluid, convection 
cu rren ts  m ay be sufficient to  cause erro rs , p a r­
ticu la rly  in large  holes. In  addition , because of

differences in th erm al properties betw een the  fill­
ing fluid and the soil, the  response to  changes in  
tem pera tu re  w ill no t be exac tly  the same. Also, the 
addition of a fluid a t  a tem p era tu re  above th a t  of 
the ground resu lts in  a dissipation of hea t in to  the  
ground, the diffusion of w hich requires some tim e. 
Finally, m etal casings, if  le f t in  th e  g rou nd , lead 
to  inaccuracies. Perhaps th e  best resu lts  m ay be 
obtained by drilling  sm all holes, rem oving casings, 
and allow ing the therm ocouples or resistance th e r ­
m om eter s trin g  to  freeze in the  g round . E xperi­
ence has shown (R ef. 45) th a t ,  a f te r  d rilling , the  
ra te  a t w hich equ ilib rium  is approached m ay 
be approxim ated em pirically  by a hyperbola so 
th a t  extrapolation  is possible.

As a ru le , tem peratu re-responsive elem ents w ill 
be installed so th a t  they  w ill a c tu a te  devices re g u ­
la ting  the flow of re fr ig e ra tin g  o r hea tin g  m edia, 
or so th a t  an observer m ay con tro l the c ircu la tio n

REFERENCE JUNCTION

F IGURE 2A8-25
Protected Thermal Elements for M easuring  

Fluid Temperatures
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or m ake estim ates of the expected lifetimes of 
projects and  th e  p reven tive  or precau tionary  meas­
ures th a t  m ust be tak en . W hen the problem is one 
of hea t flow in soil, very  serious difficulties may be 
encoun tered  because of the  large volumes and low 
diffusivities involved.

F igure  2A 8-17 illu s tra tes  the n a tu re  of the 
problem . W ith  reference to  this example, the 
cen tra l hole ac ted  as a heat source. The holes 
m arked  P w ere pilings, those m arked R w ere 
re fr ig e ra tin g  holes, and  those m arked T  w ere tem ­
p e ra tu re  m easurem ent holes. O bservations a t holes 
m arked  T  could be used to  determ ine w hether or 
no t re frig e ra tio n  w ould  be required  in the holes 
m arked  R  if  th aw in g  ab o u t the pilings was to be 
avoided. Assume th a t  an  observer decides th a t a 
tem p era tu re  of 32° F a t  T  14, 13, and 16 should 
indicate c ircu la tio n  o r refrigera tion  in the holes 
m arked  R. This decision w ould be adequate (w ith  
re frig e ra tio n  reasonably available) to  assure the  
stab ility  o f the  pilings a t  the northeast and n o rth ­
w est corners of the  foundation . Such action, how ­
ever, m ay be delayed too m uch to  save the other 
pilings because th e  32° F isotherm  m ay well reach 
these o th er pilings before the refrigeration  a t S

Relationship Betw een Freezing Temperature 
and  W ater C o n te n t  for Different Soils 

I  A fte r  Beskow l l Ref. 461

TABLE 2A8-11
Percent Freezable W ater in Soil IA fte r  

Bouyoucosl I Ref. 461

S o i ls
W h en  coo led  

to  29.3° F 
percen t

W hen  cooled  
to 24.8° F 

percent

W hen  coo led  
to 24.8° F 

and  a lso  to 
108.4° F twice, 

percent

N o rfo lk  san d ,
A n n e  A ru n d e l Co., M d . 1.39 1.39

P la in fie ld  fine sand ,
W is.

M ia m i s ilt  loam , 
Ky.

2.94

5.27 5.07
M ia m i s i lt  loam , 

D e la w a re  Co., Ind . 7.05 4.62
V e rn o n  c la y  loam ,

A rc h e r  Co., Tex. 9.17 7.93
C a rr in g ton  s ilt  loam ,

W is. 11.36 9.85
M a r sh a ll s ilt  loam , 

Ky. 14.25 9.95
C a rr in g to n  loam ,

G o od lin e  Co., M in n . 16.22 8.22
B la c k  c lay  loam , 

III. 19.76 13.41
H ou sto n  c lay,

F ra n k lin  Co., Tex. 21.88 12.50

has become sufficiently effective. (In  this p a r tic ­
u la r  instance, the  situa tion  w as no t serious because 
provision had been m ade fo r refrigera tion  in the 
pilings them selves.) C learly , in a circum stance of 
this k ind , a ttem p ts should be made to  extrapolate , 
by both theoretical and em pirical results, the ra te  
a t  w hich the 3 2 ° F isotherm  w ill be m oving so th a t  
re frig era tio n  w ill no t be delayed beyond the 
c ritica l tim e. C are fu l placém ent of tem peratu re  
observation points and s tu d y  of tem peratu res a t 
these points w ill be helpfu l. Needless to  say, a 
generous m arg in  of safe ty  should be provided. 
C A U T IO N  : The po in t to  be emphasized is th a t  
fa ilu re  m ay be inevitable if  preventive m easures 
are delayed u n til the c ritica l tem peratu res have 
alm ost been reached. In  m any cases, the preventive 
m easures w ill have to  be tak en  weeks or m onths in 
advance if  they are  to  be effective;

4. E X TR A PO LA TIO N . As previously indi­
cated , ex trapo la tion  of th e  m ovem ent of isotherms 
m ay be of g rea t im portance. The therm al prop­
erties of the solids need no t be explicitly de ter­
m ined before the equations given in previous sec­
tions can be used. T hus, a glance a t equations 
(2A 8-12b) and (2A 8-13) shows th a t  the dep th  of 
th aw  in homogeneous m ateria l from  surface h ea t­
ing  is p roportional to  th e  square root of the th a w ­
ing index. A m ore com plicated exam ple follows.
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FIGURE 2A8-28
Average Thermal Conductivity for Silt, Clay, and Peat— Unfrozen, 

Mean Temperature 40° F I Ref. 351

Example
A n artesian  flow of w a te r  occurs th ro u g h  a 4-in. 

w ell in a perm afrost region. A therm ocouple 2 f t  
from  th é  pipe su rface  records a tem p era tu re  of 
32° F a f te r  400 degree-days o f flow. (The freez­
ing point is to  be tak en  as the  reference fo r com­
p u tin g  degree-days. For exam ple, if  the  w a te r  has 
an average tem p era tu re  of 40° F fo r 10 days, this 
w ould equal 80 degree-days of flow ). C alculate 
the rad ius of the  th aw ed  zone a f te r  2,000 degree- 
days, or using equation  (2A 8-16a) and assuming
y =  y<>,

r*i =  2 in.
r 2 =  2 in. -|- 24 in. =  26 in. a t  400 degree-days

r 2 f t  =  rad ius a t  2,000 degree-days

( t t ) ’ “  *  H

From  equation  (2 A 8 -1 6 b ),
F (y .)  400

F (y0 f t )  2,000
Using F igure 2A 8-15,

F (y0) =  690
F (y0 f t )  =  690 X 3,450

A gain using F igure  2A 8-15, 
y0 f t  =  635
r 2 f t  =  \ / 63 5 X  2 in. =  50.4 in.

The ex trapolation  need no t be m ade u n d er exac tly  
equivalent conditions. For exam ple, the  d a ta  ob­
tained in the one m easurem ent given in the  p re ­
vious exam ple could  be applied to  la rg e r or sm aller 
wells in perm afrost believed to  have the same p ro p ­
erties. In  this case,
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NOTE: THERMAL CONDUCTIVITY, Ic, IS EXPRESSED IN BTU/SO MOISTURE CONTENT, PERCENT 
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FIGURE 2A8-29
A verage  Thermal Conductivity for Sandy  Soil— ‘Unfrozen, 

M ea n  Temperature 40* F I Ref. 351

F (y0) _  r i 2400______
F (y o ft)  22 J *  (T 1 - T 0)d t

rx f t  =  rad iu s of pipe la rg e r or sm aller th an  2 in. 
pipe

t (T i — T 0)d t  =  th aw in g  index in degree-days

5. FR EEZIN G  P O IN T  OF PERMAFROST. In  
all of the foregoing discussions i t  has been assumed 
th a t  the freezing  po in t of moist or w et soil w as 
con stan t and  the  same as th a t  of pu re  w ater. This 
is no t s tr ic tly  tru e , and  un der certa in  c ircum ­
stances th e  dev iation  m ust be considered. The 
dev iation is negligible, fo r  m ost purposes, for all

soil except silt and clay of low m oisture content. 
F igure 2A8-27 shows the relationship betw een 
freezing po in t and w a te r  con ten t fo r different soils. 
From  Table 2A8-11 i t  can be seen th a t  not all of 
the w a te r  in some soil freezes a t the same tem pera­
tu re . T he w a te r  th a t  does not freeze a t —108.4° F 
has been classified as in loose chemical com bination 
w ith  the soil, and w a te r  th a t  does freeze a t these 
low  tem pera tu res b u t no t a t 29.3° F as cap illa ry- 
absorbed w a te r. These fac ts are of im portance in 
the form ation of ice in freezing soil. The relatively  
free w a te r  in large voids freezes first; then the 
w a te r  in the capillaries moves to  the voids and 
freezes there. T hus, local concentrations of ice 
resu lt.
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FIGURE 2A8-30
Average  Thermal Conductiv ity  for Silt, Clay, and Peat— Frozen, 

M ea n  Temperature  25° F I Ref. 351

6. TH ERM O CO N D U CTIV ITY  OF SOIL. Ex­
am ination of Figures 2A 8-28, 2A 8-29, 2A8-30, 
and 2A8-31 shows th a t  the  con du ctiv ity  of frozen 
soil, p a rticu la rly  th a t  w ith  a high w a te r  content, 
is m uch higher th an  fo r th e  same soil in  a thaw ed 
state . As a consequence, freezing of soil is re la­
tively  easier th an  thaw ing  (by conduction) be­
cause the  heat flows more readily  from  a 32° F 
isotherm  to a hea t sink th ro u g h  frozen soil than

from  a 32° F iso therm  to  a h ea t source th ro u g h  
thaw ed soil.

A corollary consequence is th a t  th e  approxim ate 
calculations fo r freezing  are m ore accu ra te  th an  
for thaw ing  because these calcu lations neglect heat 
flow beyond the 32° F iso therm , and  the e r ro r  w ill 
be g rea te r w hen th e  m ate ria l beyond the 32° F iso­
therm  is frozen because th e  h ea t flow then  occurs 
more readily.

Densities given in  th e  figures are  d ry  densities.
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FIGURE 2A8-31
A verage  Thermal Conductivity for Sa nd y  Soil— Frozen, 

M ean  Temperature  25° F (Ref. 351

Section 9. CONSTRUCTION MATERIALS

2A9.0I EFFECT OF EXTREME COLD ON 
MATERIALS

1. GEN ERAL. A know ledge of the effect of 
extrem e cold on the  s tru c tu ra l  properties of con­
s tru c tio n  m ateria ls  is o f prim e im portance in de­
signing facilities fo r  use in  the Cold Regions. A l­
though  considerable lo w -tem pera tu re  research has 
been rep o rted  on m any of the common types of 
con struc tion  m ateria ls , as w ell as on m any th a t  are 
com paratively  new  an d  appear to  be po ten tially

valuab le, the  conclusions reached can no t alw ays 
be evalua ted  so th a t  they  can be readily  applied to  
the im provem ent of s tru c tu ra l  designs. In  review ­
ing the  available in fo rm ation , therefore, i t  appears 
advisable to  em phasize only those m aterials th a t  
have had  sufficient use un der c ritica l operating  
conditions to  perm it the  form ulation  of reliable 
design c rite ria . M aterials th a t  have been reported  
prom ising b u t on w hich field in form ation is lacking 
or inconclusive w ill be discussed to  the  ex ten t of 
the in fo rm ation  available.
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2. FERROUS METALS.
a. Classification. The general classification 

of ferrous m etals covers m any im p ortan t commer­
cial form s of iron and can be broken dow n in 
accordance w ith  the chemical elements th a t  the 
m etals contain. The am ount and d istribu tion  of 
these elements depend on the m ethod of m anufac­
tu re  and have considerable effect on the physical 
and m echanical properties of ferrous m etals. (See 
Ref. 47, pp. 526-584.) Discussion of cold-w eather 
effects on ferrous m etals w ill be lim ited to : (a) 
carbon steel, (b ) alloy steel, and (c) cast iron, 
including g ray , w hite , and m alleable cast iron , all' 
of w hich reac t to  low  tem peratu res approxim ately 
the  same.

The effect of low tem peratu res on stainless steel 
is discussed un der chrom ium  (par. 3e of 2A 9.01).

b. Carbon Steel (R ef. 4 8 ). The general be­
havior of carbon steel un der low -tem peratu re  serv­
ice conditions m ay be sum m arized as follows (Ref. 
4 9 ).

(1 ) S treng th , as m easured by stan dard  
sta tic  tests, increases to  a m arked degree over nor­
m al tem p era tu re  values. The increase continues 
down to  —320° F.

(2) D u c tility  decreases slightly down to 
—100° F, as m easured by elongation and reduction  
of area or necking dow n du ring  tension tests.

(3 ) There is a m arked decrease in im­
pact resistance, as m easured by C harpy and Izod 
im pact tests, and an increasing tendency to w ard  
notch brittleness and b rittle -ty p e  frac tu res.

(4 ) Brinell hardness increases w ith  de­
creasing tem peratu res th ro u g h  all ranges of tem ­
p era tu re  service.

For all tem p era tu re  conditions experienced in ' 
the Cold Regions, steel is, generally speaking, a 
sa tisfacto ry  construction  m aterial. For these tem ­
pera tu res and fo r m ost types of service the slightly 
low er d u c tility  and increased hardness indicated 
fo r carbon steel w ould be of negligible im portance. 
H ow ever, the loss of im pact resistance and the 
tendency to w ard  b rittle -ty p e  frac tu re s  m ight in­
fluence the designer to select a steel of different 
composition and trea tm en t th an  th a t  chosen for a 
sim ilar s tru c tu re  bu ilt fo r norm al tem p era tu re  
service.
C A U TIO N : To m eet low -tem pera tu re  conditions 
and avoid em brittlem ent effect of these tem pera­
tu res, especially on steel th a t  is no t h ea t-trea ted , 
the steel should have a rela tively  low carbon con­

ten t. A good exam ple is th e  Bailey bridge used by 
US A rm y Engineers. P robab ly  th e  g rea test to n ­
nage used in th is bridge w as fu rn ished  by the  
US Steel C orporation and consisted of th e  follow ­
ing composition (by  p e rc e n t): C, 0.25 m ax; Mn, 
1.50 m ax; Cu, 0.25 to  0.50; N i, 0.50 to  1.00.

This steel re tains its toughness a t tem p era tu res 
down to and below —50° F.

I t  has been custom ary  fo r m any years to  use in 
s tru c tu res  designed fo r th e  Cold Regions the same 
design values th a t  w ould  be allow ed fo r sim ilar 
s tru c tu res  b u ilt in the  T em perate Zone. M any 
stan dard  ferrous m etals, includ ing  s tru c tu ra l  low - 
carbon steels such as ASTM A -7 and low -alloy 
steels such as ASTM A -242, have had w ide use in 
the Cold Regions fo r m any years, w ith  sa tisfac to ry  
results.

The A laska Road Commission, in correspondence 
dated  18 Ju ly  1952, m akes th e  follow ing com m ent 
regard ing  the grades of steel used in its buildings 
and bridges.

For most of o u r steel construction , bo th  b u ild ­
ings and bridges, w e use A.S.T.M. designation 
A-7 s tru c tu ra l g rade steel w ith  an allow able 
w ork ing stress of 18,000 lbs. per square inch fo r 
design of ou r steel bridges and  20,000 lbs. per 
square inch fo r o u r bu ild ing  design. P rio r to  the  
present steel shortage, fo r o u r bridge w o rk  we 
used a considerable q u a n tity  of A.S.T.M. A-242 
steel. For th is g rade steel w e used the allow able 
w ork ing stresses shown in the  A.A.S.H .O. S tand­
ard  Specifications fo r  H ighw ay  Bridges.
Table 2 A 9 -la  lists o ther engineering s tru c tu re s  

of various types th a t  have given sa tisfac to ry  
service in A laska fo r a num ber of years. The 
ASTM designations fo r the  steel used in each s tru c ­
tu re  are indicated in Table 2 A 9 -lb .

c. Alloy Steel. Am ong the m any im p o rtan t 
effects of ce rta in  alloying elem ents on the  prop­
erties of steel are a low ering of the  tem p era tu re  a t 
w hich fra c tu re  changes from  ductile  to  b r ittle  
(tran sition  tem p e ra tu re )  and an  increase in im pact 
resistance a t low  tem p era tu res. Steels fo r various 
types of lo w -tem pera tu re  service have been and 
are being developed. In  m any cases, how ever, the 
value of lab o ra to ry  tèsts should be questioned u n til 
an evaluation  can be m ade u n d er service condi­
tions. The effect of alloying m aterials on all 
properties of the m etal th a t  co n trib u te  to  its serv ­
iceability should be considered, and de trim en ta l
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TABLE 2A9-la
Engineering  Structures G iv ing  Satisfactory  

Serv ice  in Alaska

Pro ject
n u m b e r T y p e  of stru ctu re

Sa tisfactory
operation,

years
Location

1 W a te r  tre a tm en t p lan t U nder
construction F a irb a n k s

2 “ P ip e lin e  a n d  s ip h o n  sy s te m 25 ± C h atan ika
3 B e a m  h igh w a y  b r id ge 2± H ayn es
4 B e a m  h igh w a y  b r id ge 2± Eklutna
5 B e a m  h igh w a y  b r id ge 2± G u lkan a  Creek

6 B e a m  h igh w a y  b r id ge 2± D a r lin g  Creek
7 B e a m  h igh w a y  b r id ge 2± B e a r Creek
8 T h r o u g h -t ru s s

h igh w a y  b rid ge 2± G ahona River
9 T h r o u g h -t ru s s

h igh w a y  b rid ge 2± M a ta n u sk a  R iver
10 G ird e r  h igh w a y  b r id ge 2± Chena  River

11 G ird e r  h igh w a y  b r id ge 2±  • N o yes  S lough
12 R a ilro a d  b r id ge 30 ± T a n an a  River
13 R a ilro a d  iron

a n d  stee l b r id ge 30 ± A la s k a  Railroad

differences should be com pensated fo r in the design. 
(R ef. 48 .) (See also par. 3 of 2A9.01.)

d. Cast Iron. (See classifications in par. 2a 
of 2A 9.01.) G ray  iron , w hich is the most widely 
used cast m etal, m ain tains or slightly increases its 
tensile s tren g th  and  Brinell hardness down to 
— 317° F. T here is a slight decrease in im pact 
value a t '—112° F and  below. A t — 3170 F there is 
no pronounced increase in brittleness or change in 
appearance of f ra c tu re . F igure 2A9-1 shows the 
tensile properties of m alleable cast iron a t various 
tem p era tu res. (R ef. 31.)

3. N O N FER R O U S METALS (Ref. 4 8 ).
a. General. Most nonferrous m etals (Ref. 

47, pp. 386-631), in  co n tras t to  ferrous m etals, 
become m ore resis tan t to  im pact w ith  decreasing 
tem p era tu res. Because of this and o ther beneficial 
effects a t norm al and  low  tem peratu res, including 
high s tren g th  and n early  constan t d u c tility  values, 
nonferrous m etals are  w idely used as alloying ele­
m ents. (See Ref. 47, T able 9, p. 604.)

b. A lum inum  and Alum inum  Alloys. These 
m ateria ls are  p a r tic u la r ly  well suited for ex­
trem ely  low  tem p e ra tu re  service. Tensile, yield, 
and im pact s tren g th  o f all alum inum  alloys in ­
crease a t  extrem ely  low  tem peratu res. A lum inum  
alloys re ta in  d u c tility  a t  these tem peratu res, corro­
sion resistance is enhanced, and there  is no increase 
in brittleness. N o special precautions regard ing

TABLE 2A9-lb
Steel Specification for Structures Show n in 

Table 2 4 9 -la  (Ref. 501

Pro ject n u m b e r M a te r ia l Spec ification

1
S tru c tu ra l steel 
R ive t steel 
P late  steel

A S T M  A -7 -4 9 T  
A S T M  A -1 41 -4 9T  
A S T M  A -3 0 -24

2
R ivet stee l 
C a st  stee l

S tru c tu ra l stee l

A S T M  A -31-24  
A S T M  A -2 7 -24  

m e d iu m  c la s s  B  
A S T M  A -7 -2 4

3 S tru c tu ra l stee l A S T M  A-242 -46

4 S tru c tu ra l steel A S T M  A-242 -46

5 S tru c tu ra l stee l A S T M  A-242 -46

6 S tru c tu ra l stee l A S T M  A-242 -46

7 S tru c tu ra l stee l A S T M  A -242 -46

8 S tru c tu ra l stee l A S T M  A-242 -46

9 S tru c tu ra l stee l A S T M  A -242 -46

10 S tru c tu ra l steel A S T M  A-242 -46

11 S tru c tu ra l steel A S T M  A-242 -46

12 I - b a r s A S T M  A -8
13 Iro n  a n d  steel C o m m ittee  15f A R E A 1

A m e r ic a n  R a ilro a d  E n g in e e r in g  A sso c ia t io n

m ethods of handling  a t extrem ely low tem pera­
tu res are required . (R ef. 52.)

A small am ount of soluble alum inum  is com­
monly used in  steel m an u fac tu rin g  to  secure grain  
refinem ent. Tests ind icate th a t  if  the alum inum  
conten t is raised to a level approaching 0.20 per­
cent, appreciable low ering of the transition  tem ­
p e ra tu re  is possible. (See F igure 2A9-2.)

A lthough it has no t been common practice to  use 
so high an alum inum  con ten t, there do not appear 
to  be any  serious difficulties involved, and a sig­
nificant saving in m ore s tra teg ically  critica l alloys 
is realized. (R ef. 49 .)

A lum inum , because of its ligh t w eigh t, is w o rthy  
of consideration fo r m any applications in the Cold 
Regions, w here tran sp o rta tio n  is an especially im ­
p o rta n t fac to r. (See Ref. 47, p. 595.)

c. Nickel. This m ateria l is w idely used in 
steels as an alloying m ateria l because of its strong 
beneficial effect on toughness and transition  tem ­
pera tu re . Low -carbon 3.5-percent nickel steel 
m eeting the requirem ents of ASTM A -203, grades 
D and E, has been used successfully in the unheat- 
tre a ted  condition in the form  of plates, forgings, 
and castings a t tem p era tu res as low as —150° F.
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FIGURE 2A9-1
T ensile Properties of M alleable Cast Iron at Various Temperatures

Experience in  m ining operations in cold climates 
indicates th a t low -carbon 3.5-percent nickel or 
low -carbon 2-percen t nickel steels can be expected 
to  give good service a t low tem peratu res in such 
applications as pow er shovels, tru ck s , and other 
equipm ènt th a t  m ust operate out-of-doors. One 
company, for its n o rth e rn  m ining operations, spec­
ifies either low -carbon 2-percen t nickel steel or 
h igh-streng th  low -alloy steel fo r u n h ea t-trea ted  
parts  such as dipper sticks, shovel booms, tru c k  
bodies, and fram es.

S tru c tu ra l nickel steel conform ing to  ASTM A -8 
has been successfully used in m any highw ay or 
ra ilroad  bridges in the T em perate Zone. Its  use, 
how ever, is not suggested as a means of com bating 
the em brittling  effects of low tem p era tu re  because 
of its relatively  high carbon con ten t (0.43 to  0.45 
percent m axim um ).

d. Copper and Copper Alloys. Copper and 
all its alloys show a un ifo rm  im provem ent in h a rd ­
ness, yield, and tensile s tren g th  as the tem p era tu re

decreases from  room  tem p era tu re . D u c tility  of 
cold-w orked alloys increases a t  low  tem p era tu res 
to  a g rea ter e x ten t th an  does the annealed m ate ­
rial, b u t th a t of castings of copper alloys decreases 
slightly. Im pact properties are alm ost unaffected 
by low tem p era tu re . A lth oug h  cases of fa ilu re  of 
copper w ire u n d er tension a t  low  tem p era tu re  have 
been reported , i t  is possible th a t  th e  large tem p era­
tu re  range common to  m any sections of the Cold 
Regions was not allow ed for. (R ef. 52.) (See par. 
4d of 2B4.04.)

e. Chromium, This m a te ria l is an im por­
ta n t constituen t of m any alloy steels, includ ing  the 
complex, group kn ow n  as stainless steels. Each of 
the th ree  general types of stainless steel (R ef. 47, 
pp. 560, 561, and 562) contains a re la tively  high 
percentage of chrom ium  and  has high resistance 
against w ea ther, w a te r , steam , and  m any organic 
and inorganic corrodents.

The chrom e-nickel types are  especially su itable 
fo r lo w -tem pera tu re  applications because th e ir
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F IGU RE 2A9-2
Low ering  of Temperature in A lum inum  Alloys 

(Ref. 491

stren g th  and  toughness properties are improved a t 
extrem ely  low tem pera tu res. (Ref. 52.)

Low -carbon, nonhardenable chrom ium  types 
show m arked  loss of toughness a t 0° F, b u t harden- 
able chrom ium  types show m oderate loss of tough­
ness a t extrem ely  low tem peratu res. (Ref. 52.)

f. Zinc and Zinc Alloys. The streng th  and 
d u c tility  values of ex tru d ed  zinc show a m arked 
reduction  a t subzero tem peratu res. This is in con­
tra s t  to  the  characteristics of other, nonferrous 
m etals a t these tem peratu res. (Ref. 51.)

For the same tem p era tu re  service conditions, 
zinc alloys of copper, m agnesium , and alum inum  
show im provem ents in these properties in com pari­
son w ith  the base m etal. These improvem ents are 
sufficient in m ost cases to  m ake them  as satisfactory  
for use a t subzero tem peratu res as a t room tem ­
pera tu res. Im pact s tren g th , although seriously 
reduced a t  subnorm al tem peratu res, is considered 
adequate  fo r p rac tica l purposes. (Ref. 51.)

G alvanizing is one of the most common uses of 
zinc, and the resu lts  of tests perform ed on g a l­
vanized w ire  rope a t —80° F showed a tendency 
to w ard  crack in g  fo r heavy zinc coatings. This 
w as no t sufficient, how ever, to  m ake the coating 
defective fo r  m ost A rc tic  service. (Ref. 51.)

The N ew  Jersey Zinc Sales Company commented 
as follows regard in g  th e  effect of low tem peratures 
on zinc coatings, includ ing  sherardized products.

The effect of low  tem peratu res on zinc coa t­
ings has no t been considered im p ortan t because

it w ould  only be observed if the zinc-coated 
articles w ere deform ed, w hich is unlikely. We 
have no in form ation w ith  respect to  sherard ­
ized coatings b u t w ould imagine th a t  theré 
w ould  be little  change because in properties a t 
low tem peratu res these coatings usually  are 
b r ittle  in itia lly . I t  should be borne in m ind th a t 
changes in properties of zinc and zinc alloys, 
caused by exposure to  unusually  high or low 
tem peratu res, are no t perm anent b u t only m ain­
tained w hile the m etal is a t the tem p era tu re  in 
question.

g. Magnesium and Magnesium Alloys. M ag­
nesium is the ligh test m etal of s tru c tu ra l im­
portance and has m any im portan t applications in 
portable tools, a irc ra f t, and o ther equipm ent used 
widely in the Cold Regions.

In general, fo r engineering uses, the m echanical 
behavior of m agnesium  and m agnesium alloys a t 
tem pera tu res as low as —76° F is the same as a t 
room tem p era tu re . Tensile streng th  and m odulus 
of e lasticity  values increase w ith  decreasing tem ­
pera tu res. D u c tility  decreases a t subzero tem pera­
tu res, b u t the decrease is negligible down to —76° 
F. Im pact values show slight decrease, b u t tension 
im pact resistance is im proved a t tem peratu res 
down to  — 76° F. Fatigue streng th  of m agnesium  
alloys is noticeably increased a t low tem peratures. 
(Ref. 51.)

T herm al expansion of m agnesium  and m agne­
sium alloys exhibits little  change a t subzero tem ­
p era tu res in com parison w ith  room tem peratu re .

h. Lead. Low tem peratu res w ith in  the 
range experienced in the Cold Regions do no t affect 
the properties of lead in any detectable m anner. 
Lead-base w hite-m etal bearing alloys (B abb itt 
m etal) w ill generally reac t to  low tem peratu res in 
the same m anner as pu re  lead, provided the alloy 
contains no t over 15 percent tin . (Ref. 52.) (See 
par. 3i of 2A9.01.)

i. Solders (Lead and Tin Alloys) (Ref. 52). 
Soft or lo w -streng th  solders th a t contain a high 
percentage of lead (65 to  97.5 percent) re ta in  their, 
du c tility  and increase in im pact s treng th  a t low 
tem peratu res. T in conten ts up  to  15 percent have 
no serious em brittlin g  effect. W hen the percentage 
of tin  becomes as high as 50, serious em brittlem ent 
and decrease in im pact s tren g th  occur.

The increase in tensile streng th  of solder alloys 
and in break ing  load of soldered joints is linear 
w ith  decreasing tem p era tu re . H igh -streng th  sol-
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ders, those containing the m ost tin  (50 p ercen t), 
show the g reatest increase in tensile s treng th , and 
low -strength  solders, those contain ing the  most 
lead (97.5 p e rcen t), show the least increase in 
tensile streng th  as tem peratu res decrease below 
freezing.

Breaking loads of soldered copper tu b in g  a t low 
tem peratu res are nearly  independent of the kind 
of lead-base solder used. Im pact s tren g th  and 
d u c tility  of such joints w ould  probably  be influ­
enced by low tem peratu res, in view  of the prop­
erties of individual solders.

4. W OOD PRODUCTS.
a. General. In  general, wood is as satisfac­

to ry  for construction  purposes in the Cold Regions 
as it  is in the Tem perate Zone. S tru c tu res  and a 
wide range of p roducts m ade of wood have been 
used in areas sub ject to  extrem ely low tem pera­
tu res for m any years w ith o u t noticeable failu re. 
S tren g th /tem p era tu re  relationships for longtim e 
exposure to low tem peratu res or to  f luc tua ting  
tem peratu res have no t been determ ined, b u t ex­
perience indicates th a t  such exposure is no t notice­
ably detrim ental. There is a general agreem ent 
am ong the various investigators th a t ,  in m ost cases, 
stren g th  properties are ac tu a lly  im proved by com­
para tive ly  shorttim e exposure to  below -freezing 
tem peratu res, a notable exception being im pact 
streng th , w hich w as found to  exhib it little  change 
either w ay w ith  changes in tem p era tu re  fo r wood 
a t 7.5 percent m oisture con ten t in the range from  
about 75° F dow n to  —58° F. ( Ref. 53.) The 
s tren g th  properties of wood a t low tem peratu res 
are shown in T able 2A9-2 and Figures 2A9-3 
th ro u g h  2A9-6.

Effect of Temperature on Com pressive  Strength  
of Various W oods l Ref. S3 1

b. Moisture Content (R ef. 52 ). T here is a 
strong indication th a t  below th e  fiber sa tu ra tio n  
content, properties represen ting  toughness o r shock 
resistance decrease a t sub freezing  tem pera tu res 
w ith  m oisture con ten t. I f  th is is tru e , fa ilu re  
w ould not be so likely to  occu r w ith  wood articles 
stored or used outside or in  un heated  sheds. W ood 
exposed to  ou tdoor w in te r  conditions a t F airbanks, 
A laska, w here th e  re la tive  hum id ity  averages 
about 83 percent d u rin g  th a t  season, should a tta in  
an equilibrium  m oisture con ten t of about 17 p e r­
cent. On the o ther hand , if wood articles are stored 
in heated buildings, they  m ay be subjected to  con-

TABLE 2A9-2
Toughness of Solid  W ood and Plywood Specim ens

Sp e c ie s A v e ra g e  m o istu re  
con ten t,1 percent

A v e ra g e  tou gh n ess per sp e cim en N u m b e r  of te sts  
a t  each  con d it io n

R a tio  of a v e ra g e  v a lu e s  
to  control v a lu e s

C o n tro l,2 in .-lb Frozen,3 in .-lb C yc le,4 in .-lb Frozen C yc le

S ou th e rn  ye llow  p ine 10.4 126 152 141 30 1.21 1.12
W h ite  p ine 12.3 88 100 88 28 1.14 1.00
S w e e t  gu m 10.7 83 103 83 30 1.24 1.00
D o u g la s  fir p lyw ood 11.3 28 24 35 29 0.86 1.25
G u m  an d  ye llow  

po p la r  p lyw ood 8.4 4.1 4.2 4.2 30 1.02 1.02
N ote : T e ste d  at three tem p e ra tu re  e x p o su re  c o n d it io n s  at the Forest 
P ro d u c ts  L aboratory  for A ir  M ate rie l C o m m a n d .
‘A v e ra g e  m o istu re  con ten t is for control sp e c im en s.
C o n t r o l  sp e c im e n s w ere  tested at 75°.F a fte r in itia l con d it io n in g  (75° F, 
65 percent relative hu m id ity ).

3Frozen sp e c im e n s w ere  sto red  a t - 6 7 °  F fo r  a b o u t  44 h o u rs  a fte r  in itia l 
con d it io n in g  (75° F, 65 p e rcen t re la tive  h u m id ity ).

4Cycle  sp e c im e n s w ere  con d it io n ed  in it ia lly  (75° F, 65 percent re lative  
h u m id ity ), frozen at - 6 7 °  F (44  hr), re con d ition ed  (75° F, 65 percent  
relative h u m id ity ), a n d  te sted  a t  75° F.
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Effect of M oisture C o ntent on Com pressive  
Strength  of Frozen and Unfrozen Beech 

(Ref. 531

Effect of M oisture  C ontent on Modulus of 
Elasticity  at Various Temperatures (Ref. 531

ditions th a t  w ill re su lt in  extrem e dryness, even 
less th an  1 percen t, if  such exposure is continued 
fo r sufficient tim e. Consideration should be given 
to  the possibility of reduced im pact streng th  of 
wooden con tainers, tool handles, and o ther articles 
th a t  have been rem oved from  storage in heated 
bu ildings and  are  subsequently  subjected to freez­
ing tem p era tu res.

N ailing  and  nail-holding qualities of wood are 
influenced by m oisture  content. D ry  wood is 
h a rd e r to  nail and  splits more easily th an  green 
wood. I f  wood dries a f te r  the nail is driven, the 
nail-ho ld ing  pow er is o ften  seriously reduced. 
T hus, the  serv iceab ility  of w'ood articles, such as 
wooden shipping containers, is m ateria lly  affected

MOISTURE CONTENT, PERCENT

FIGURE 2A9-6
Breaking Energy Under Im pact of Frozen 
(— 58° F I Lam inated W ood in H ygroscopic  

R ange  (Ref. 531

by the m oisture con ten t or the change in m oisture 
con ten t of the wood in response to  exposure condi­
tions.

5. N O N M ETA LLIC MATERIALS.
a. Portland Cement and Concrete. The use 

of p o rtlan d  cem ent and  concrete a t  low tem pera­
tu res is m ainly a problem  of (a) properly  design­
ing a du rab le  m ix from  cem ent, aggregates, and 
w a te r  th a t  sa tisfac to rily  complies w ith  ASTM 
requirem ents, and (b ) assuring sa tisfacto ry  m ix­
ing, placing, and cu rin g  of concrete. (See Section 
3E l.)  S tru c tu ra l behavior of properly  designed 
concrete is no t m ateria lly  changed by tem peratu res 
encountered  in cold-w eather service.

b. Snowcrete (R ef. 52). Snowcrete is a 
te rm  used to  describe the  condition of snow re su lt­
ing from  com paction by n a tu ra l or m echanical 
means. Except fo r  some recent w o rk , little  has 
been done in the field of m echanical com paction of 
snow. H ow ever, n a tu ra lly  com pacted d r if t  snow 
has been used fo r a long time. Caves have been 
hollowed ou t of snow drifts , and snow blocks have 
been carved  o u t fo r build ing purposes. These 
blocks have been used prim arily  by Eskimos to  
bu ild  snow caves, igloos, shelters, and w indbreaks. 
(See p ar. 2E 2.05).

All the  properties of compressed snow have no t 
yet been determ ined by experim ental w o rk . . The 
hardness of snow is based on the s tren g th  of the 
a ttach m en t of in d iv idual snow particles to  each 
o ther. The m echanical value of com pacted snow 
depends on its density , tem p era tu re , and tex tu re . 
U ncom pacted snow crysta ls  enclose a g rea t deal of 
air. I f  the snow is com pacted, the  crystals are
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crushed together and the air is practically elimi­
nated, resulting in greater density. Tests indicate 
that compaction methods are more efficient at high 
temperatures and that intercrystalline cohesion 
and strength of snow crystals of the same form, 
size, and density increase greatly at low tempera­
tures.

One of the notable properties of snowcrete is, 
therefore, that at temperatures below freezing its 
hardness continues to increase if left undisturbed 
after having been compacted. Temperatures fol­
lowing compaction are also important because the 
bearing capacity of snowcrete developed at very 
low temperatures will be highest and will decrease 
rapidly as the melting point of snow is approached.

Use of snow crete is slowly being developed. O b­
viously, developm ent is lim ited to  periods w hen 
tem peratu res do no t rise above freezing. D u ring  
these periods com pacted snow m ay be used fo r the 
construction  of airstrips, roads, shelters, w ind­
breaks, and lim ited m ilita ry  construction .

c. Icecrete (R ef. 52 ). Icecrete is a te rm  ap­
plied to  a m ateria l m ade . from  aggregates, w ith  
ice acting  as the cem enting agent. D u ring  periods 
of no th aw , icecrete m ay be used as a dependable 
su b stitu te  fo r concrete in regions of extrem e cold. 
By m ixing w a te r  and aggregate m aterials (sand 
and gravel) either by hand  or in a concrete m ixer, 
a plastic and flowable homogeneous m ix tu re  may 
be made. The m ix tu re  m ay be poured in to  form s 
in a m anner sim ilar to  concrete and rodded or 
tam ped to, assure com paction. Forms m ay be b u ilt 
from  snow or ice blocks or available b rush  or wood 
and m ay be le ft in place.

The presence of the aggregates makes icecrete 
darker in color than ice. Therefore, it will absorb 
more heat from the sun, which may cause melting. 
To minimize this action the icecrete structure or 
mass should be covered with snow, ice, or canvas.

Icecrete is generally tougher th an  ice, does not 
c rack  readily, and is com paratively sh a tte r and im ­
p act resistan t. I t  is excellent fo r construction  of 
roads, protective b arrie rs , foundations fo r s tru c ­
tu res to  be used only in w in te r, deadm en fo r tie ­
downs, and as a su b stitu te  fo r mass concrete con­
s tru c tio n  required  d u rin g  no -thaw  periods.

d. Limey Mortar, and Plaster. L ow -tem pera­
tu re  use of these m aterials is sim ilar to  th a t  of 
P ortland  cem ent and  concrete. P roper m ixing, 
placing, and cu rin g  tem peratu res m ust be p ro ­
vided. I f  used on outside areas, these m aterials

should be made as du rab le  and  m oisture resis tan t 
as possible to  prov ide p ro tec tio n  against th e  ex­
trem e cycles of freezing  and  th aw ing .

e. Stone and Structural Clay Products. 
Properties of these materials are included in most 
engineering handbooks. Their selection for low- 
temperature service can be made with respect to 
these properties, provided additional consideration 
to durability is given either by selecting a more 
durable material or by furnishing methods of pro­
tection and waterproofing.

6. GLASS M ATERIALS (R ef. 52 ). W indow  
glass has no visible reaction  to  cold. T hin sections 
are susceptible to  sudden change in  tem p era tu re , 
b u t the glass is designed to  w ith s tan d  the average 
therm al shock of 150° F.

Lam inated safe ty  glass (p la te  and  sheet) has no 
visible reaction to  cold. I t  is designed to  w ith s tan d  
150° F, the average th erm al shock, and to  m eet 
m inim um  requirem ents of —65° F.

S tru c tu ra l glass also has no visible reaction  to  
cold. I t  i s . designed to  w ith s tan d  the  average 
therm al shock of 150 ° F.

7. FABRICS. U n trea ted  and  w a te r-rep e llen t 
fabrics are sa tisfac to ry  fo r service dow n to  —40° 
F. Canvas and heavy m ateria ls lose th e ir  p liab ility  
a t low tem peratu res, and w hen frozen should be 
bent or stretched w ith  cau tion . Loss of e lasticity  
should not be m istaken fo r shrinkage. For flexibil­
ity  and heat insulation , woolen b lankets are m uch  
b e tte r th an  canvas. (R ef. 52.)

8. LEATHER. In  low tem p era tu res, lea ther 
becomes stiff and cracks, o ften  tea rin g  easily. 
W hen w et u n trea ted  lea ther becomes frozen, i t  w ill 
not stand  tension, bending, or im pact. L eather 
items to be subjected to  extrem e cold should be 
carefu lly  tanned  and  th en  tre a te d  w ith  a ligh t coat 
of good shoe oil or la rd . T anned  skins are less easily 
in ju red  by w e ttin g  and  subsequent freezing th a n  
u n trea ted  skins. M uch has been said abou t the 
difference betw een Eskimo scraped and p repared  
skins and those tan n ed  by com m ercial m ethods. In  
general, com m ercially tan ned  skins w eigh more per 
square u n it and as c lo th ing are  no t as w arm  as 
those prepared by Eskimos. C om m ercially tan ned  
items tend to stiffen, thereby  reducing  th e ir  u tili ty . 
Because com m ercial tan n in g  is cheaper, how ever, 
and b e tte r  able to  prov ide item s in large num bers, 
com m ercially tan ned  item s should be used. B u t, 
w hen leather and f u r  c lo th ing  are requ ired  to  
offset m idw in ter chill d u rin g  operations on the
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tr a i l  o r aw ay from  m ain encam pm ents, i t  is advis­
able to  use c lo th ing  m ade from  skins prepared by 
Eskimos. (R ef. 52.)

9. EXPLOSIVES. A ll m odern explosives are the 
low -freezing v a rie ty  and are designed to  eliminate 
freezing u n d er o rd in ary  conditions of exposure a t 
any  tem p e ra tu re  norm ally  encountered. Gelatins 
and  sim ilar types of explosives become quite  h a rd  
w hen sub jected  to  low tem peratu res b u t do not 
freeze. C erta in  high explosives composed of a m ix­
tu re , and m ain ly  of am m onium  n itra te , are abso­
lu te ly  nonfreezing . Some experience, however, has 
ind icated  th a t  explosives become critica lly  h aza rd ­
ous d u rin g  freezing  o r thaw ing . U nder these con­
ditions, extrem e care is therefore necessary in 
handling . Also, in the  frozen state  they seem to 
have no dim inishing explosive effect, once set off. 
W hen frozen, they  m ay be easily detonated by 
careless handling .

I f  an explosive is suspected of being frozen, 
using th e  simple pin test w ill readily determ ine if  
i t  is. A n o rd in a ry  pin w ill no t penetra te  a frozen 
colum n of explosive b u t can be inserted qu ite  easily 
in to  one th a t  is m erely very  hard .

All explosives should be stored and transported  
in accordance w ith  the stan dard  precautions 
recom m ended by th e ir  principal m anufac tu rers.

B lasting caps a n d . e lectrical blasting caps have 
w ithstood sa tis fac to ry  storage a t laborato ry  tem ­
p era tu res  as low as —110° F ( — 78.5° C ). These 
tests reveal li ttle  o r no change in characteristics a t 
such low  tem p era tu res.

Safety  fuzes show no appreciable change in p e r­
form ance a f te r  sto rage in extrem ely low tem pera­
tu res  except th a t  the  bu rn in g  time m ay be slightly 
increased. C au tio n  is requ ired  in the handling of 
safe ty  fuzes a f te r  freezing, because the fuze cover- 
ing, p a r tic u la r ly  the  w aterproofing , cracks a t low 
tem p era tu res. I t  is necessary, therefore, to  uncoil 
th e  fuze  and p repare  the explosive devices a t 
norm al tem p era tu res. P rim acord  detonating  fuze 
perform s sa tisfac to rily  a t low tem peratu res, p ro ­
vided it  has no t been w e t previous to  freezing. Care 
m ust be tak en , how ever, to  preven t breaking or 
crack ing . I f  de ton a tin g  fuze becomes w et before 
freezing, it  is difficult to  in itia te , and a booster is 
requ ired  to  assure detonation . (D ata  on explosives 
are  largely  from  R ef. 52.)

10. CERAMICS. Ceram ics are no t o rdinarily  
affected by ex trem ely  cold tem peratu res. H ow ­

ever, a w arm  b last of a ir  or a sudden change of 
tem p era tu re  m ay cause frozen m ateria l to  shatter.

11. RUBBER A N D  RUBBERLIKE MATE­
RIALS. For a discussion on the behavior of these 
m aterials un der low -tem pera tu re  conditions, re fe r­
ence should be m ade to  p ar. 8a of 2B4.04. Many 
of the large ru b b e r  and chemical companies are 
w ork ing  in cooperation w ith  the Arm ed Services on 
the problem  of p rov id ing satisfactory  rubberlike 
m aterials th a t  w ill re ta in  th e ir flexibility under 
conditions encountered  in the Cold Regions. The 
objectives of the  A rctic  ru b b er research program  
are sum m arized as follows. (Ref. 54.)

(1 ) D evelopm ent of general-purpose syn­
th e tic -ru b b er com pounds fo r fabrication  of tires, 
tubes, m echanical goods, cable insulation, and 
sim ilar items fo r use a t tem peratu res as low as 
— 65° F in operation, as low as —80° F in storagè, 
and as high as 125° F fo r longtim e and 168° F. fo r 
shorttim e storage periods.

(2 ) Developm ent of special-purpose syn­
thetic  ru b b er th a t  can be used for oil hose, hose 
liners, and sealants, capable of perform ing w ith in  
a tem p era tu re  range of —65° F to  3*00° F. (Ref. 
54.)

12. PLASTICS (Ref. 52 ). Most plastics con­
ta in  a base m ateria l, the properties of w hich have 
been modified by the incorporation of plasticizers 
or fillers. Each base m ateria l is the foundation  for 
a group of compositions re la ted  in general behavior 
b u t differing from  one another : in individual 
physical properties. Such basic groups of plastics 
are acrylics, cellulosics, nylons, ethylene polymers* 
vinylester polymers, polyvinyl acetals, phenolics, 
u rea  resins, casein, alkyds, neoprene, and others. 
G roups th a t  con tain  several different compositions 
are divided in to  types. Each type represents one or 
more compositions, each of which is designed to 
give the superior value of some specific p roperty , 
even a t the expense of some other p roperty . There 
are, fo r exam ple, Type I— General, Type II—  
T em p era tu re-resis tan t, Type III— Im pact-resist­
an t, Type IV— M oisture-resistant, and so on. W hen 
fu r th e r  subdivision is requ ired , the types are sub­
divided in to grades. Each grade represents, a t the 
m ost, a very  restric ted  num ber of common com­
m ercial m aterials, w hich are sim ilar bo th  chem­
ically and physically. These groups, types, and 
grades usually  correspond to  those given in ASTM 
specifications.

The service success of an article  of any plastic
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often  depends as m uch  on the  design and fab rica ­
tion  processes as on th e  m ateria l itself. The im­
portance of selecting item s of good w orkm anship 
in both design and fab rica tion  fo r cold-w eather 
operations can no t be overem phasized. The plastics 
in d u stry  has developed a background  of p ractical 
experience in design, fab rica tion , and testing  of 
plastics and should be consulted regard ing  specific 
cold-w eather problems. I t  is im p o rtan t no t only to 
select the proper m ateria l b u t to  use it properly in 
the  field. Too freq u en tly , good plastics im properly 
handled in the field have failed solely because of 
misuse.

As an aid to  the un derstan d in g  of th is field of 
m aterial, a list of the im p o rtan t plastics by resin 
group and subgroup, tra d e  names, available form s, 
and commercial uses is given in s tan d ard  han d­
books.

a. Acrylics. The acrylics are perfectly  
clear and tran sp a ren t. They have the best re ­
sistance of all tra n sp a ren t plastics to  sun ligh t and 
ou tdoor w eathering  and w ill to lera te  years of ex­
posure w ith o u t significant loss of properties. They 
possess a good com bination of flexibility w ith  shat­
te r  resistance and rig id ity . T heir im pact streng th  
is lower th an  th a t  of th e  celluloses, b u t th e  effect of 
extrem e low tem peratu res upon th is p rop erty  is 
m uch less pronounced; hence, articles designed for 
use a t o rd inary  tem pera tu res w ill not show exces­
sive em brittlem ent a t —50° F.

b. Cellulosics. Cellulose n itra te  is the 
toughest of all therm oplastics. I t  has low w ate r 
absorption and is resistan t to  m ild acids. A t —50° 
F its im pact s tren g th  is abo u t 35 percen t of its 
im pact s treng th  a t norm al tem peratu res (77° F ). 
Cellulose n itra te  is very  flam mable; i t  is no t suited 
fo r prolonged service in ou tdoor sun ligh t, fo r it 
tu rn s  yellow and becomes b rittle .

Cellulose aceta te  is com paratively  tough. Its 
low -tem peratu re  im pact s tren g th  and em brittle ­
m ent characteristics are in ferio r to  those of cellu­
lose n itra te . Cellulose ace ta te  is superior to  cellu­
lose n itra te  in resistance to  ou tdoor exposure and 
to  burn ing. S unlight has little  effect. Because 
there  are m any com m ercial compositions of this 
m aterial, i t  is advisable fo r a given application to 
indicate the application and  desired properties—  
fo r ' example;^ fo r  ~ general use or fo r resistance to 
heat, cold, im pact, or m oisture.

Cellulose ace ta te  b u ty ra te  m ateria l is tough  and 
has dimensional stab ility . F lu c tu a tio n  in dimen­

sion m ust be considered w hen articles are  m ade of 
a com bination of th is m a te ria l and  glass o r m etal.

E thyl cellulose m ate ria l possesses toughness, high 
im pact streng th  a t  low  tem p era tu res, and excellent 
dimensional stab ility . W hen the artic le  is in  com­
bination w ith  glass or steel, assurance m ust be 
m ade th a t the w all thickness of the  plastic is suffi­
cient to  w ith stand  the  s tra in  caused by tem pera­
tu re  changes. Type II  of th is plastic is specifically 
designed fo r lo w -tem pera tu re  resistance. A t 
— 50° F its im pact s tren g th  is abo u t 40 percen t of 
its im pact s tren g th  a t norm al tem pera tu res.

c. Nylons, N ylon is a generic te rm  fo r any 
long-chain synthetic polym eric am ide th a t  has re ­
cu rrin g  amide groups as an  in teg ra l p a r t  of the 
m ain polymeric chain and  th a t  is capable of being 
form ed in to  a filam ent whose s tru c tu ra l  elem ents 
are oriented in the  d irection  of th e  axis. N ylon 
tex tile  filam ent m ateria ls are noted fo r th e ir  to u g h ­
ness. The effect of ex trem e cold on the  m echanical 
properties of cords and  ropes is sm all; tensile 
streng th  increases and elongation decreases. W oven 
fabrics are no t stiffened o r em brittled  by extrem e 
cold b u t rem ain soft and  pliable a t —40° F. The 
effect of prolonged exposure to  sun ligh t and o u t­
door w eather is no t enough to  im pair p rac tica l 
u tility .

Several types of nylon plastics are involved here, 
and the ir properties are  no t identical. Im pact 
stren g th  is m easurably  decreased by extrem e cold, 
b u t toughness and im pact s tre n g th  a t low tem pera­
tu res are still so good th a t  nylon plastics have been 
successfully used a t low  tem p era tu res. A t —40° F 
the im pact s tren g th  of nylon is abo u t 5 5 percen t of 
its im pact s tren g th  a t  no rm al tem pera tu res. The 
electrical properties of nylon plastics are b e tte r  a t 
low tem peratu res. P rolonged exposure of nylon 
plastics to  sun ligh t and  w ea therin g  is no t recom ­
mended.

d. Polyvinyl, P olyviny l acetal m ateria l 
provides a to ug h  im p ac t-résis tan t layer fo r safe ty  
glass over a w ide range of tem p era tu res dow n to  
abou t —40° F. I t  has s tab ility  un der ligh t and 
heat, is re la tively  insensitive to  m oisture, and has 
good adhesive qualities. I t  is an excellent therm o­
plastic adhesive fo r  lea ther, ru b b e r, paper, wood, 
canvas, lam inated  cellophane, and  glass. I t  is also 
excellent fo r coating  fabrics  fo r raincoats, w a te r-  
repellent garm ents, ten tag e , food and clo th ing 
bags, and so on.

e. Vinylidene, V inylidene chloride m ate-
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r ia l is tough , resis tan t to  chemicals and prolonged 
im m ersion in  w a te r , nonflammable, and useful 
over a w ide range  of tem peratures.

f. Polystyrene. Polystyrene has good elec­
tr ic a l properties, good resistance to acids and sol­
ven ts, excellent dimensional stab ility , low u n it 
w eigh t, and general s tab ility  satisfacto ry  a t ex­
trem ely  low tem p era tu res (below —50° F ). Many 
of the  m ateria ls  have good outdoor w eathering 
properties.

Polystyrene expanded (foam  type) has several 
o u ts tan d in g  properties. One is its low therm al con­
d u c tiv ity  (0 .27 B tu /h r /s q  f t / ° F / in . ) .  A nother is 
its  low w a te r  absorption and m oisture transm ission 
ra te , w hich enhances its usage as an insulating  
m ateria l u n d er extrem ely  cold conditions. This 
m ateria l has good s tru c tu ra l  streng th , is easy to 
handle, and  m ay be bonded to itself, concrete, 
b rick , wood, o r m etal. I t  has a m inim um  buoyancy 
of 55 lb /c u  f t .

g. Resin .
(1 )  Phenol-Formaldehyde. These resins 

are therm osetting , and the molded types are shaped 
and hardened  by heat and pressure. They are 
h a rd , strong , rig id , and ligh t in w eight. They are 
no t readily  flam m able, and have good electrical 
in su la tin g  p roperties; b u t they are not suitable for 
prolonged ou td oo r exposure because the ligh ter 
colors fade, and  the m ateria l m ay change w a te r  
con ten t, causing slight expansion and contraction. 
Types are m ade to  provide general-purpose shock, 
electrical, hea t, and  chemical resistance. The 
shock-resistant types show the best com bination of 
flexural and tensile s tren g th  a t extrem e A rctic  
tem pera tu res. T he cast phenolic resins are no t 
recom m ended fo r ou tdoor use. The lam inated 
phenolic p ro d u c ts  are some of the strongest m ate­
rials in the p lastic  field.

( 2 ) Melamine-Formaldehyde. These res­
ins are th erm osettin g  and rig id  and possess a h a rd  
su rface  th a t  resists w ear. They have good elec­
tr ic a l properties and  th e ir  w a te r  absorption is low. 
D im ensional s tab ility , w ith  s treng th  and shock re ­
sistance, is good. The lam inated  melamine products 
are used w idely  fo r  electrical in strum ent panels.

(3 )  Urea-Formaldehyde. These resins 
are  therm osetting . They are colorless, offer u n ­
lim ited color possibilities, and have a high degree of 
translucency , as w ell as good m echanical and elec­
tr ic a l properties. T hey have been w idely used 
w ith in  a tem p e ra tu re  range of —70° to  170° F.

h. Neoprene. A ll neoprene products, w hen 
exposed to  tem peratu res in the range of 0° to  
— 50° F, stiffen and lose some of th e ir flexibility 
and resiliency. By proper com pounding of neo­
prene, how ever, i t  is possible to  m ake compositions 
th a t  re ta in  sufficient flexibility to be p rac tica l 
from  —50° to  — 60° F.

13. LUBRICANTS, FUEL, A N D  A N T I­
FREEZE. Reference should be made to  par. 4A 3.03 
fo r m ilita ry  specifications and list of N av y  stock 
num bers of m aterials prescribed for servicing of 
construction  equipm ent and autom otive vehicles 
fo r operation a t  low  am bient tem peratures.

2A9.02 FROZEN SOIL

1. COMPRESSIVE STREN G TH . Frozen ground  
w ith  pores com pletely filled w ith  ice is susceptible 
to  deform ation, the  ex ten t vary ing  w ith  tem pera­
tu re  and pressure. W ith  the rise of tem p era tu re  
the  deform ation of ice becomes more intense, and 
its p lastic ity  and flowage become more p ro­
nounced. W hen the ice begins to m elt, the ch a r­
ac te r  of the g round  is com pletely changed, and its 
deform ation is g rea tly  intensified even w ith o u t 
application of add itional load. The rise of tem ­
p e ra tu re  to  the m elting point m ay th us have a 
s tronger effect on the stab ility  of frozen ground  
th an  the increased load. (Ref. 55.)

The compressive s tren g th  of frozen ground  in ­
creases w ith  the low ering of tem pera tu re . Com­
pressibility of sànd varies w ith  the am ount of 
m oisture (ice) and reaches a m axim um  w hen the 
pores are com pletely filled w ith  ice. The com pres­
sive s tren g th  of clay decreases w ith  the increase 
of m oisture conten t. (R ef. 55.) (See Figures 
2A9-7 and 2A 9-8.)

Tables 2A 9-3, 2A 9-4, and 2A9-5 illu s tra te  the 
behavior of different types of frozen ground  un der 
compression. The conditions under w hich the 
values w ere ascertained are not know n. I t  is rec­
ommended, therefore , th a t  they be used w ith  cau ­
tion , and th a t  w henever practicable the compres­
sive value of the m ateria l in place be determ ined 
fo r use in any im p o rtan t design.

As can be seen in Table 2A9-4, the compressive 
s tren g th  of w a te r-  (ice-) sa tu ra ted  frozen ground  
a t  the tem p era tu re  no t exceeding 28.40° F is rela­
tively  small, va ry ing  from  5 to 30 k g /sq  cm.

The varia tions of s tren g th  of sa tu ra ted  frozen 
soil w ith  tem p era tu re  and tim e have no t been
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F IGURE 2A9-7
Com pressive Strength  of Frozen G round  in 

Relation to Temperature (Ret. 55)

determ ined, no r has the  creep of such soil un der 
m oderate loads. (See Section 2A5.)

2. ADFREEZE.
a. General. A dfreezing stren g th  of frozen 

g round  is defined as the resistance to  th e  force th a t 
is requ ired  to  pu ll a p a r t th e  frozen g rou nd  from  
the  object to  w hich i t  is frozen. In  engineering 
practice , how ever, the  tan g en tia l adfreezing 
stren g th  is of g rea te r  im portance. This is th e  re ­
sistance to  the  force th a t  is requ ired  to  shear off 
an  object th a t  is frozen to  th e  g round  and  to  over­
come the fric tio n  along th e  plane of its con tact 
w ith  the ground . C are should be exercised in 
eva lua ting  th e  tan g en tia l adfreezing  s tren g th  as 
given in  the orig inal R ussian reports, fo r  in  R us­
sian perm afrost li te ra tu re  the tan g en tia l adfreez­
ing s tren g th  is generally  re fe rred  to  as sila smer- 
zania or simply adfreezing  streng th . (R ef. 55.)

The tan g en tia l adfreezing  s tren g th  o f frozen 
g rou nd  varies w ith :

F IGU RE 2A9-8
Com pressive Strength  of Frozen G ro und  in 
Relation to A m o u nt of M oisture  I Ref* 55)

(1 ) A m ount of m oisture in th e  g round .
(2 ) T em pera tu re  o f th e  g round .
( 3 ) T ex tu re  and  porosity  of th e  g round .
(4) N a tu re  of th e  su rface  of th e  bu ild ­

ing m ateria l used (sm ooth o r ro u g h ) .
(5 ) Porosity  o f th e  m ate ria l near the

surface.
(6) Degree o f sa tu ra tio n .

The m axim um  ad freez ing  s tren g th  in m ost 
ground  is reached a t  ab o u t th e  m axim um  sa tu ra ­
tion  of g round  w ith  ice. F u r th e r  increase in 
am ount of ice, beyond th e  m axim um  sa tu ra tio n  
point, tends to  decrease the  adfreezing  s tren g th , 
g radually  approaching th a t  o f p u re  ice.

The heaving force o f g ro u n d  in  the  process of 
freezing is proportional to  th e  adfreezing  s tren g th  
of th a t  g round  w ith  th e  m a te ria l of th e  fo u n d a­
tion. The tan g en tia l ad freez ing  s tren g th  varies 
w ith  the te x tu re  of th e  g ro u n d  and , in general, is 
g rea ter in fine- and  m edium -grained  sand th an  in 
the coarse-grained aggregates. A dfreezing  s tren g th  
in clay and silt is sligh tly  less th a n  in  sand. (R ef. 
55.)

Tables 2A 9-6, 2A 9-7, and  2A9-8 and  F igures 
2A9-9, 2A 9-10, 2A 9-11, and  2A 9-12 give the 
qu an tita tiv e  d a ta  on th e  adfreez ing  s tren g th  be­
tw een different kinds of g ro u n d  and  wood and 
concrete un der d ifferen t conditions o f tem p era tu re  
and am ount of m oisture  ( ice ).

b. Soil Tests. In  designing an  im p o rtan t 
foundation  in a p erm afro st area , i t  w as deemed 
advisable to  tra n s fe r  th e  load, by  piling, to  a
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TABLE 2A9-3
Elastic and  Plastic Deformation of Frozen G round  Under Com pression  

IA dapted  from  Tystovich and  Su m g in ) I  Ref. 551

T y p e  o f g ro u n d
M o is tu re  

( ic e )  content, 
percen t

T e m p era tu re L im its  o f load, 
k g / s q  cm

T im e  in m in  
from  b e g in n in g  
of a p p lica t io n

R e la tive  de fo rm ation
E la stic  

deform ation,  
percent o f total

° C ° F of load E la stic P la stic d e fo rm ation

-  2.8 26.86 0.5— 1.5 6.0 0.000066 0.000074 49
7.0 0.000061 0.000129 32

36.8 -  2.8 26.86 0.5— 2.5 10.5 0.000127 0.000719 15
-  2.8 26.86 0.5— 2.5 11.5 0.000142 0.000562 20
-  2.4 27.68 0.5— 3.5 12.0 0.000220 0.001350 14

Frozen c lay 0.5— 3.5 13.5 0.000200 0.001250 14

-  2.0 28.40 0.5— 1.5 11.5 0.000110 0.000190 37

32.0 -  1.9 28.58 0.5— 2.5 12.5 0.000170 0.000845 17
-  1.5 29.30 0.5— 3.5 13.5 0.000220 0.002050 10
-  1.4 29.48 0.5— 3.5 14.5 0.000200 0.003560 5

32.5 -  1.3 29.66 0.5— 2.5 30.0 0.000055 0.006950 1
- 12.2 10.40 0.5— 1.5 11.0 0.000010 0.000010 50

17.0 - 1 0 .4 13.18 0.5— 2.5 12.0 0.000030 0.000020 60
-  8.7 15.66 0.5— 3.5 13.0 0.000055 0.000070 44
-  7.0 17.50 0.5— 4.5 14.0 0.000115 0.000205 36

Frozen c la yey  sa n d 12.8 -  1.7 28.04 0.5— 2.5 17.0 0.000042 0.000076 33
-  1.1 30.02 0.5— 3.5 18.0 0.000111 0.000231 32

16.9 -  2.5 27.50 0.5— 2.5 30.0 0.000180 0.000475 27
-  1.7 28.04 0.5— 3.5 30.0 0.000350 0.006670 5

-  4.9 23.18 0.5— 1.5 11.0 0.000035 0.000001 97
-  3.5 25.70 0.5— 2.5 12.0 0.000090 0.000045 67

39.2 -  3.4 25.88 0.5— 3.5 17.0 0.000190 0.000140 58
Frozen  s ilt 0.5— 5.0 34.5 0.000430 0.000730 37

-  1.0 31.20 0.5— 3.5 18.0 0.000335 0.000260 56

38.9 -  0.8 30.56 0.5— 5.0 19.5 0.000640 0.003030 17
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Type of 
ground

Dom inant Temperature Coefficient
of

saturation,

Tangential
adfreezing
strengthgrain  

size, mm °C °F per cwt. K g /c m 2 Psi

Clay, No. 1 0.01 -10 14 77 15.3 217

Sand, fine No. 2 0.25 -10 14 76 23.3 331

Sand, medium No. 3 1.0 -10 14 78 26.8 381

Sand, coarse to fine, 
No. 4

3 -0 .2 5 -10 14 79 21.7 308

Sand, coarse No. 5 3 -2 -10 14 97 19.1 271

Gravel, fine No. 6 5.0 -10 14 77 2.6 37

Gravel, No. 7 10.0 -10 14 79 0.9 13

FIGURE 2A9-9
Tangentia l A d free ling  Strength  Betw een W ood  a nd  Frozen G round  

at Différent Textures I  Ref. 5 5 1
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TABLE 2A9-4
Com pressive Strength  of Frozen G round  at Temperatures From  —3.0° to — 2° C  (31.46° to 28.40° F)

f Adapted  from  Tystovieh and Su m g in l lR ef . 55)

U lt im ate  c o m p re ss iv e
T y p e  o f g ro u n d  

(g ra n u lo m e tr ic  c o m p o sit io n )
tem pera tu re M o is tu re  (ice ), stre n g th

pe rcen t
°C °F k g / s q  cm psi

S a n d  w ith  ru b b le  ( g r  >  1 m m  =  8 5 % ) - 1 . 4 29.48 15 27 384
S a n d .( g r  >  1 m m  =  8 0 % ) - 0.8 30.56 18 28 398
S a n d , a rk o s ic  ( g r  >  1 m m  =  6 1 % ) - 1.6 29.12 15 43 611 1
S a n d , a rk o s ic  ( g r  >  1 m m  =  4 4 % ) - 1 . 7 28.94 20 30 426
S ilty  sa n d  (g r  <  0.005 m m  «  4 % ) - 0 . 4 . 31.18 38 22 311

S ilty , c layey  sa n d  ( g r  <  0.005 m m  =  7 % ;  >  1 m m  =  0 . 5 % ) - 1.1 30.02 20 28 398
C laye y  sa n d  ( g r  <  0.005 m m  =  10% ) - 0 . 7 30.74 36 15 213
C la ye y  sa n d  (g r  <  0.005 m m  =  1 0 % ) - 1.1 30.02 32 18 256 ;
C la ye y  sa n d  ( g r  <  0.005 m m  =  1 0 % ) - 1.2 29.84 46 12 171
C la ye y  sa n d  (g r  <  0.005 m m  =  8%  ; 0.05 to 1 m m  =  68% ) - 0 . 3 31.46 21 12 171

C laye y  sa n d  (g r  <  0.005 m m  =  8% ;  0.05 to 1 m m  «  68% ) - 1.0 t o - 1.1 33.80 to 30.02 21 25 355
C la ye y  sa n d  ( g r  <  0.005 m m  =  1 0 % ;  >  1 m m  =  2 5 % ) - 0 . 4 31.18 17 10 142
C la ye y  sa n d  ( g r  <  0.005 m m  «  1 0 % ;  >  1 m m  =  5 % ) - 0 . 9 30.38 31 26 369
C laye y  sa n d  (g r  <  0.005 m m  =  9 % ;  >  1 m m  =  1 5 % ) - 1 . 5 29.30 48 23 327
S a n d y , m icaceo u s c lay  ( g r  < 0 .0 0 5  m m  =  1 3 % ;  > l , m m = 9 % )  33.80 - 0.6 30.92 32 19 270

S a n d y  c lay  w ith  ru b b le  ( g r  <  0.005 m m  =  1 7 % ;  >  1 m m  =  1 2 % ) - 1.8 28.76 23 22 313
S a n d y  c lay  ( g r  <  0.005 m m  =  2 3 % ) - 1 . 9 28.58 41 27 384
S a n d y  c lay  ( g r  <  0.005 m m  =  2 2 % ) - 1 . 4 29.48 43 22 311
S a n d y  c lay  ( g r  <  0.005 m m  =  1 7 .5 % )  
S a n d y  c lay  ( g r  <  0.005 m m  =  1 5 % )

- 1 . 3 29.66 24 17 242
- 1.0 30.20 34 15 213

S a n d y  c lay  ( g r  <  0.005 m m  =  1 4 % ) - 0.8 30.56 32 24 341
S a n d y  c lay  ( g r  <  0.005 m m  =  1 4 % ) - 0.8 30.56 28 17 242
S a n d y  c lay  ( g r  <  0.005 m m  =  2 0 % ;  >  1 m m  =  2 1 % ) - 0.6 30.92 37 22 311
S a n d y  c lay  ( g r  <  0.005 m m  =  1 8 % ;  >  1 m m  =  1 4 % ) - 1 . 9 28.58 27 26 369
S a n d y  c lay  ( g r  <  0.005 m m  =  1 7 % ;  >  1 m m  =  1 7 % ) - 1.6 29.12 29 24 341

S a n d y  c lay ( g r  <  0.005 m m  =  1 7 % ;  >  1 m m  =  1 6 % ) - 0.8 30.56 26 23 327
S a n d y  c lay  ( g r  <  0.005 m m  =  1 5 % ;  >  1 m m  =  1 9 % ) - 1 . 3 29.66 21 20 284
S a n d y  c lay  ( g r  <  0.005 m m  =  1 5 % ;  >  1 m m  =  3 % ) - 0.8 30.56 37 18 256
S a n d y , s ilty  c lay  ( g r  <  0.005 m m  =  2 6 % ) - 2.0 28.40 52 29 412
C la y  ( g r  <  0.005 m m  =  4 5 % ) - 1 . 7 28.94 45 15 213

C la y  (g r  <  0.005 m m  =  3 6 % ) - 0 . 3 31.46 43 6 85
C la y  ( g r  <  0.005 m m  =  3 6 % ) - 1 . 5 29.30 48 16 227
C la y  ( g r  <  0.005 m m  =  3 0 % ) - 1 . 7 28.94 34 20 284
C la y  ( g r  <  0.005 m m  =  2 6 % ) - 1 . 5 29.30 42 17 242
S ilt  ( g r  <  0.005 m m  =  2 2 % ) - 1.6 29.12 52 24 341

S ilt  ( g r  <  0.005 m m  =  1 4 % ) - 1.2 29.84 38 14 199
S ilt  ( g r  <  0.005 m m  =  1 3 % ) - 1.0 30.20 70 22 313
S i lt  ( g r  <  0.005 m m  =  1 2 % ) - 0 . 7 30.74 40 12 171
S i lt  (g r  < 0 .0 0 5  m m  =  1 4 %  ; 0.005 m m  to 0.05 =  6 3 %  ; 

o rg a n ic  m a t te r = 1 8 % ) - 0 . 3 31.46 59 5 71

S ilt  ( g r  < 0 .0 0 5  m m  =  1 4 %  ; 0.005 m m  to 0 . 0 5 = 6 3 %  ; - 1.1 30.02 52 12 171
organ ic  m a t te r= 1 8 % )

definite s tra tu m . Piles sim ilar to  those shown in 
F igure 2A6-15 w ere used. To tra n s fe r  the load 
effectively and  lise the  piling to  m axim um  advan- 
tage, adfreeze values fo r  piling and  perm afrost 
w ere determ ined in  a field lab o ra to ry  operated by 
A rctic  con trac to rs  (US N av y  C o n trac t N O y- 
13360). T h a t portion  of the final lab o ra to ry  re ­
p o rt (Ref. 56) sum m arizing the w o rk  on adfreeze 
is given in th e  follow ing paragraphs.

Several m ix tu res and  solutions w ere m ade up  
and  tested fo r adfreeze to  determ ine the best back­

fill fo r O um alik  piling. F resh w a te r , sa lt w a te r , 
and fresh w a te r  w ith  adm ix tu res of A quagel 
(d rilling  m u d ), Baroid (d rillin g  m u d ), Aeroseal Q 
(d rilling  m ud dispersing chem ical), fibrous pea t, 
silt, saw dust, dishw ashing d e terg en t, T erg ito l 
(w ettin g  a g e n t) , and  trisod ium  phosphate (w e t­
ting  agen t) w ere tested.

In  every case, the  sam ple froze from  the  rod o u t­
w ard , producing  an  adfreeze bond form ed of c lear 
ice. Results showed th a t  clean, fresh  w a te r  p ro ­
vided the strongest bond. T he o ther samples tested
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TABLE 2A9-5

M e a n  Values of Com pressive  Strength of 
W ater-Saturated Frozen G round

T y p e  o f g ro u n d

A t  te m p e ra tu re s  
not low er than  

- 0 . 5 °  C  
(31.10° F )

A t  te m p e ra tu re s  
from  - 0 . 5 °  to 

- 1 .5 °  C  (31.10°  
to 29.30° F)

A t  tem pera tu res  
from  -1 .5 °  to  

- 2 .0 °  C  (29.30°  
to 28.40° F )

K g / s q  cm P s i K g / s q  cm P si K g / s q  cm P s i

S a n d 22 313 27 384 30 426
C la ye y  sa n d 11 156 22 312
S a n d y  c lay . . . . . . 20 284 26 370
C lay 6 85 17 242
S ilt 5 71 15 213 23 327

Effect of M oisture on Adfreesing Strength of 
C layey  G round  I  Ref. 551

TABLE 2A9-6
Effect of Tem perature and  M oisture C ontent on Tangential Ad free iing  Strength Between  

Different Types of G round  end  W ater-Saturated W ood and  Concrete  
(Adapted  from  Tystovich and  S u m g in l lRef. 551

T e m p e ra tu re
W ith  w ate r-sa tu ra te d  w ood W ith  w ate r-sa tu ra ted  concrete

T y p e  of g rou n d
M o istu re ,

Adfreezino strength
M o istu re ,

Adfreezine strength
(g ra n u lo m e tr ic  c o m p o sitio n )

° C ° F percent
K g / s q  cm P si

percent
K g / s q  cm Psi

S ilt  ( g r  0 .05 to 0 0 0 5  m m  =  6 3 % ) 29.9 3.6 51.2

C la y  ( g r  <  0.005 m m  =  3 6 % ) 27.1 2.9 41.2

- 0.2 31.64 C la y e y  sa n d  ( g r  1 to 0.05 m m  =  68% ) 12.1 1.3 18.5

22.4 7.0 99.6 16.4 4.4 62.6

S i l t  ( g r  0.05 to 0.005 m m  =  6 3 % ) 32.6 '  
43.8

8.9
7.1

126.6
101.0

33.0
44.0

6.0
9.2

85.3
130.8

51.2 7.6 108.1 53.2 3.1 44.1

22.4 3.2 45.5 17.8 7.8 110.9

C la y  ( g r  <  0.005 m m  =  3 6 % ) 26.4
37.3

5.9
13.0

83.9
184.9

26.3
36.2

4.8
6.4

68.2
91.0

56.5 11.8 167.7 43.9 5.8 82.4

6.7 2.8 39.7 5.8 2.8 39.7
C la y e y  sa n d  ( g r  1 to 0.05 m m  =  68% ) 10.1 4.1 58.3 11.7 6.4 91.0

- 1.2 29.84 13.3 7.2 102.4 12.1 7.0 99.6
16.5 8.2 116.6 16.1 11.1 157.9 '

18.8 6.9 98.1 17.4 7.8 110.9
S i l t  ( g r  0.05 to 0.005 m m  =  6 3 % ; 33.9 14.1 200.5 32.5 21.8 310.1

<  0 .005 m m  =  1 4 % ; 41.5 28.7 408.2 46.4 26.2 372.6
o rg a n ic  m atte r =  1 8 % ) 51.0 34.8 495.0 51.8 28.1 399.7

62.2 34.7 493.5 58.3 27.7 394.0

C la y  ( g r  <  0.005 m m  =  3 6 % ) 18.4 12.8 182.0 18.9 20.6 293.0

21.6 15.7 223.3 25.1 21.9 311.5

C la y  ( g r  <  0.005 m m  =  3 6 % )
28.4 18.6 264.5 34.6 25.3 359.8
41.4 32.2 558.0 46.1 *20.1 285.9
55.6 31.9 453.7

- 10.0 24.0
5.7 7.9 112.4 7.5 10.0 142.2

C la y e y  sa n d  ( g r  1 to 0.05 m m  =  68% ;
A AAF _ _  A/rf\

10.1
13.9

12.6
21.4

179.2
304.4

11.9
18.1

22.8
24.2

169.2
344.2

<  0.005 m m  =  8% ) 19.9 32.3 459.4 23.8 21.0 298.7
33.5 33.5 476.5
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TABLE 2A9-7
Tangential Ad tree ling  Strength  Betw een Different Types of Frozen G ro u n d  and  W ater-Saturated  

W ood I Adapted  from  Tystovieh and Su m g in l tRef. 551

G ran u lo m etric  com p ositio n T em pera tu re A d fre e z in g  stren g th

T y p e  of g rou n d
M o istu re ,

p e rcen tPercen t o f g ra in s  
>  1 m m

Percen t o f g ra in s  
<  0.005 m m

° C ° F K g / s q  cm P si

N o n e 45 - 1 . 5 29.30 41 5 71.1
13 45 - 1.0 30.20 39 6 85.3

C lay 41 - 1.0 30.20 30 5 71.1
6 31 - 2.2 28.04 29 7 99.6
2 30 - 1.6 29.12 24 7.2 102.4

S a n d y  c lay N o ne 27 - 0.8 30.56 35 4 56.9
N o ne 25 - 1.2 29.84 26 5 71.1

S ilty , sa n d y  c lay  
S a n d y  c lay

N o ne 24.8 - 1 . 5 29.30 40

39

6 85.3

56.9w ith  la ye rs o f ice N o ne 23.5 - 0.8 30.56 4

S a n d y  c lay N o n e 22 - 1.8 28.76 39 6 85.3
N o n e 22 - 1.6 29.12 34 4 56.9

Sa n d y , s ilty  c lay
85.3w ith  la ye rs o f ice N o n e 22 - 1 . 5 29.30 43 6

S a n d y  c lay  
S a n d y  c lay

N o n e 20 - 0 . 5 31.10 20 2 28.4

71.1w ith  la ye rs of sa n d N o n e 18 - 1.0 30.20 18 5
S ilty , sa n d y  c lay 14 18 - 2.0 28.40 25 7 99.6

13 17 - 1.1 30.02 31 4 56.9
17 17 - 2.2 28.04 25 10 142.2

N o ne 16 - 0.6 30.92 27 4 56.9
S a n d y  c lay N o n e 15 - 1.6 29.12 28 7 99.6

N o ne 15 - 0 . 7 30.74 25 3 42.7
3 15 - 0 . 5 31.10 25 2 28.4
3 15 - 4 . 0 24.80 26 4.3 61.1

14 - 1.2 29.84 24 6 85.3
S a n d y  c lay N o ne 14 - 0.8 30.56 36 3 42.7

N o ne 14 - 2.0 28.40 33 5 71.1

S a n d y  clay, m ica ceo u s
1 14 - 1.8 28.76 32 3 42.7
9 13 - 0 . 5 31.10 25 2 28.4

i*  25 13 - 1.6 29.12 17 7 99.6
S a n d y  c lay 11 - 0 . 9 30.38 27 5 71.1

* 23* 10 - 1.6 29.12 25 5 71.1

S a n d y  c lay, m icaceo u s N o ne 10 - 1.0 30.20 39 3.3 46.9
S a n d y  c lay 5 10 - 1.8 28.76 23 7.2 102.4

C laye y  sa n d  w ith  s i lt  . 0.5
9
7

- 1.1
- 1.0

30.02
30.20

28
17

3.1
5.4

44.1
76.8

C laye y  sa n d  
S ilty , c layey  sa n d

41 7 - 1 . 5 29.30 16

27

1.3

3.3

18.5

46.9w ith  la ye rs o f  ice • . . 4 - 1.6 29.12
G ran itic  a rko se 61 ? - 1 . 7 28.94 14 2 28.4
Gravel 80 3 - 1.1 30.02 12 3.3 46.9

*
either produced no appreciable effect o r showed 
a m arked  in fe rio rity , as w as the  case w ith  drilling  
m ud. The solutions w ere no t, as a ru le , suitable 
because of th e  low er freezing points. Some samples 
w ere frozen slowly and  others rap id ly . N o m arked 
difference in  s tren g th  w as noted. The silt sample 
w as th e  only one in  w hich no la rge  ice-crystal 
s tru c tu re  w as eviden t.

Conditions u n d er w h ich  th e  samples froze w ould  
correspond to  w in te r  in sta lla tio n  of steel piling. 
Sum m er in sta lla tion , w hen freezing  w ould  p ro ­
gress from  the g ro u n d  to  th e  pile, m igh t produce 
a slightly different effect, b u t should no t change 
the s tren g th  figures noticeably .

A sum m ary o f average u ltim a te  s treng ths u n d er 
the conditions of loading used follows.
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TANGENTIAL ADFREEZING 
STRENGTH, KG/SQ CM

°F °C Lb/sq in ,
30.2 - 1 69
28.4 - 2 108
26.6 - 3 123
24.8 - 4 157
21.2 - 6 179
19.4 - 7 200

Tests fo r  repeated  loading, or live loads, ind i­
ca ted  th a t  a considerable undeterm ined fac to r w as 
involved. T im e w as a v e ry  im p ortan t fac to r, due 
serious consideration  if  resu lts w ere to  be applied 
to  m ore p erm anen t s tru c tu re s  th an  the drilling  
rigs. A nother im p o rtan t fac to r w as th e  length of 
tim e allow ed fo r  th e  ice to  age before loading. 
A fte r  th e  solution w as frozen, several days w ere 
requ ired  even a t  v e ry  low  tem peratu res fo r fu ll 
adfreeze s tre n g th  to  develop.

Tests a t  - 5  • C  (23°  F ) indicated the  m axim um

TABLE 2A9-8
Effect of Tem perature on Tangential Adfreeling  

Strength  of Different M aterials IAdapted  
from  Tystovieh a nd  Su m g in l l Ref. 551

M a te r ia l T e m p e ra tu re
Percent  
m o is ­

ture by 
w eigh t

Tan gen tia l
ad freez ing

strength

° C ° F K g / s q  cm Psi

Ice  a n d  sm o o th -su r fa c e d  
w ood  (w o o d  p laced  in 
w ater in a i r - d r y  c o n d i­
t io n )

-1
- 5
- 7-10-20

30.20
23.0 
19.40
14.0 

- 4 . 0

5.06.211.6
13.722.0

71.188.2 
165.0
194.8
312.9

Ice  a n d  sm o o th  concre te
- 5
to-10

23.0 
to

14.0
. . . 9.8 139.4

C la y  ( g r  <  0.005 m m  
=  3 6 % )  a n d  w ate r  
sa tu ra te d  w o od  ( m o is ­
ture  con ten t o f g r o u n d s  
a b o u t V2 o f sa tu ra t io n )

- 0 . 2
- 1 . 5
- 5 . 8

- 1 0 . 8
- 1 7 . 8

31.64
29.30
19.56
12.56 

- 0 . 0 4

27.1
26.4
28.4
28.4 
25.8

2.9
5.9 11.1 

18.6 
29.4

41.2
83.9

157.9 
264.5
366.9

C laye y  sa n d  ( g r  1 to  
0.005 m m  =  6 8 % ;  <  
0.005 m m  =  8 % )  a n d  
w a te r-sa tu ra te d  w ood

- 0 . 2
- 1 . 2
- 2 . 7
- 5 . 2
- 5 . 6

- 1 0 . 7
- 1 7 . 4

31.64 
29.40  
27.14
22.64 
21.92

11.740.68

12.1
13.010.1
14.8
12.9

14.112.8

I .  3 
7.0II. 0

19.6 20.8
24.7 
27.4

18.5
99.6 

156.4
278.8
295.8

351.3
289.7

S ilt  ( g r  <  0.005 m m  =  
1 4 % ;  o rg a n ic  m atte r =  
1 8 % )  a n d  w a te r - sa tu ­
rated w ood

- 0 . 2
- 0 . 5
- 5 . 7

- 1 0 . 3
- 1 2 . 3

- 2 2 . 7

31.64
31.10
21.74
13.46
9.86

- 8 . 8 6

29.5
33.4
34.3
33.1
33.2

34.9

3.6 6.110.6 
14.3
19.9

25.9

51.286.8
150.8
203.4 
283.0

368.4
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F IGURE 2A9-11
Effect of M oisture on Ad free iing  Strength of 

C la yey , Sa nd y  G round  I Ref. 55)

dead load fo r an extended length  of tim e to  be 
abou t 40 lb /sq  in. A t — 5° C (23° F) an average 
deflection of 0.001 in. per 10 lb /sq  in. load w as 
recorded.

A critica l tem p era tu re  for good adfreeze 
s tren g th  appeared to  be —3° C (26.6° F ) . Because 
of m echanical considerations connected w ith  tem ­
p era tu re  con tro l, tests a t  0° to  —2° C (32° to  
28.4° F) w ere unreliable. Field testing  m ust be 
resorted to  fo r  ob tain ing  th is critica l in form ation.

These ca re fu l and  excellent studies of adfreeze 
m ade a t  Point B arrow , A laska, resu lted  in using 
the  u ltim ate  streng ths shown in the sum m ary. I t  
is now  believed, how ever, th a t  these values w ould  
have been too high fo r use in the design of a per­
m anent s tru c tu re .

3. SHEAR. (R ef. 22.) U nder the influence 
of concentra ted  loads, bo th  thaw ed and  frozen soil 
commonly fa il by shear. A ccording to  Coulomb’s 
classical concept, the  resistance s per u n it of area 
against fa ilu re  by  shear along a section th ro u g h  
any m ateria l is

s = c -j-p tan <f> (2A 9-1)
c =  cohesion (shearing resistance fo r p =  0) 
p =  u n it pressure on su rface  of sliding 
<f> =  angle of in te rn a l fric tio n

The va lid ity  of th is equation  is sub ject to  v a ri­
ous lim itations (R ef. 57, pp. 78 -93), b u t in connec­
tion  w ith  the follow ing discussions these lim ita­
tions can be disregarded.
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FIGURE 2A9-12
Effect of Temperature on Tangential A d free ling  Strength  Betw een  

Various Materials (Ret. 551
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Shearing  Strength  of Frozen G round  in Relation 
to A m o u n t of M oisture I  Ref. 551

TABLE 2A9-9
Effect of Tem perature on Shearing Strength of 

Frozen G ro und  (A dapted  from  Tystovich 
a nd  S u m g in l I Ref. 551

T y p e  of g ro u n d  
(g ra n u lo m e tr ic  
c o m p o s it io n )

T e m p e ra tu re Percent 
m oistu re  
( ic e )  by 
w e igh t

U ltim ate  
sh e arin g  

: strength

° C ° F K g / s q  cm Psi

- 0 . 4 31.28 45.5 3.7 52.5

C la y  ( g r  0.01 to
- 1 . 8 28.76 50.6 17.2 244
- 3 . 0 26.60 49.8 20.9 297

0.005 m m  =  5 0 % ; - 4 . 9 23.18 44.0 24.3 345
<  0.005 m m  =  3 6 % ) - 6 . 3 20.66 42.0 28.5 405

- 8 . 8 16.16 45.9 33.5 476

- 0 . 4 31.28 18.4 4.9 69.5
- 0 . 9 30.38 17.8 10.6 151

C la ye y  sa n d  ( g r  1 to - 3 . 1 26.42 19.1 21.8 310
0.05 m m  =  6 8 % ; - 3 . 9 23.18 16.9 24.8 352
<  0.005 =  8 % ) - 6 . 7 19.94 19.0 44.2 628

- 8 . 5 16.70 16.2 47.5 675
- 9 . 3 15.26 19.0 48.5 688

C lean  a rtific ia l ice

0.0
- 0 . 4
- 2 . 9
- 4 . 4
- 6 . 1

- 1 0 .1

32.00
31.28
26.78
24.08
21.20

13.72

9.9
11.0
27.4
32.5
38.5

56.2

141
157
390
462
547

799

FIGURE 2A9-14
Shearing  Strength  in Relation to Temperature  

IRef. 551

I f  th e  shearing resistance of a m aterial is de ter­
m ined by equation  (2A9-1 ) , the unconfined com­
pressive s tren g th  qu o r the  u n it load un der w hich 
a cylindrical specimen fails is equal to

qu =  2 c ta n  (^45 +  (2A 9-2)
For coarse-grained soil like clean sand or gravel 

in a d ry  or com pletely sa tu ra ted  b u t unfrozen  
sta te , c =  0 and qu — 0. In  other w ords, these 
types of soil owe th e ir  capacity  to  sustain concen­
tra te d  loads exclusively to  in ternal fric tion . The 
angle of th e ir  in te rna l fric tion  commonly lies 
betw een 35 and 45 degrees, and its value depends 
on the rela tive  density and the shape of the grains. 
Fine sand and very  fine sand in a moist sta te  have 
a slight apparen t cohesion th a t  disappears as soon 
as the  sand is subm erged.

The compressive s tren g th  qu of a sa tu ra ted  silt 
o r clay depends on its geologic h istory  and on the 
physical and chem ical properties of the clay consti­
tu en ts. The qu value determ ines the consistency of 
the clay, w hich is commonly designated by one 
of the follow ing term s.
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TABLE 2A9-10
Shearing Strength  of Ice-Saturated  Frozen G round  lAdapted  from  Tystovieh and  Su m g in l

(Ref. 551

T yp e  of g rou n d  (gra n u lo m e tr ic  c o m p o sit io n )
T em pera tu re

P ercen t m o istu re  
( ic e )  by w e igh t

U lt im a te  sh e a r in g  stren g th

° C ° F K g / s q  cm P si

1. R ubb le  (w eathered  gra n ite )  ( g r  >  1 m m  =  4 4 % ) - 1 . 8 28.76 23 11.0 157
2. S a n d  (g r  <  0.005 m m  =  3 % ;  >  0.25 m m  =  3 4 % ) - 0 . 8 30.56 36 12.2 174
3. S a n d  (g r  >  0.25 m m  =  5 1 % ) - 0 . 7 30.74 18 10.9 155
4. S ilty, c layey sa n d  ( g r  <  0.005 m m  =  4 % ) - 1 . 6 29.12 26 10.0 142
5. S a n d y  c lay w ith rubb le  (g r  <  0.005 m m  =  1 3 % ;  >  1 m m  =  2 5 % ) - 1 . 6 29.12 19 10.8 154

6. S a n d y  c lay  w ith  rubb le  ( g r  <  0.005 m m  =  9 % ;  >  0.25 m m  =  3 3 % ) - 1 . 1 30.02 49 15.0 213
7. S a n d y  c lay  ( g r  <  0.005 m m  =  2 7 % ) - 1 . 9 28.80 28 8.9 127
8. S a n d y  c lay ( g r  <  0.005 m m  =  2 2 % ) - 1 . 9 28.80 34 9.0 128
9. S a n d y  c lay ( g r  <  0.005 m m  =  1 5 % ) - 1 . 6 29.12 29 7.0 99.5

10. S a n d y  c lay ( g r  <  0.005 m m  =  1 5 % ) - 1 . 9 28.80 23 10.0 142

11. S a n d y  c lay ( g r  <  0.005 m m  =  1 4 % ) - 1 . 7 28.94 24 8.0 114
12. S a n d y  c lay  ( g r  <  0.005 m m  =  1 1 % ) - 1 . 7 28.94 34 8.9 127
13. S a n d y  c lay ( g r  <  0.005 m m  =  1 0 % ) - 2 . 0 28.40 39 9.5 135
14. S a n d y  c lay  ( g r  <  0.005 m m  =  1 2 % ;  >  0.25 m m  =  1 3 .6 % ) - 0 . 9 30.38 37 8.9 127
15. S a n d y  c lay ( g r  <  0.005 m m  =  1 7 % ;  >  1 m m  =  1 6 % ) - 1 . 8 28.70 27 8.0 114

16. S a n d y  c lay ( g r  <  0.005 m m  =  1 7 % ;  >  1 m m  =  1 3 % ) - 2 . 1 28.12 31 8.5 121
17. S an d y , silty  c lay  ( g r  <  0.005 m m  =  2 5 % ) - 2 . 0 28.40 36 8.0 114
18. S an d y , silty  c lay  ( g r  <  0.005 m m  =  1 5 % ) - 1 . 3 29.66 23 6.0 85.2
19. S an d y , silty  c lay  ( g r  <  0.005 m m  =  1 5 % ) - 2 . 8 26.96 23 14.0 199
20. S a n d y , silty  c lay  (g r  <  0.005 m m  =  1 4 % ) - 1 . 5 29.30 34 7.4 105

21. S a n d y  c lay ( s lu d )  ( g r  <  0.005 m m  =  1 4 % ;  >  1 m m  =  1 2 % ) - 1 . 7 28.94 17 10.3 147
22. C lay  (g r  <  0.005 m m  =  4 5 % ) - 2 . 1 28.12 35 6.6 93.8
23. C la y  ( g r  <  0.005 m m  =  4 ,1 % ) - 1 . 8 28.76 33 8.0 114
24. C lay  ( g r  <  0.005 m m  =  3 1 % ;  >  1 m m  =  6 % ) - 1 . 9 28.80 29 9.0 128
25. S ilt  ( g r  <  0.005 m m  =  1 4 % ;  0.01 to 0.005 m m  =  6 8 % ) - 0 . 6 31.92 ,55 7.8 111

Very Very Extremely
Consistency soft Soft Medium Stiff stiff stiff

q„ in k g /sq  cm 0.25 0.25 to 0.5 to 1 .0  to 2 .0  to 4.0
0.5 1.0 2.0 4.0

q„ in psi 3.5 3.5 to 7.0 to 14.0 to 28.0 to 56.0
7.0 14.0 28.0 56.0

If soil is exposed to  freezing tem peratu res, the 
free w ate r contained in the voids of the soil freezes, 
w hereupon the ice in terconnects the soil particles. 
T herefore, the stren g th  of the soil increases. The 
unconfined compressive s treng th  q,/ of the frozen 
soil depends on the unconfined compressive streng th  
qi of the ice, on the degree of sa tu ra tio n  S>, and 
the angle of in te rna l fric tio n  <f> in equation 
(2 A 9 -2 ).

The unconfined compressive s treng th  q t of ice 
depends on m any factors. (See par. 2A 4.07.)

Because frozen soil owes its cohesion chiefly or 
entirely  to th a t of the ice, the behavior of frozen 
soil under stress m ust have a t least some features 
in common w ith  the behavior of pu re  ice under

sim ilar stress conditions. Because the angle of 
in terna l fric tion  of ice is equal to  zero, equation  
( 2 A 9 - 2 ) requires th a t  the cohesion c of ice be
equal to ^ .

If  the degree of sa tu ra tio n  of soil is sm aller th an  
1 0 0  percent, the freezing  of th e  soil m oisture im ­
p arts  to  the soil the c h a rac te r  of a mild sandstone. 
The grains of this sandstonelike m ateria l are in te r ­
connected by m inu te  patches of ice. On the o ther 
hand, if a sa tu ra ted  soil freezes, i t  tu rn s  in to  a 
block of ice, reinforced by a skeleton of solid soil 
particles. The s tren g th  q /  of such a soil is likely 
to  be approxim ately equal to
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qû  =  qi ta n  ^45 - f  (2A9-3 )
qi — unconfined compressive streng th  of ice 
4> =  angle of in te rn a l fric tio n  of soil

E quation  (2A 9-3) is identical w ith  the equation

fo r the confined compressive streng th  of crystalline 
rocks such as m arble.

Figures 2A9-13 and 2A 9-14 and Tables 2 A 9-9 
and 2 A 9 - 1 0  show the shear-strength  values ob­
tained fo r soil and the varia tion  in these values 
w ith  tem p era tu re  and m oisture content.
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PART B. DESIGN OF STRUCTURES

Section I. STRUCTURAL DESIGN CRITERIA

2BI.0I GENERAL

Each and every s tru c tu re  in the Cold Regions 
m ust be designed and constructed  so th a t  i t  w ill 
properly and adequately  fulfill its mission under 
the conditions to w hich it w ill be subjected. De­
signs w ill be influenced by the m aterials and labor 
available, the tem porary  or perm anent n a tu re  of 
the construction , the disciplines of the area in 
w hich the s tru c tu re  is to be bu ilt, and the probable 
changes in the existent therm al regime because of 
the s tru c tu re , its occupancy, and its use.

W ind, snow, precip itation , tem peratu re , and ice 
conditions of the area should be studied before any 
s tru c tu ra l design is un dertak en . The da ta  p re­
sented in C hapter 1 and A ppendix B are indicative 
of w h a t can be expected a t certa in  locations in the 
Cold Regions. W hen in form ation is available, how­
ever, th a t indicates local variations, i t  should be 
used in conjunction w ith  or in place of th a t  given.

A lthough various specifications and details exist 
fo r s tru c tu res  in the Cold Regions, they should be 
reviewed and evaluated  for th e ir adequacy to 
accomplish the assigned mission un der the dis­
ciplines of the area.

Exposure, in addition to its effect on foundations 
(Section 2A 6 ) and heat transm ission, re frig e ra ­
tion, and tem p era tu re  m easurem ents (Section 
2 A 8 ) , requires more a tten tion  th an  in the Tem ­
perate Zone. This applies to  all types of s tru c tu res  
— emergency, tem porary , sem iperm anent, and per­
m anent. Special consideration m ust also be given 
to  probable icing on operations areas, heat loss, 
d rif tin g  snow, and po rtab ility  (if  req u ired ); pos­
sible damage from  snowslides, avalanches, and high 
w ate r (both  surface and ground w a te r) ;  and ice 
jams and the ir b reakup . The possibility of in te r­
ference w ith  the established drainage is extrem ely 
im portan t. D u rin g  storm s, shore and near-shore 
installations m ay be subjected to  the piling up  of 
pack and offshore ice.

Designs fo r shore and near-shore installations

will be influenced by the ch a rac te r  of the shore ice 
and the possible effect of its v e rtica l and horizon ta l 
movement on such installations. In  con struc ting  
facilities of this type, bo th  the active and passive 
methods of construction  w ill o ften  have to  be used 
because, in m any cases, the subsurface  conditions 
m ay be the same as those illu s tra ted  by the borings 
a t C hurchill, C anada (F igu re  2A 5-16).

Many sections of the Cold Regions are sub ject to  
ea rth  trem ors. A seismic coefficient of 0.08 of 
g rav ity  has been used in the  design of some of the 
im portan t buildings in the  F airbanks, A laska, area, 
and it is believed th a t  this fa c to r  is very  conserva­
tive.

2B 1.02 MATERIALS AND EQUIPMENT

Consideration m ust be given to  the  p rac ticab ility  
of using construction  m aterials th a t  m ay be av a il­
able in the area. Designs m ust be such th a t  the 
m aterials and equipm ent to  be used (a) can p rop­
erly fulfill the ir fu n c tio n  u n d er the disciplines to  
w hich they w ill be sub jected , (b )  can be delivered 
to the site in accordance w ith  the  tim e schedule 
provided fo r by th e  mission, and (c) can be 
properly erected and installed  in accordance w ith  
the time schedule by the  labor available.

2BI.03 SETTLEMENT

Settlem ent of a s tru c tu re  is determ ined by the 
ability  of the g rou nd  m aterials supporting  the 
s tru c tu re  to resist change u n d er the conditions to  
w hich they are sub jected, includ ing  the superim ­
posed load of the s tru c tu re . U niform  settlem ent in 
m oderate am ounts, depending on the type of s tru c ­
tu re , should be prov ided fo r in the  design. In  ta lik  
areas, or when the sup po rting  m aterials are th aw ed  
and rem ain thaw ed , the se ttlem ent problem  is 
sim ilar to  such problem s in  m ore tem perate zones 
w here like m aterials are present un der sim ilar 
packing and g ro u n d -w a te r  conditions. F requen tly , 
a d isturbance of tem p e ra tu re  equ ilib rium  causes
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no serious se ttlem ent. H ow ever, serious differential 
settlem ent m ay occur, depending on the charac ter 
and  n a tu re  of th e  m aterials in place and on their 
confinem ent. For exam ple, assume th a t the u tili- 
dors show n in F igure  2 B2 - 2  have an effective 
d iam eter of 8 f t  and are m aintained a t an average 
inside tem p era tu re  of 40° F th ro ug hou t the year; 
th a t  they  are bu ried  several feet below the ground 
su rface  and  supported  on frozen m aterials whose 
con du c tiv ity  is 1.5 B t u /h r / f t / ° F ,  whose d ry  
density  is 1 0 0  lb /c u  f t ,  and whose w a te r  con ten t 
is 25 percen t; and th a t  the life expectancy of th e  
s tru c tu re s  is 15 years.

For an  approxim ation , these utilidors may be 
considered cy lindrical hea t sources in an infinite 
m edium . T hus, F igure 2A8-15 or equations 
(2A 8-16b) and (2A 8 -1 6c), Problem  4 in par. 3 of 
2A 8.04, m ay be used to  calculate approxim ately 
the rad ius of th aw ed  zones around the utilidors a t 
any tim e. Such a calcu lation  indicates a thaw ed 
zone ex tend ing  approxim ately  6 f t  beyond the 
surface  of the  u tilid o r a t the end of one year and 
1 2  f t  a t  the end of five years. N O TE: In  a problem 
of this type, the  su rface  effects become increasingly 
im p o rtan t as tim e progresses. Thus, values for one 
year and p a r tic u la r ly  fo r five years are only ap­
proxim ate because they  neglect heat loss a t the 
ground  surface .

N ow , assume th a t  a t  a depth of 1 0  f t  below the 
bo ttom  of th e  s tru c tu re  there is a s tra tu m  or lens 
of frozen  m ateria l th a t ,  w hen thaw ed, is unable 
to  sup po rt p roperly  the load coming to  it. In this 
case, i t  is eviden t from  the  foregoing calculations 
th a t  the expected life of the s tru c tu re  may be 
m ateria lly  shortened because of the change in 
therm al regim e of the supporting  m aterials, unless 
provision has been m ade to  a rre s t such settlem ent 
or unless the  s tru c tu re  is designed to accommodate 
the an tic ip a ted  settlem ent.
2BI.04 MISCELLANEOUS CONSIDERATIONS

All con struc tion  in  the Cold Regions m ust fulfill 
certa in  basic requirem ents, w hich are discussed in 
pe rtin en t sections of this publication . In  addition, 
consideration should be given to the following.

( 1 ) In  areas of extrem ely high winds, special 
p recautions are necessary to anchor s tru c tu res  and 
th e ir  com ponent p a rts  and to  provide adequate 
rig id ity . Eaves should no t be used in these areas. 
Coverings on the leew ard  side of sloped roofs are 
p a r tic u la r ly  susceptible to  the destructive  effect of

high w inds. M etal roofs laid from  the leew ard side 
to  w ind w ard  and covered w ith  hot asphalt make 
sa tisfacto ry  roofs in  w indy  areas, as do bu ilt-u p  
roofs of b itum inous-satu rated  fe lt nailed w ith  
large-head roofing nails and battened down w ith  
wood nailing strips.

( 2 ) Insu la tion  un der b u ilt-u p  fe lt roofing 
should be rigid and strong and should not give 
underfoo t, w hich causes breaks in the roofing fe lt. 
D u ring  extrem ely cold w eather, fe lt roofs can be 
easily dam aged if  this precaution  is no t observed. 
Ice caused by m elting and 'refreezing of snow on 
roofs can be very  dam aging to roof coverings. 
Removal of ice and snow, if necessary to  minimize 
the roof load, should be carefu lly  done.

(3 ) Vestibules are recommended fo r all bu ild ­
ings w here freq u en t en trance and exit are neces­
sary  d u rin g  cold or storm y w eather. Double doors 
should be provided on entrances w ith ou t vestibules. 
Storm  w indow s should be used and should be 
ad justab le  to perm it con tro l of ventilation. Ex­
te rio r doors should open inw ard  because o u tw a rd ­
opening doors m ay be blocked by snow or ice or be 
blow n off by high winds.

(4 ) A dequate facilities, located close to  sleeping 
q u a rte rs , m ust be provided fo r drying w et or dam p 
clothing. W hen practicab le, th e  w arm  a ir  used fo r 
d ry ing  should be expelled from  the building by an 
exhaust fan .

(5 ) W henever concrete or m etal sumps or pits 
are constructed  in perm afrost, their inside vertica l 
surfaces should be b a tte red  so th a t, in the event of 
freezing, dam age to  the s tru c tu re  from  the freezing 
process is minimized.

( 6 ) I t  is recommended th a t  as m any windows 
as practicab le  be provided fo r all w ork ing or living 
q u arte rs . A lthough additional heat loss will resu lt, 
this p ractice  w ill help in overcoming the feeling of 
confinem ent and isolation th a t  is freq uen tly  preva­
len t am ong personnel w ork ing in bleak, isolated 
regions.

(7 ) Also, w hen in terio r pain ting  is done, some 
th o u g h t should be given to using colors w ith  suffi­
cient tone to have a beneficial psychological effect.

( 8 ) Positive ven tilation  and adequate c ircu la­
tion  of a ir w ith in  buildings should be provided fo r 
in designs. C arbon monoxide is a constan t th rea t 
d u ring  the w in te r  m onths because of the wide use 
of coal, oil, and w ood-burn ing  heating un its.

2-149



(9 ) Fire prevention  and firefighting measures consequences of serious fires in  such areas are, in 
should be carefu lly  considered in regard  to  all general, m uch m ore severe th an  in  tem pera te  
buildings and installations in the Cold Regions. The climates.

Section 2. DESIGN OF UTILITY DUCTS A N D  TUNNELS

2B2.0I UTILIDOR SYSTEMS

Placem ent of w a te r  d is tribu tion  lines in heated 
conduits, o f u tilidors, has been used in  many 
places. Continuous d istribu tio n  can be m aintained 
relatively  easily by this m ethod, b u t it  is costly to 
install.

1 . TYPES. T w o general types of u tilido rs in 
use are (a) u n derg rou nd  u tilido rs constructed  of 
wood,, m etal, o r concrete, some of w hich are in­
sulated; and (b ) aboveground utilidors con­
s tru c ted  principally  of wood or m etal, practically  
all of w hich have special insulation, such as com­
m ercially prepared asbestos, rock wool, or sim ilar 
insulators, o r saw dust, fiberboard , paper, ta r ,  fe lt, 
peat, or dead-air spaces.

There are several types of com m ercially made 
insulated conduits th a t  m ay be purchased in stand­
a rd  sections or lengths and used as u tilidors for 
transm ission of onè o r more m aterials or services. 
Figure 2 B2 - 1  illu stra tes  one example of com­
m ercially  bu ilt equipm ent th a t  is available; Figure 
2 B2 -2 , fou r possible cross sections fo r u tilidors; 
and Figure 2B2-3, some construction  details fo r a 
concrete u tilidor. (See Section 2 A 8 and par. 
2B1.03.)

In  all u tilido r installations it  is essential th a t  the 
insulating  m aterials be kep t d ry  to  m ain ta in  their 
insulating  value. I t  is advisable to  use and install 
insulating m aterials in  such a m anner th a t  their 
packing, because of any v ib ration  to  w hich they 
m ay be subjected, w ill no t be changed and thereby 
reduce their overall insu lating  properties.

Wood a n d /o r  concrete u tilidors of rec tan g u la r 
cross section and constructed  in place are the most 
common types. T heir sizes range from  those ju st 
large enough to  convey the services carried  
th ro ug h  them  to those alm ost 9  feet high by 7  feet 
wide, inside dimensions. F igures 2 B2 -2 , 2B2-4, and 
2B2-3 illu s tra te  examples of possible constructed- 
in-place utilidors. L ightw eight concrete has been 
employed in constructed-in-p lace types prim arily  
as an  insulating  m edium , as shown in F igure 2 B2 - 6 .

L ittle  a ttem p t has been m ade, in  some instances, 
to  provide the u tilidors w ith  any m ore insulation

th an  th a t  of the wood o r concrete  w alls m aking  the  
enclosures. O ther u tilido rs have been insu la ted  by 
gravel, fiberboard, saw dust, p ea t, and moss.

2 . ADVANTAGES A N D  DISADVANTAGES. 
In  F ebruary  1949, the  N atio n a l Research Council 
(Ref. 60) reported  th e  follow ing advantages con­
cerning u tilidors of the  basic o r tu n n e l type used 
in the A rctic.

( 1 ) Pipes are  accessible so th a t  inspection 
and repair can be m ade easily and  a t  any tim e.

( 2 ) Com m unication betw een bu ildings is 
facilita ted .

(3) Surface areas and traffic a re  no t dis­
tu rb ed  du ring  repairs.

(4) U tilities en te r the  buildings a t a single
point.

(3 ) H eating  system  can be readily  installed 
and operated.

( 6 ) Special d ra inage system  can be justified.
This type of in sta lla tion , how ever, has the dis­

advantages associated w ith  heavy u n it con struc­
tion.

( 1 ) H igh in itia l cost in  labor, tim e, and 
m aterial.

( 2 ) Possibility of fa ilu re  of o n e . u tili ty , 
causing serious dam age to  o ther systems.

(3 ) H azards associated w ith  fa ilu re  of all 
u tilities a t once.

(4) Foundation fa ilu res because of changes 
in  soil b rough t abo u t by  excavation  and placem ent.

( 5 ) Increased depths requ ired  to  give 
proper grade to  dom estic sewer.

( 6 ) R igid ity  and  s tren g th  requ ired  to  w ith ­
stand ea rth  pressures.

3. PRA CTICA L C O N SID ERA TIO N S. The N a ­
tional Research C ouncil also repo rted  th a t  the  fo re ­
going difficulties have led to  m any m odifications in 
basic u tilido r insta lla tion . These changes in design 
have been largely  charac te rized  by reduction  in  
size and w eight, a ltho ugh  the  essential c h a ra c te r­
istics of an insu lated  con du it provided w ith  a r t i ­
ficial heat have u su a lly  been m ain tained. (R ef. 
60.)

W ith  a sm aller u tilid o r the  adv an tage  of ready
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NOTE i JOINTS MAY BE BEVELED FOR 
WELDING OR THREADED FOR COUPLING. PIPE 
IS INSULATED WITH PIPE COVERING OF ANY 
DESIRED MATERIAL AN D TO ANY THICKNESS, 
DEPENDING O N  JOB OPERATING CONDIT IONS  
AN D PROPER PROTECTION REQUIRED.

1. PIPES WELDED 
OR THREADED

2. INSULATION 
APPLIED OVER 
EXPOSED PiPE

3.JÇOUPLER BAND 
SLIPPED OVER UNIT 
ENDS AND DRAWN 
TIGHT WITH WEDGE 
CLIPS; JOINTS 
SEALED WITH 
ASPHALT MASTIC

DETAIL C

FIGURE 2B2-1
Details of Insulated Utilidor ( Ref. 58)

access fo r  inspection and  repairs is necessarily 
sacrificed, and  the hea tin g  problem  is more diffi­
cu lt. This adv an tage  is especially im portan t w hen 
bo th  w a te r  and  sew er services are involved. Rec­
ognizing this difficulty , some designers have com­
pletely  separated  w a te r  and sewer mains from  
o ther u tilitie s  and  others have gone still fu r th e r  
and placed w a te r  and sewer mains in separate 
u tilido rs. Some systems are p u t on piling above­
grou nd . W hen th is is done, w eigh t and foundation

problem s are m ateria lly  simplified, b u t the am ount 
of in su la ting  m aterials and  the q u a n tity  of a r t i ­
ficial hea t and consequent m aintenance are in ­
creased. (R ef. 60.)

H azards exist in u tilidors w hen bo th  w a te r  and 
sewer services are placed in th e  same du c t. Leak­
age of sewage and negative heads in w a te r  mains 
m ay readily  and seriously contam inate a w a te r  
supply. A dequate drainage is necessary in all 
u tilidors.
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STEAM

CONDENSATE

(B) SEMICIRCULAR (D) PARABOLIC

FIGURE 2B2-2
Utilidor Types

R odentproof construction  should be used fo r all 
u tilidors. Im properly  constructed  u tilidors may 
provide rodents w ith  shelter and runw ays.
. Service connections are difficult to  operate unless 

the  u tilido r is extended all the Way to  each prop­
e r ty  served. This difficulty is m ost commonly over­
come by provid ing heat as a u tili ty  along w ith  
sewer and w a te r  services. The heat service line 
from  the hea t m ain is connected to  the premises 
th ro u g h  the same pipe gallery  th a t  is used for 
w a te r  service.

U nderground  u tilidors, w hich extend dow n in 
the  ground  to  a point below the w a te r  tab le or the 
perm afrost tab le , m ust be constructed  w a te rtig h t 
or they  w ill serve as an in filtra tion  gallery  (Fig­
ures 2B2-3 and 2B2-7) and collect g ro u n d -w ate r

flow from  the su rro u n d in g  ground . Even though  
the u tilido r m ay no t ex tend  dow n to a point near 
or in the perm afrost, i t  w ill, unless i t  is tig h t, 
collect g round w a te r  a t any point w here the 
ground w a te r  reaches an  elevation above the floor 
of the du c t. D u rin g  the sum m er, tu n d ra , peat, 
and sim ilar soil p rev a len t in the A rctic  are sa tu ­
ra ted  w ith  g round  w a te r  alm ost to the g round  
surface.

Lost heat from  the u n d erg ro u n d  u tilid o r de­
stroys the perm afrost near it. Unless the soil ch a r­
acteristics w here th e  u t i l id o r . is placed are such 
th a t  its properties are no t a lte red  g rea tly  by this 
change in s ta te , d ifferen tia l se ttling  m ay occur 
w ith  resu ltan t dam aging effects on the u tilid o r and 
the enclosed services. P lacing the  u tilido r on piling
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BARE PAPER
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A N D  EXPANSION JOINT

Œ
NO FLEXELL

W  FLEXELLD
EXPANSION JOINTS FOR TRUNK UTILIDOR

(B) CORNER DETAIL

COPPER FLASHING 
^ ____

(C)

CONDENSATE

(D) SECTION OF UTILIDOR SHOW ING  
H A N G IN G  OF PIPES

(E) SECTION THROUGH UTILIDOR

SUGGESTED EXPANSION JOINT SHOWING  
COPPER FLASHING CRIMPED TO PROVIDE 
FOR EXPANSION AND JOINT WATERTIGHTNESS

(N O T  USED AT CHURCHILL,CAN.)

NOTES: IF WALLS EXTEND MORE THAN 8' TO BEDROCK; THICKNESS 
IS INCREASED TO 12“ AN D  8“. CROSSWALL BUILT IN AT INTERVALS 
FOR CROSS BRACING. GRAVEL FILL IS USED TO BRING FLOOR OF 
UTILIDOR TO GRADE. CONCRETE FIREWALLS, VENTS, AND ACCESS 
HATCHES ARE INSTALLED IN ALL UTILIDORS WHERE REQUIRED.

FIGURE 2B2-3
Construction  Details for Concrete  Utilidors, Churchillf C a na d a  I Ref. 59)

properly  d riven  in to  th e  perm afrost w ill tend to  
reduce these effects. P roper insulation around the 
u tilid o r to  p ro tec t the  perm afrost is necessary 
w here the p erm afrost m ust not be disturbed. For 
small cast-in -p lace concrete utilidors, the top fo r 
the u tilid o r should be constructed  so th a t  it  is 
readily  rem ovable and  also so th a t it  is tig h t 
enough to  re ta in  all hea t possible in the duct. Tops 
for concrete u tilido rs m ay be cast in sections, and 
each section fitted  w ith  pulls so th a t it  may be 
easily lifted . Such an  arrangem ent m ay not be 
necessary o r desirable fo r  utilidors w ith  a w id th

and dep th  sufficient to  perm it adequate w ork ing 
space inside the du c t.

W ater d istribu tio n  a t C hurchill is accomplished 
by pipes, w hich are (a )  p rotected  by moss insula­
tion, as illu s tra ted  in F igure 2 E 1 -6 ; (b ) enclosed 
in 30-inch co rruga ted  cu lv e rt pipe and insulated 
by loose rock  wool; o r (c ) installed in utilidors, as 
illu s tra ted  in F igure 2 B2 - 3 .

Topography of the  perm afrost table, therm al 
regime of the ground , g rou nd -w ate r conditions, 
soil characteristics, and the m inim um  am ount of 
u tilido r required  to  serve a given area m ust be 
ca re fu lly  studied in planning the installation of an
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un derground  u tilid o r. The th erm al regim e of the 
ground w ill determ ine w h eth er perm afrost should 
or should not be th aw ed  p rio r to  insta lla tion  of the 
systems. In  p a rts  of the S ubarctic , if  perm afrost 
is destroyed i t  m ay no t r e tu rn , and  it m ay be best 
to  th aw  it. The re la tive ly  h igh cost of u tilid o r 
construction  necessitates ca re fu l s tu d y  of the area  
to  determ ine the absolute m inim um  length  of u t i l i­
dor necessary to  prov ide service.

H ea t fo r a u tilid o r m ay consist solely of th a t  
heat present in the  service lines contained in  the 
conduit or it  m ay also come from  sources o ther 
th an  service lines. A u tilid o r ca rry in g  steam  lines 
is usually  overheated . W arm  a ir  blow n th ro u g h  
the u tilido r m ay also be used as a m ethod fo r m ain­
tain ing above-freezing tem p era tu res.

4. CONCLUSIONS A N D  RECOM M ENDA­
TIO NS. The F eb ru a ry  1949 N atio n a l Research 
Council repo rt (R ef. 60) lists these conclusions 
concerning u tilidors.

( 1 ) The u tilid o r as i t  has been developed fo r 
use in The A rc tic , w hen o f adequate  size, effec­
tively protects u tilities from  extrem e w ea th e r 
conditions.

( 2 ) P o ten tia l san ita ry  hazards exist w hen 
these u tilidors con ta in  bo th  w a te r  mains and 
sewers.
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FIGURE 2B2-6
Patented M ethod  for Insulating Service Lines With Lightw eight Concrete

( 3 ) These hazards are increased by modifica­
tions of the basic u tilid o r design, tending to  
reduce the size and w eight, w ith  consequent 
crow ding of pipes. (Such conditions have caused 
serious ou tb reak s of disease in the United 
S tates.)

(4 ) Separate in sta lla tion  of sewer and w ater 
mains reduces san ita ry  hazards existing where 
sewer and w a te r  mains are laid close together, 
b u t creates m any problem s of design, especially 
fo r sewer systems.

( 5 ) S atisfacto ry  operation of separate w ate r 
supply systems has been reported  in both Cana­
dian and Siberian com m unities.

(6) G eneral in fo rm ation  on existing sanitary  
sewers in A laska and on the methods of installa­
tion used on existing w a te r  supply systems pro­

vides encouragem ent th a t im proved designs can 
be developed fo r separate san ita ry  sewer systems 
th a t  w ill reduce san ita ry  hazards associated 
w ith  the modified type of u tilido r design.

Recomm endations are as follows.
( 1 ) U tilidors containing both w ate r and 

sewer systems should be designed to minimize 
san ita ry  hazards.

(2) In place of u tilidors sm aller th an  the 
w a lk -th ro u g h  ( tu n n e l)  type, consideration 
should be given to the separate installations of 
w a te r  and sewer systems.
In the design and construction  of u tilidor s tru c ­

tu res  consideration should be given to  fire preven­
tion and protection . (See F igure 2 B2 - 3 .) N O TE: 
See also Sections 2 A 6 and 2 A 8 , and par. 2B1.03.
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FIGURE 2B2-7
Dra inage of Entrapped W ater Into  Im properly Sealed  Utilidor

Section 3. HEATING, VENTILATING, AND A IR  CO N D IT IO N IN G

2B3.0I HEATING CAPACITY

As in o ther areas, heating  p lants in the Polar 
Regions should be able to  produce sufficient heat to 
replace th a t lost th ro u g h  the confining surface of 
the s tru c tu re , and lost to  a ir th a t  is adm itted  by 
in filtration  or to  produce ven tilation . Ample addi­
tional capacity  should be provided to compensate 
fo r unusual conditions of w ind exposure and to 
make possible rapid  heating  of the building and 
contents a f te r  shutdow ns. Also, because of the 
im portance of fire prevention a t advanced bases, 
the capacity  of the heating  p lan t should be suffi­
ciently large so th a t operation a t fu ll capacity is 
never required . In  buildings heated by stoves, tw o 
un its operated a t re latively  low capacity  may be 
safer and more economical th an  one u n it th a t m ust 
be forced du ring  severe w eather.

2B3.02 HEATING PLANT DESIGN CRITERIA

1 . DESIGN FOR O U TD O O R W EA THER 
CO N D ITIO N S. The problem  of selecting the de­
sign for ou tdoor w ea ther conditions for heating

load calculations in a given locality  is to  some 
ex ten t a m a tte r  of ju dg m en t and experience. T he­
oretically , the m ost un fav o rab le  com bination of 
tem peratu re  and w ind velocity fo r  the p a r tic u la r  
area should be chosen, b u t the lowest tem p era tu re  
or even the lowest daily  m ean tem p era tu re  ever 
recorded in a p a r tic u la r  locality  is ra re ly  repeated 
in successive years. Also, the w ind direction and 
velocity a t the tim e of designing fo r outside condi­
tions usually  are qu ite  differen t from  those p re ­
vailing du ring  the w in te r  season. Designers gen­
erally do not feel th a t  consideration of w ind veloc­
ity  is justified except when local w ind conditions 
are p articu la rly  severe. In  such cases, p a r tic u la r  
consideration should be given to  the increased 
influence of w ind velocity on buildings having 
relatively high in filtra tion  losses.

The ASHVE Technical A dvisory Comm ittee on 
W eather Design Conditions recommends the adop­
tion for heating  load calcu lations of an outside 
design tem p era tu re  equaled or exceeded d u ring  
97Vi percent of the  hours in Decem ber, Jan u a ry , 
F ebruary , and M arch. In  the  Cold Regions, N o-
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vem ber tem p era tu res also should be considered. In  
areas w here tem p era tu res are not available, inter* 
polation is suggested, w ith  due consideration given 
to  a ltitu d e  and o ther local conditions. (Ref. 61.)

2 . EFFECTIVE TEM PERATURE. Assuming 
adequate hea ting  capacity , recommended inside 
design tem p era tu res (R ef. 47, Table 1 , p. 1594) 
and  effective^ tem p era tu res can be m aintained if  
a tten tio n  is given to  the following: (a) proper heat 
d is tribu tio n  w ith in  buildings heated by stoves, 
(b )  con tro l of a ir  m ovements during  periods favor­
able to  rap id  in filtra tion , and (c) control of rela­
tive  hum idity .

The m ain tenance of proper relative hum idity in 
th e  Cold Regions is m ost im portan t because air a t 
extrem ely cold tem p era tu res contains only a small 
am ount of w a te r  even a t sa tu ration . I f  sa tu ra ted  
ou tdoor a ir  a t  —60° F is b rough t indoors and 
heated to  65° F w ith o u t the addition of any mois­
tu re , the resu lting  re la tive  hum idity  w ould be less 
th an  1 percen t. I t  w ill be noted (Ref. 47, Figure 
14, p. 1619) th a t  the effective tem peratu re  of the 
room  in th is case w ould be less than  60° F. Such 
a ir  should be hum idified and, if this is done, the 
effective tem p era tu re  w ill be increased.

3 . H E A T  TRANSM ISSION LOSSES. S tandards 
fo r buildings in the Cold Regions differ widely 
from  those used in the T em perate Zone because 
they m ust m eet certa in  basic requirem ents peculiar 
to the region.

S truc tu res in perm afrost areas have in common 
certa in  characteristics, m ostly evident in the de­
sign of the floor, o u te r w all, and roof sections. In  
the calcu lation  of heat losses th ro ug h  these sections, 
the value of heat tra n s fe r  tables th a t  list overall 
coefficients (a ir- to -a ir)  of stan dard  sections w ill be 
lim ited. C alculation of overall coefficients should 
be made from  the hea t conductiv ities and con­
ductances of the ind iv idual building components 
(R ef. 62, Tables 1 and 2 , pp. 13-37 th ro u g h  13- 
4 3 ).

C erta in  common m aterials, not o rd inarily  con­
sidered fo r th e ir  therm al insulating  value, are used 
in the Cold Regions to a considerable ex ten t be­
cause of th e ir  favorable hea t tran sfe r  coefficients, 
ready availab ility , and low cost. Table 2B3-1 m ay 
be used to  supplem ent heat tran sfe r  coefficients 
obtained from  other sources. (See also Table 
2 A 8 - 1 .)

TABLE 2B3-1
Thermal Properties of Construction M aterials and  Soil I Ref. 321

T y p e  o f m ate ria l D e scrip tion D e nsity , Ib / c u  ft C o n d u ctiv ity , k 1 In su la t in g  v a lu e 2

R ed w ood  bark 3.00 to 5;00 0.31 to 0.26 E
G la s s  w ool fibers, 0.0003 to 0.0006 in. in d ia m 1.50 0.27 . E

L oo se -fill type E xp a n d e d  ve rm icuhte  particles, fireproof 6.20 0.32 E
M in e ra l wool, m ach in e -b lo w n 5.74 0.30 E
R o ck  wool, fireproof , 10.00 0.27 E

C o rkb o ard , no a d d ed  b in d e r 5.40 to 14.00 0.25 to 0.34 E

' S la b  in su la t io n
C o rkb o ard ,  a sp h a lt ic  b in d e r  
S u ga rc a n e -f ib e r  in su la t io n  b lock s

14.50 0.32 E

en case d  in a sp h a lt  m em b ran e 13.80 0.30 E
M a d e  from  sh re d d ed  w ood  a n d  cem ent 29.80 0.77 V G

10.4 13.90 " 0.39 E
Peat, n e a r  F a irb a n k s P e rcep t m o istu re 112.0 7.50 0.82 V G

277.0 17.80 3.26 F

2.4 70.00 1.09 G
S ilt  loam , n e a r  F a irb a n k s P ercen t m o istu re 13.8 94.40 7.02 P

93.3 93.30 9.93 P

( 0.6 92.20 1.43 G
S a n d , N o rth w a y  a ir f ie ld , Percen t m o istu re 1 3.9 

113.5
92.10

113.20
4.15
8.70

F
P

21.8 97.90 10.92 P

R ive r g rave l, C h e n a  R iver, 
n ear F a irb a n k s P ercen t m o istu re  0.2 119.50 4.23 F

^ h e s e  c o n sta n ts  a re  e x p re sse d  in B t u / h r / s q  ft/° F . Conductiv it ie s, k, a re  2E, exce llen t; VG , ve ry  goo d  ; G, good  ; F, fa ir ;  P, poor, 
per inch th ic kn e ss.
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2B3.03 INFILTRATION AND VENTILATION

1 . GENERAL. Buildings a t bases in the Cold 
Regions are seldom over one sto ry  in height and 
are b u ilt as a ir tig h t as possible to  reduce to  a mini­
m um  the in filtra tion  of cold air. D u ring  high 
winds the am ount of a ir entering  such a building 
m ay be considerable, b u t a t o ther times i t  m ay be 
insufficient fo r proper ven tilation . A dependable 
and adequate supply of a ir fo r ven tilation  and 
com bustion should, therefore, be provided either 
by adjustab le vents and storm  sashes or in build­
ings by m echanical ventilation.

2 . TOTA L AIR REQUIREM ENTS. Tables of 
a ir requirem ents for ven tilation  (R ef. 47, Table 
18, p. 1620) generally do not take in to considera­
tion the possible presence of heating  appliances 
th a t  require air fo r com bustion. W hen such appli­
ances are present, thé theoretical q u an tity  of addi­
tional air required  for com bustion can be calcu­
lated. For ac tu a l requirem ents, 25 to  50 percent 
should be added. (See Table 2B3-2.)

a. Air Required for Combustion (R ef. 61). 
The w eight of a ir requ ired  fo r perfect com bustion 
of one pound of fuel m ay be determ ined by using 
the u ltim ate  analysis of the fuel as applied to  equa­
tions (2B3-1) and (2B 3-2). The various elements 
are expressed in percentages by w eight.

TABLE 2B3-2
Approxim ate Theoretical A ir  Requirem ents 

I Ref. 611

S o lid  fuel L b  a ir / lb  
fuel

A n th rac ite 9.6
S e m ib itu m in o u s  coal 11.2
B itu m in o u s  coal 10.3 ‘
L ign ite 6.2
C o ke 11.2

Fue l oil L b  a ir / g a l  
fue l

C o m m erc ia l S ta n d a rd  No. 1— Federa l Sp e c if ica t ion  No. 1 102.6
C o m m e rc ia l S ta n d a rd  No. 2— F edera l Sp ec ifica t ion  No. 2 105.5
C o m m e rc ia l S ta n d a rd  No. 5— Federa l Sp ec ifica t ion  No. 5 112.0
C o m m erc ia l S ta n d a rd  No. 6— Federa l Sp e c if ica t ion  No. 6 114.2

G a s e o u s  fue l C u  ft  a i r /  
cu  ft g a s

N a tu ra l g a s 10.0
M ix e d  n a tu ra l a n d  m an u fac tu re d 8.0
M a n u fa c tu re d 5.2
B u ta n e 31.0
P ro p a n e 23.8

Solid and Liquid Fuel 
Pounds air requ ired  per pound fuel

=  34.56 J  +  H - j  +  f (2B3-1)
Gaseous Fuel

Pounds air required  per pound fuel
=  2.47 CO +  34.34 H 2 +  17.27 C H 4 +

16.12 C,H« +  15.70 C 8H s  +
15.49 C4H 10 -f" 13.30 C2H 2 +
14.81 C2H 4 +  6 . 1 0  H 2S -  4.32 0 2 (2B3-2)

When the analysis is given on a vo lum etric  basis, 
the equation is expressed as
Cubic feet air requ ired  per cubic foot gas 

=  2.39 (CO +  H 2) +  9.53 C H 4 +
16.68 C2H<; +  23.82 C*H* +
30.97 C4H 10+  11.91 C 2H 2 +
14.29 C2H 4 -(- 7.15 H 2S -
4.78 0 2 (2B3-3)

Equations (2B3-4) and (2B 3-5) m ay be used as 
approxim ate m ethods of determ in ing the  th eo re t­
ical a ir required fo r any fuel.
Pounds air required  per pound fuel

=  0.755 X (B tu /lb )  -f- 1 , 0 0 0  (2B3-4)
Cubic feet a ir requ ired  per u n it fuel

=  (B tu /u n it)  -rr- 1 0 0  (2B3-5)
b. Recirculation. In  buildings or rooms

w here there are no heating  appliances and danger 
from  carbon m onoxide poisoning is absent, in take 
openings m ay be dam pered, and the need fo r a ir 
movement and good d is trib u tio n  m ay be satisfied 
by p artia l recircu la tion  of inside a ir  by sm all fans. 
D u ring  extrem ely cold w ea th er th is is freq uen tly  
done.

c. Mechanical Ventilation . In  crow ded
rooms, such as large  offices, w orkshops, o r aud i­
torium s, the cubic space per person is less, and it  
m ay be impossible to  adm it sufficient un tem pered 
a ir w ith ou t c rea tin g  d ra f ts . In  such cases, me­
chanical ven tilation  is essential to  remove the  heat 
and m oisture produced by the occupants. (R ef. 47, 
pp. 1620 th ro u g h  1629.)
2B3.04 AIR CONDITIONING

1 . GENERAL. The problem  of prov id ing h u ­
m an com fort w ith in  bu ildings located in the Cold 
Regions is no t a com plicated one. In  w in te r  the 
objective is usually  the sim ultaneous con tro l of 
tem pera tu re , hu m id ity , and a ir  m otion. D u ring  
sum m er m onths,' little  if  any con tro l of these
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fac to rs is considered necessary, except in special 
cases. The con tro l o f du st may be required in 
ce rta in  localities d u rin g  high winds, and in such 
places the  use of d u s t filters on ven tilating  fan  
in takes d u rin g  sum m er m onths m ay be advisable. 
Screens a t  all openings to  control insects are advis­
able.

2. H U M ID IT Y  CO NTRO L. As has been 
pointed o u t, i t  is freq uen tly  desirable during  
w in te r  m onths to  raise the  relative hum idity  inside 
buildings to  conform  to  minim um  com fort stand­
ards. C ontrol of hum idities a t all seasons may also 
be requ ired  fo r various reasons, p a rticu la rly  in 
connection w ith  hospitals, storage rooms for cer­
ta in  commodities, and  o ther buildings in which a 
constan t re la tive  hu m id ity  is desirable.

The raising  of re la tive  hum idities w ith in  build­
ings d u rin g  the  heating  season w ill require a ce r­
ta in  am ount of hea t to  evaporate the am ount of 
w a te r  vapor th a t  m ust be added to  the a ir w ith in  
the  bu ild ing. The am ount of heat required  can be 
calcu la ted  from  the follow ing equation (Ref. 61 ). 
I t  is assum ed th a t  the la ten t heat of vapor a t Wi is 
1,060 B tu /lb .

=  79 .5Q (W iW 0)
H\ =  hea t requ ired  to  increase m oisture content 

of a ir  leaking in to  building from  W0 to Wi9 
B tu /h r

Q  =  volum e of outside a ir entering  building, 
cu  f t / h r

Wi =  vap or density  of inside a ir, lb /lb  d ry  air 
W0 = vapor density  of outside air, lb /lb  d ry  a ir

(See Ref. 10, Tables 15 and 16, pp. 949, 950, and 
951, fo r  vap or density  values— g ra in s /lb  d ry  a ir—  
fo r tem p era tu res betw een —45° and —95° F.)

Tabulated below are density values from —45°
to  - 9 5 °  F.

t y °F 
- 4 5  
- 5 0  
- 5 5  
- 6 0  
- 6 5  
- 7 0  
- 7 5  
- 8 0  
- 8 5  
- 9 0  
- 9 5

2B3.05 VAPOR CONDENSATION

1. GENERAL. Buildings in the Cold Regions 
are p a rticu la rly  susceptible to  vapor condensation 
and the form ation of fro s t and ice on the inner 
surfaces of o u te r w alls and  roof sections. Low o u t­
side tem peratu res, ligh tw eigh t construction  m ate­
rials, and uneven inside tem peratu res con tribu te  to 
conditions favorab le to  condensation and accum u­
lations of fro s t on inner surfaces, as do th ro ug h  
s tru c tu ra l members, w hich provide an unbroken 
line fo r fro s t penetra tion  from  outside to inside.

2. IN SID E SURFACE TEM PERATURE. D u r­
ing extrem ely cold w ea th er the overall heat resist­
ance of a w all m ay be insufficient to  perm it the 
m aintenance of a desired relative hum idity  w ith in  
the building w ith o u t the  form ation of m oisture on 
the inner surfaces. To avoid low ering the rela tive  
hum idity  of the room, m ore insulation w ill be re ­
qu ired  in  the w all section to  raise the surface 
tem p era tu re  above the dew point. In  designing 
w all and roof sections, consideration should be 
given to  the inside su rface  tem p era tu re  in relation  
to  the dew point corresponding to  the inside tem ­
p era tu re  and re la tive  hum idity . In  all rooms 
w here high re la tive  hum idities are m aintained, 
double-glazed sash or storm  w indow s are advisable.

3. H E A T  D IST R IB U T IO N . The use of o rd i­
n a ry  electric fans to  evenly d istribu te  heat p ro ­
duced by rad ian t heaters has been widely adopted 
and has proved qu ite  effective. P roper d istribu tion  
can best be accomplished, how ever, and more Uni­
form  room and su rface  tem peratu res w ill resu lt if  
a ir  c ircu la tion  un its  designed to m eet the specific 
requirem ents of each bu ild ing are installed.

4. M ETHODS OF VAPOR CO NTRO L. The 
m ethods used in the Cold Regions to  p reven t or 
re ta rd  w a te r  vapor penetra tion  th ro u g h  bu ild ing 
sections are no different from  those elsewhere. 
V ap or-re tard ing  m em branes and bu ild ing m aterials 
of low  m oisture perm eability  are  w idely used. 
(See Table 2B3-3.)
2B3.06 HEATING METHODS

1. PRA CTICA L CO NSID ERATION S. The type 
of heating  system best su ited  for p a r tic u la r  p u r ­
poses depends on th e  size, function , and perm a­
nency of th e  bu ildings to  be heated, th e  fuel avail­
able, and o ther circum stances. A ca re fu l review  
of all the fac ts  is necessary to  select the  system th a t  
w ill m ost sa tisfac to rily  m eet the requirem ents in

Grains/lb dry air9 
saturated 

0.40
0.29
0.22
0.15 
0.10  
0.07 
0.05 
0.03 
0.02 
0.01 
0.01
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TABLE 2B3-3
Permeability of Various Materials to Water 

Vapor I Ref. 611

G roup M a te r ia l
P erm eab ility ,  

g r / s q  f t /  
h r/ in .  H g

P la ste r  b a se  a n d  p laster, %  in. 14.7
F ir  sh e a th in g , 3A in. 2.9
W ate rp roo f p a p e r2 49.1

l l P in e - la p  s id in g 4.9
P a in t  film 3.4

S u g a rc a n e  fib e rb oard , 3A in. 12.5
B r ic k  m aso n ry , 4  in. 1.1

F o il-su rfa ced  reflective  in su lation , d o u b le -
faced 0.08 to 0.13

Ro ll roofing, sm o o th , 40- to  6 5 -lb  roll, 108
sq  ft 0.13 to 0.17

D u p le x  o r  la m in a te d  papers, 30-30 -30 1.37 to 2.58
D u p le x  or la m in a te d  p ape rs, 30-60 -30 0.52 to 0.86
D u p lex  p ap e r coated  w ith  m e ta llic  o x id e s 0.52 to 1.29

In su la t io n  b a c k u p  paper, treated 0.86 to 3.42
P laster, w o od  lath 11.00

23 P laster, 3 c o a ts  o f  lead  a n d  oil 3.68 to 3.84
P laste r, fib e rb o a rd  o r  g y p su m  lath 19.73 to 20.57
P laster, 2  c o a ts  o f  a lu m in u m  pa in t 1.15

P lyw ood, Vi in., 5 -p ly  D o u g la s  fir 2.67 to  2.74
P lyw ood, 2 c o a ts  o f  a sp h a lt  p a in t 0.43
P lyw ood, 2 coa ts  o f  a lu m in u m  pa in t 1.29
G y p su m  lath w ith  m e ta llic  a lu m in u m  b a c k in g 0.09 to 0.39
In su la t in g  lath  a n d  sh e ath in g , board  type 25.68 to 34.27

In su la t in g  sh e a th in g , su rfa ce -co a te d 3.03 to 4.36
In su la t in g  co rk  b lock s, 1 in. 6.19
M in e ra l w ool, unprotected , 4 in. 29.07
S h e a th in g  paper, a sp h a lt - im p re gn a te d ,

g lo ssy 0.17 to 2.05

^ ‘C a lc u la tin g  V a p o r  a n d  H eat T ra n s fe r  T h ro u g h  W a l l s / ’ J. G. M ille r ,  H e a tin g  
a n d  V e n tila t in g , Vol. 35, N o s. 11 a n d  56, N o v e m b e r  1938. 

l i g h t w e ig h t  s la te r’s  fe lt  to k eep  ra in  from  d r ip p in g  th rough . N o t u se d  a s  
va p o r  barrier.

8<<H ow  T o  O ve rcom e C o n d e n sa t io n  in B u ild in g  W a lls  a n d  A t t ic s , "  L. V . 
Te esd a le , H eatin g  an d  V e n tila t in g , Vo l. 36, No. 4, A p r il 1939.

each case and be consistent w ith  the objectives of 
the mission.

Buildings can be heated e ither by separate un its 
installed in each s tru c tu re  or from  a cen tra l h ea t­
ing p lan t. T em porary  and sem iperm anent facili­
ties, especially those located in isolated sections of 
the Cold Regions, should have separate heating  
un its. For perm anent installations in w hich groups 
of buildings are involved, cen tra l heating  m ay be 
feasible, b u t the possibility of loss or dam age to  the 
facilities by fire or from  a tta c k  should be con­
sidered, as well as the tim e requ ired  for con struc­
tion. Provisions m ust be m ade fo r tem porary  heat 
du ring  the construction  period. R ad ian t space 
heaters m ay be sa tisfac to ry  fo r this purpose, b u t if 
the installation  is a large one, packaged-type steam  
boilers, w hich can be placed in service qu ick ly ,

should be considered. Such un its  can o ften  be 
incorporated la te r in to  the  perm anen t lay ou t or 
used as a standby.
2B3.07 INDIVIDUAL SPACE HEATING

1. TRA IL EQU IPM EN T. W ood-burning sheet- 
iron stoves, m akesh ift heaters con struc ted  from  oil 
drum s, and stan dard  US A rm y te n t stoves, w hich 
can b u rn  either oil o r wood, are adequate  fo r h e a t­
ing small ten ts and  tra il  shelters and have the 
advantage of being easily tran sp o rted . Diesel- 
operated ten t stoves and gasoline-burning Y ukon 
stoves have given sa tisfac to ry  service in pyram idal 
ten ts as large as 16 feet x  16 feet d u rin g  very  cold 
w eather.

2. RA D IA N T SPACE H E A T ER  A PPLIC A ­
TIONS. T em porary and sem iperm anent s tru c tu re s  
of nom inal dimensions, such as log cabins, Q uonset 
hu ts, Jam esway h u ts , or th e ir  equ ivalen t, can be 
m aintained a t com fortable tem p era tu re  levels by 
one or more rad ian t heaters operated  by w h atev er 
fuel is available. Such un its, operated  by fuel oil 
supplied by g rav ity  from  5 5-gallon drum s m ounted 
on racks outside th e  bu ild ing, are  w idely used in 
the Cold Regions. I f  properly  operated  and m ain­
tained, they give efficient and dependable service 
and are com paratively safe.

H eaters should be placed no closer th an  3 6 inches 
from  the w all and located to  provide m axim um  
com fort for all personnel. I f  closer spacing is neces­
sary, the w all should be p ro tec ted  by a sheet-m etal 
screen on a rigid m etal fram e th a t  m aintains an 
airspace of not less th an  1 inch betw een the w all 
and the m etal, or th e  w all should be covered w ith  
asbestos. Roof jacks should be provided a t  all 
places w here stovepipes pass th ro u g h  the roof, and 
asbestos should be placed on all surfaces w ith in  
18 inches of the stovepipe.

O il-operated heaters should no t be placed over 
boxes of sand, because oil leak ing from  feed lines 
or the bu rn er u n it soaks in to  the sand and is no t 
easily detected. M ountings over asbestos, concrete, 
or m etal are sa tisfac to ry . A g ra v ity  fuel line from  
the storage tan k  o r d ru m  to  the  h ea ter should be 
provided w ith  a v e rtica l condensate tra p . The 
tra p  may consist of a 2-in. T  and an 18-in. long 
2-in. pipe w ith  draw off valve a t  the bottom  m ade 
up w ith  a close nipple a t the d ru m  to  p reven t any 
m oisture from  se ttling  and freezing  in the fuel line 
under the building (F igu re  2B 3-1).

The advantage of using fans to evenly distribute
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hea t p roduced by rad ian t heaters has been dis­
cussed elsew here in  this section.

Flue ou tle ts  of oil- and solid-fuel-burning 
heaters should be equipped w ith  barom etric 
dam pers to  p rev en t excessive flue d ra fts , w hich 
could im pair com bustion or blow the products of 
com bustion in to  the  space surrounding  the appli­
ance.

Small u t ili ty  buildings containing pum ping un its, 
ligh t p lan ts, o r o ther service equipm ent can be 
adequate ly  heated  by oil-operated rad ian t heaters. 
H ea tin g  u n its  in  such buildings, w hich are usually  
occupied only periodically , should have a capacity  
sufficient to  p roduce adequate building tem pera­
tu re s  w hen the  u n it is set a t a relatively  low 
opera ting  position.

3. FLOO R FURNACES. O il-burn ing  floor f u r ­
naces have ce rta in  advantages over rad ian t heaters, 
am ong w hich  are  the  following.

(1 ) T hey tak e  up  no floor space.
(2 ) T heir flues are entirely  outside the 

bu ilding.
(3 ) T hey m ake possible more uniform  room 

tem p era tu res because they expose relatively large 
volumes of a ir  to  m oderate tem peratu res, whereas 
ra d ia n t hea ters expose re latively  low volumes to  
very  h igh tem p era tu res.

The disadvantages of floor furnaces are as fol­
lows.

( 1 ) They require  electric ity  for ignition and 
au tom atic  tem p era tu re  control, w hich limits the ir 
use to  buildings hav ing electric service.

(2) The heat radiated from the flues is not 
utilized.

( 3 ) The section of flue underneath the build­
ing must be well insulated to prevent thawing of 
the permafrost.

4. FORCED H O T -A IR  SPACE HEATERS. Oil- 
operated , forced ho t-a ir , d irect-fired  space heaters 
have been successfully used for heating  large 
buildings a t  advanced bases and have m any ad ­
vantages.

(1) They are shipped completely assembled 
with all but mechanical equipment and controls in 
place.

(2) T heir shipping w eights are m oderate; 
fo r exam ple, a 400,000-B tu  heater equipped w ith  
5,000-cfm  blow ers weighs less th an  a ton.

(3) T hey can be purchased w ith  stainless- 
steel com bustion cham bers th a t require no re fra c ­
to ry .

(4 ) They use fuel w ith  a high degree of effi­
ciency and requ ire  little  or no a ttendance and 
m aintenance.
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(5 ) They cost less to  install th an  steam  or 
ho t-w ate r systems.

(6 ) They require  no special foundation  and 
can easily be moved from  place to  place.

( 7 ) They can be conveniently connected to 
a du c t d istribu tion  system or can operate as indi­
v idual floor sets.

A lthough forced-a ir heaters of this type are p a r­
ticu la rly  adaptab le to  hangars, shops, garages, and 
so on, they m ay be used w ith  equal success for 
heating  any type of bu ild ing if  a tten tion  is given to 
the prevention of d ra f ts  and the problem  of noise.

5. IN D IV ID U A L STEAM, H O T-W A TER,
A N D  W ARM -AIR SYSTEMS. C onventional low- 
pressure heating  systems fo r steam  and ho t-w ater 
and g rav ity  or fo rced-c ircu la tion  w arm -a ir f u r ­
naces are w idely used in the Cold Regions. Their 
use is generally confined to  p riv a te  residences and 
commercial, in du stria l, and service establishm ents 
in w hich cen tra l and d is tr ic t heating  is not avail­
able. W arm -air systems are most freq uen tly  used 
in the sm aller dw ellings because of the difficulty, in 
perm afrost areas, of obtain ing a dependable source 
of m akeup w ate r. L arger establishm ents generally, 
use ho t-w ate r and low -pressure steam  systems of 
the same types used in the Tem perate Zone. Inas­
m uch as w a te r  d istribu tion  systems do no t exist in 
m any sections of the Cold Regions, drilled wells 
usually  supply m akeup w a te r  for the boilers. This 
w ate r is generally highly m ineralized. The fuel 
used depends on w h a t is available. Coal and oil, 
au tom atically  fired, are the most common, bu t 
wood is frequen tly  used in forested areas.

a. Radiant and Panel Heating . R adiant 
heating (Ref. 47, pp. 1613 th ro ug h  1617) is a 
p ractical solution to  m any heating  problems in the 
Cold Regions, and its use is increasing. The system 
can be used successfully in conjunction w ith  hot- 
w a te r  or w arm -a ir sources to  heat perm anent nose 
hangars, shops, and o ther such stru c tu res. R adiant 
heating systems using steam  are not recommended. 
R ad ian t surfaces m ay be the ceiling, w alls, or 
floors. Copper or ferrous coils are usually  embedded 
in a gravel or stone fill overlaid  w ith  concrete, or 
are in con tact w ith  a p laster w all or ceiling. H ot 
a ir can be c ircu la ted  th ro u g h  ducts form ed of 
hollow tile cast in to concrete floor slabs or th rough  
airspaces provided in paneled ceilings or walls. 
H eating  w ith  electric grids placed behind walls 
and ceilings or w ith  heating  cable properly in ­
stalled in w alls, ceilings, or floor panels should be

considered for small u tili ty  bu ildings, nose hangars, 
or other s tru c tu res  of m oderate dimensions.

Snow and ice can be m elted from  im p o rtan t 
operating areas, drivew ays, and sidew alks by em­
bedding coils in the fill u n d er the concrete. In  ou t- 
of-door slab heating, ho t w a te r  should contain  an 
antifreeze solution. E lectric  heating  cable em­
bedded in a sim ilar m anner can be used fo r m elting 
snow from  operating  areas or fo r space heating . In  
certain  applications it  m ay be m ore p rac tica l th an  
any other m ethod.
2B3.08 CENTRAL HEATING PLANTS

Reference should be m ade to  par. 2B4.02.
2B3.09 STEAM DISTRIBUTION SYSTEMS

1. GENERAL. C en tra l or d is tr ic t heating  sys­
tems are feasible in the Cold Regions and should be 
considered a t perm anent installations w henever the 
heating problem involves a large g roup  of bu ild ­
ings, the un its of w hich are no t u n d u ly  dispersed. 
Aside from  special provisions necessitated by the 
disciplines of perm afrost areas, the m echanical 
features of steam d istribu tio n  systems are identical 
w ith  those constructed  in the T em perate Zone. 
H igh-pressure steam  d istribu tio n  is generally p re­
ferred  to h o t-w ate r d is tribu tio n  because the form er 
allows sm aller mains to  be used and  m akes steam  
available a t various pressures fo r cooking or process 
w ork. I f  h o t-w ate r hea ting  is p a r tic u la r ly  desired 
a t any building, it can be m ade available by using 
steam for heating w a te r, w hich is then  c ircu la ted  
th rough  the heating  system  by a pum p or by g ra v ­
ity.

2. DESIGN FACTORS. M any facto rs m ust be 
know n before the m ost econom ical pipe sizes fo r a 
steam main can be determ ined. I t  is common p rac ­
tice to transm it steam  th ro u g h  m ains a t com para­
tively high pressures and velocities and to  allow 
pressure drops sufficient to  reduce pipe sizes to a 
minimum. Before designing the system, m axim um  
steam demands and pressure requirem ents fo r each 
building and for each section of the  line m ust be 
know n on the basis of in itia l pressure available a t 
the cen tra l station and the  to ta l leng th  of the line. 
The pressure drop per u n it of leng th  along the line 
should be definitely decided upon only a f te r  a care­
fu l analysis has been m ade of all fac to rs involved 
in the installation. Once these fac to rs  are know n, 
flow form ulas can be used to  determ ine line sizes.

Vacuum  re tu rn -lin e  systems are commonly used

2-162



to  w ith d ra w  condensate from  the various area 
loops. The p a r ticu la r ly  desirable features of such 
systems in perm afrost areas are th a t  leaks in th e ir 
re tu rn  lines can be detected  by vacuum  gage read ­
ings and repairs can be made before thaw ing and 
serious subsidence of the  perm afrost have taken  
place.

I t  is desirable and often  practicable to place the 
loop vacuum  pum p and receiver tan k  in the m an­
hole contain ing the reducing valve serving the 
p a r tic u la r  area. The vacuum  pum p, which should 
be controlled by bo th  vacuum  regu la to r and float, 
creates a p a rtia l vacu um  in the receiver and draw s 
w a te r  and a ir from  it, separating them  and dis­
charging the a ir to  the atmosphere and the w a te r  
to the ho t p it. Separate pumps are frequently  used 
to pum p condensate from  manhole hot pits to the 
feedw ater tan k  a t the cen tra l p lant.

Condensate and vacuum  pumps should be the 
duplex type, au tom atica lly  controlled to in te r­
change load and to  supplem ent one another in case 
of m echanical fa ilu re . Experience in the Cold Re­
gions has indicated  the advisability of runn ing 
separate powerlines from  the pum ping equipm ent 
to the pow erp lan t so th a t pumps can be kept in 
operation by em ergency equipm ent in the event of 
a pow er outage. In  extrem ely cold w eather such 
outages m ay be disastrous.

Safety valves, w hich pro tect low-pressure loops 
from  high steam  pressures carried  in the mains, 
usually  discharge outside of manholes and, in case 
of leaking valves, are sub ject to icing a t the outlets. 
Icing can be preven ted  by installing a steam trace r 
line aroun d  the ou tle ts  or by other methods.

Manholes should be constructed  a t intervals, as 
required , along the rou te  of the line. Concrete 
s tru c tu re s  are p referab le  for perm anent installa­
tions. T heir sides should be ba tte red  to resist frost 
heaving, and they should be large enough to con­
tain  au x ilia ry  equipm ent, such as pumps, control 
valves, and trap s, and to provide w orking space 
for m aintenance of equipm ent and lines th a t m ay 
pass th ro u g h  them . These usually  include w a te r  
and sew er lines as w ell as steam mains and re tu rn  
lines. Line anchors are usually provided a t the 
manholes and are freq u en tly  incorporated in the 
walls of the s tru c tu re s , w hich should be designed 
to tak e  the load imposed.

Expansion joints and anchors m ust, of course, be 
provided a t specified in tervals along the line. 
P roperly  designed loops, from  a m echanical s tan d ­

point, are excellent to  tak e  up expansion. H ow ­
ever, w hen lines m ust be heavily insulated and 
w aterp roofed  or w hen they are carried  in u n d er­
ground pipe galleries or u tilidors, the accordion 
type of expansion jo in t is usually  preferred .

Steam mains and re tu rn  lines th a t  are buried 
in the g round  m ust be insulated to  preserve heat 
and m ust be w a te rtig h t. Also, they m ust be pro­
tected  from  dam age by traffic or o ther loads th a t 
may be imposed. Several paten ted  systems designed 
to accomplish this are available. In one such 
system, piping is laid on a supporting  slab of con­
crete runn in g  the fu ll length  of the line. The pipe 
is com pletely connected, form s are bu ilt, and a 
m aterial of high in su la ting  value is poured around 
the pipes. A fte r  the form s are removed, a w a te r­
proof m em brane is applied to the outside of the 
insulation. Special insulated  and w a te rtig h t s tru c ­
tu res are provided fo r expansion joints, loops, and 
other appurtenances. In  another system the tw o 
lines are made up either as tw o individual un its or 
as a single insulated u n it surrounded by a co rru ­
gated m etal jacket w rapped w ith  asph alt-sa tu ra ted  
asbestos fe lt to m ake it w a te rtig h t and to com bat 
corrosion. Sections are completely bu ilt up  and 
prefabrica ted  a t the fac to ry . Pipe and jacket sec­
tions, as received, are welded into the line, and 
closures between sections are insulated and w a te r­
proofed. E ither expansion joints or loops m ay be 
used w ith  this system. They are insulated and 
w aterp roofed  in the same m anner as piping. A n­
choring of such lines is accomplished by enclosing 
special anchor sections in blocks of concrete.

M etal-jacketed lines are s tru c tu ra lly  strong and 
can be installed in shallow trenches w ith  only a 
few  feet of covering.

Both of these systems, if properly designed and 
installed, are sa tisfacto ry  if there is no perm afrost, 
provided w aterproofing is adequate to prevent the 
en trance of m oisture. Both have also givén good 
service in sections of the Subarctic in ground th a t 
is not perm anently  frozen. W here perm afrost does 
exist, lines should be placed overhead or in utilidors 
constructed  un derg rou nd , so designed and installed 
th a t the perm afrost is no t dam aged s tru c tu ra lly . 
(See Sections 2A8 and 2B2 and par. 2B1.03.)
2B3.IO FUEL CONSUMPTION

1. ESTIM A TIO N OF REQUIREM ENTS. Be­
cause logistic lim itations are usually  such th a t 
Polar operations m ust be self-sustaining fo r long
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periods, it is im p o rtan t th a t  the  am ount of fuel 
th a t the operation w ill requ ire  fo r  a given period 
be estim ated as accu ra te ly  as possible.

T here are several m ethods in common use by 
w hich fuel consum ption can be estim ated. N early  
all such m ethods w ill give tru s tw o rth y  resu lts over 
a fu ll yearly  heating  period. Few estim ates will 
give consistent resu lts w ith in  themselves for 
m onthly periods because, as the estim ating period is 
shortened, there  is m ore chance fo r discrepancy 
caused by some fac to r no t allow ed for in the esti­
m ating m ethod.

a. Degree-Days. A m ethod of estim ating 
probable fuel consum ption th a t  has wide usage is 
based on degree-days (R ef. 10, p. 94 5 ), values for 
w hich are com puted from  m ean tem p era tu re  nor­
mals on record a t m ost w ea ther stations. M onthly 
averages and average yearly  to ta ls  of degree-days, 
taken  from  US W eather B ureau records m ain­
tained a t various locations in the Cold Regions, are 
given in C hapter 1. M onthly averages w ere ob­
tained by adding daily degree-days for each m onth 
each year, dividing by the num ber of days in­
volved, and then to ta ling  the respective calendar 
m onthly averages fo r the num ber of years indi­
cated and dividing by the num ber of years. The 
to ta l or long-term  yearly  average degree-days is 
the sum m ation of the tw elve m onthly  averages.

b. Seasonal Efficiency. In  calcu la ting  the 
probable fuel consum ption of buildings, a seasonal 
efficiency value m ust be assumed unless factors 
based on ac tu a l seasonal efficiency are available for 
conditions sim ilar to those contem plated.

The in pu t of heat to  a bu ilding consists no t only 
of the energy in the fuel b u t also of th a t  from  
occupants, the sun, appliances, processes, and all 
o ther sources. In  m any cases these m ake up , over a 
period, an im p ortan t percentage of the to ta l heat 
required , and if they are not tak en  in to  account, a 
calcu lation of efficiency can show a figure over 
100 percent. (R ef. 10.)

For this and o ther reasons the ac tu a l seasonal 
efficiency is difficult to determ ine. Published da ta  
are w idely scattered  and insufficient. From the 
available published m ateria l, i t  is found th a t  the 
seasonal efficiency varies over a wide range, de­
pending on the fuel used, and it  varies w idely even 
for a given fuel. For exam ple, in a recent survey 
of 30 houses in one locality, a va ria tion  of 45 to  75 
percent was found in the u tiliza tion  efficiency, de­
pending on the fuel. (R ef. 10.)

TABLE 2B3-4
Cooling-Water Heat Available for Recovery 

I Ref. 631

M a x im u m  w ater  
tem perature, ° F

N u m b e r  o f  
c y lin d e rs H o rse p o w e r H ea t in coo lin g  

w ater, B tu / h r
C ircu la t ion ,

g p m

D ie se l e n g in e s

190 1 5 15,600 2.5
190 2 10 31,200 5.0
180 1 10 33,500 5.0
180 2 20 67,000 10.0
180 3 30 100,500 15.0
180 4 40 134,000 20.0
180 6 60 201,000 30.0
180 8 80 268,000 40.0
160 4 60 235,000 30.0
160 6 90 353,000 45.0
160 8 120 470,000 60.0
160 6 225 630,000 112.5
160 8 300 840,000 150.0
160 1 60 106,000 30.0
160 2 120 212,000 60.0
160 3 180 318,000 90.0
160 1 75 128,000 37.5
160 2 150 256,000 75.0
160 3 225 384,000 112.5
160 4 300 512,000 150.0
160 5 375 640,000 187.5
160 6 450 768,000 225.0
160 3 35 98,400 17.5
160 2 60 128,700 30.0
160 3 90 193,000 45.0
160 1 55 157,900 27.5
160 2 110 315,600 55.0
160 1 75 145,000 37.5
160 2 150 290,000 75.0
160 3 90 193,000 45.0
160 4 120 256,700 60.0 .
160 5 150 322,000 75.0
160 - 6 180 385,000 90.0
160 4 160 312,500 80.0
160 5 200 390,000 100.0
160 6 240 469,000 120.0
160 8 ■ 320 625,000 160.0
160 5 375 691,000 187.5
160 6 450 830,000 225.0
160 5 250 451,000 125.0
160 6 300 541,000 150.0
160 5 500 741,000 250.0
160 6 600 888,000 300.0
160 7 700 1,036,000 350.0
160 5 575 782,000 287.0
160 6 690 938,000 345.0
160 7 805 1,092,000 402.0
160 4 700 1,008,000 350.0
160 5 875 ' 1,259,000 437.0
160 6 1,050 1,510,000 525.0
160 7 1,225 1,760,000 612.0
160 8 1,400 2,016,000 700.0
160 10 1,750 2,518,000 875.0

G a s  e n g in e s

160 3 50 129,400 33.0
160 4 80 377,000 53.0
160 6 120 565,000 80.0 -
160 8 160 752,000 107.0
160 6 225 945,000 150.0
160 8 300 1,260,000 200.0
160 1 60 304,000 40.0
160 2 120 608,000 80.0
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FIGURE 2B3-2
Coo ling-Water Circulation System— Diesel Engine Unit Heaters l Ret 631

2. IN P U T  H E A T  CONSIDERATIONS. In  the 
Cold Regions, in p u t hea t from  all sources is usually  
neglected, except in  th e  case of machine shops, 
pow erp lan ts, laund ries, and so on, where large 
qu an tities  o f h ea t m ay be released inside the bu ild ­
ing. This is tru e , prov ided in p u t heat is alw ays 
available d u rin g  periods of hum an occupancy. (See 
Ref. 47, T able 5, p. 1643.) In  the case of buildings 
such as th ea te rs  and  assembly halls, the heating 
system should have sufficient capacity  to  bring the 
bu ild ing up  to  th e  requ ired  room tem peratu re  be­
fore th e  audience arrives. D u ring  occupancy, the 
system should be properly  adjusted  to  assure a 
com fortable tem p era tu re .
2B3.II HEAT FROM INTERNAL 

COMBUSTION ENGINES
1. H E A T  RECOVERY. In te rn a l combustion 

engines are  used extensively in the Cold Regions as

prim e m overs fo r electric generators and for m any 
o ther purposes. Inasm uch as a large proportion  of 
th e ir  fuel in p u t is o rd inarily  w asted as heat losses 
in the cooling w a te r, exhaust gases, and rad ian t 
heat, m an u fac tu re rs  of such engines and related  
equipm ent have m ade accessory equipm ent of v a r i­
ous types available. The function  of the accessory 
equipm ent is to  recover the w aste engine heat fo r 
use in heating  systems and  fo r other purposes. U n it 
heaters or rad ia to rs  are available th a t  are designed 
to  tra n s fe r  hea t from^diesel engines to  the a ir inside 
of buildings and to  produce the correc t engine and 
room tem pera tu res u n d er all conditions of opera­
tion. O n diesel pow er-generating  applications or 
com parable service in w hich engines are runn in g  
fo r long periods of tim e, a recovery system using 
only ja ck e t-w a te r  heat can often  constitu te  the 
basic heat supply of a bu ild ing in or near w hich 
the diesel u n it is located. Such a system is com-
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paratively  simple and m ay be controlled either w a te r  and exhaust hea t supply, an  oil b u rn e r  m ay 
m anually  or autom atically . I f  m ore heat th an  th a t be installed as a com ponent p a r t  of th e  system 
supplied by the  jack et w a te r  is requ ired , an ex- (F igure 2B3-2). Q uan tities of hea t m ade available 
hau st boiler can be installed in  the engine c ircu lâ t-  by a diesel engine recovery system  are considerable. 

, ing system. For needs beyond the engine jacket- (See Table 2B3-4.) (R ef. 63.)

Section 4. POWER GENERATION AND DISTRIBUTION, AN D  LIGHTING

2B4.0I INTERNAL COMBUSTION POWERPLANTS
1. APPLICATIONS. Diesel engines, because of 

th e ir  high therm al efficiency, ruggedness, and great 
reliability , are w idely used by the A rm ed Forces as 
prim e movers of electric generators. Engine gen­
erato rs are portab le  and flexible and can be placed 
in operation soon a f te r  delivery. They are simple 
to  operate and m ain tain . T hey use less w a te r  than 
steam  plants and are not dam aged, as are boiler 
tubes and other steam -plan t com ponents, by w ate r 
having a high m ineral con ten t. A t large perm anent 
installations w here d is tric t heating  systems are in­
stalled, dual-service steam  plants equipped w ith  
ex traction -type steam  tu rb ines are practicab le , bu t 
these installations are no t common in the Cold Re­
gions. Buildings in fo rw ard  areas can be ade­
quately  heated by ind iv idual o il-burning systems, 
and steam for lau nd ry , k itchen , and o ther services 
can be supplied by small local steam  generators.

The low vapor pressure of diesel fuel, with at­
tendant reduced fire hazard in comparison with 
gasoline, is an especially important advantage when 
fuel must be transported by ship.

2. PRACTICAL CO NSID ERATION S.
a. Powerplant S tructure . Buildings hous­

ing engine-generator sets should be b u ilt in accord­
ance w ith  thé principles set fo rth  in Sections 2A6 
and 2B1. If  the foundations for the building and 
equipm ent are construc ted  in or on perm afrost, it 
is im portan t th a t  the relationships discussed in 
Section 2A8 be recognized. Rooms housing in ternal 
combustion engines m ust be w ell ven tilated .

b. Location of Equipment. I t  is common 
practice to place engine-generator un its  on parallel 
lilies, leaving ample clearing fo r dism antling the 
engine, generator, and exciter. W hen so arranged , 
p lants having tw o or more un its can be almost 
square.

Switchboards and other control equipment vul­
nerable to moisture should be located well away 
from surfaces that may collect condensation dur­
ing cold weather.

c. Dispersal of Facilities. (See par. 5 of 
2B4.02.)

d. Engine Foundations. The engine m an u ­
fa c tu re r  should be consulted fo r recom m endations 
regard ing  design of foundations fo r diesel equ ip­
m ent. The mass of such foundations m ust be suffi­
cient to absorb v ib ra tion . M odern equipm ent, how ­
ever, has m any fea tu res th a t  co n trib u te  to  ligh t 
w eight, good balance, and a reduction  in size of 
foundations from  those requ ired  by older equ ip­
m ent. Special p recautions are necessary in con­
s tru c tin g  foundations fo r heavy engines in perm a­
frost. (See Sections 2A3 and 2A6 and C h ap ter 3, 
P a r t C.)

e. Cooling Systems. V arious types of con­
ventional cooling systems fo r diesel engines, details 
of w hich are discussed in m echanical and electrical 
engineering handbooks, are applicable to  cold- 
w eather installations. Several types of cooling 
equipm ent are available th a t  can be located in the 
engine room, w here danger of freezing is m ini­
mized. I f  p racticable, consideration should be given 
to heating the pow er sta tion  by tran sfe rrin g  heat 
by un it heaters from  the jack e t c ircu la tin g  w a te r  
to the air w ith in  the bu ild ing  (p ar. 2B 3.11).

Figure 2B4-1 illu stra tes  a proposed diesel engine 
cooling system consisting of a shell-and-tube heat 
exchanger using continuously  rec ircu la ted  w a te r  
cooled by perm afrost. I t  is suggested th a t  such a 
system may be p racticab le  in areas w here the mean 
annual tem p era tu re  is less th an  32° F. The therm al 
characteristics of the soil should be carefu lly  
studied and evalua ted  in term s of the cooling re ­
quirem ents. (See Section 2A 8.)

f. Water Stipply. (See par. 4 of 2B4.02.)
g. Maintenance and Repair. E ngine-genera­

to r  sets pose no special m ain tenance or repair 
problems in the Cold Regions provided they operate 
w ith in  buildings in w hich above-freezing tem pera­
tu res are m ain tained. I f  they  are required  to 
operate ou t-of-doors d u rin g  w in te r  m onths or in 
cold buildings, the equipm ent, includ ing  accessories
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and auxiliaries, m ust be completely w interized , as 
discussed in  p a r. h , follow ing. An effective m ain­
tenance rou tine  m ust be established, and sufficient 
operating  rep a ir equipm ent, supplies, and repair 
p a r ts  m ust be stocked to  ca rry  the operation 
th ro u g h  the season.

h. W interization of Equipment.
(1 ) Engines. Large diesel engines used 

as prim e m overs fo r  electric generators in cen tra l 
stations are u su ally  housed in w ell-heated engine 
rooms if  au x ilia ry  pow er sources are available for 
s ta r tin g  the engine and if  severe low -tem peratu re 
conditions never occur. H ow ever, portable engine- 
gen era to r sets, w h ich  generally  are lim ited to en­
gines of small and  m edium  sizes, are im portan t 
fron tline  equ ipm en t; they  m ust be capable of going 
in to  operation  on sho rt notice even under the most 
severe tem p e ra tu re  conditions. In te rna l combus­
tion  engines are  n o t designed for s ta rtin g  and 
opera ting  a t  ex trem ely  low tem peratu res, and the ir 
sa tis fac to ry  operation  u n d er such conditions de­

pends on certa in  necessary modifications. In s tru c ­
tions and procedures designed to  fac ilita te  cold- 
w ea ther s ta rtin g  and operation of diesel, gasoline, 
and electric equipm ent are presented in Ref. 64. 
The instructions prescribed are applicable to all 
pow ered heav y-du ty  equipm ent, including the ir 
accessories and auxiliaries, for am bient tem pera­
tu res  dow n to  —65° F.

(2) Protection of Cooling Systems. In  
w in te r, special m easures are necessary to  p reven t 
heat exchangers and other aux ilia ry  equipm ent 
from  freezing d u rin g  shutdow ns or w hen standby 
un its  are housed in  a separate building. The safest 
m ethod is to  provide adequate heat to  the area in 
w hich the equipm ent is located. I f  this is im prac­
ticable, an tifreeze solution should be added to the 
jack e t w a te r, or the c ircu la tin g  pum p should be 
kep t in operation d u rin g  shu tdow n periods. W hen 
a b a tte ry  of engines is installed in the same room, 
the w aterlines of the separate cooling systems 
should be cross-connected so th a t hot, w a te r  from
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any or all of the engines m ay be pum ped th rough  
any or all of the cooling systems. This should be 
provided fo r in the design. A dditional precautions 
applicable to  evaporative coolers and  other equip­
m ent should be ob tained from  equipm ent m anufac­
tu re rs . W henever p racticab le, provisions should be 
m ade so th a t  the en tire  system or c ritica l portions 
o f i t  can be readily  drained.

i. Fuel, Lubricants, and Coolants. Refer­
ence should be m ade to  par. 4A 3.03 fo r m ilitary  
specifications and a list of N av y  stock num bers of 
fuel, lub rican ts, and coolants th a t  are available for 
field use and  are sa tisfac to ry  fo r low am bient 
tem peratu res.

j. Cold-Weather Starting . Reference should 
be m ade to  par. 1 of 4B1.03 fo r a discussion of 
aux iliary  hea t used to  s ta r t  engines a t low am bient 
tem peratures. P a rag rap h  2a of 4A 2.02 describes 
the use of d iethyl e ther prim ing systems for low er­
ing the tem p era tu re  to  the degree a t  w hich ignition 
can take  place. D iethyl ether, because of its high 
vo la tility  and  low ignition tem p era tu re , combines 
w ith  a ir  to  form  a m ix tu re  th a t  ignites m uch more 
readily  on compression th an  do m ix tures of diesel 
fuel and a ir. Most au tho rities agree th a t  ether, if 
properly used, has no dam aging effects on an in te r­
nal com bustion «engine. T here is some question, 
however, abo u t using e th er in tw o-cycle diesel 
engines in w hich the a ir  is passed th ro u g h  the 
crankcase before i t  goes to  the cylinders, because 
the presence of the a ir-e th er m ix tu re  in the c ran k ­
case m ay cause a p rem atu re  explosion.

As an a lernative  to  e th er injection fo r obtaining 
ignition a t low am bient tem peratu res, spark  igni­
tion, in com bination w ith  a low ered compression 
ra tio , and o ther m ethods have been tried . H ow ­
ever, sufficient w o rk  has no t been done a t low 
tem peratu res to  ju s tify  the inclusion of these 
m ethods in this publication .

To aid co ld-w eather s ta rtin g , some w ork  has 
been done on in jecting  fuel such as gasoline or 
petroleum  nap h tha  un der very  high Reed vapor 
pressures in to  the m anifold by a c a rb u re to r. As a 
safe ty  m easure, i t  has been suggested th a t  the fuel 
be p u t in to steel capsules, w hich w ould  have to  be 
m uch la rg er th an  e th er capsules. Petroleum  
naphtha w ith  a Reed vapor pressure of 20 psi a t 
100° F has been used as a s ta rtin g  aid in the 
R anger a irc ra f t engine fo r s ta rts  a t —65° F. (A ux­
iliary  heat was also em ployed.) Injection of high 
Reed vapor pressure fuel has m erit, b u t the m ethod

has not been sufficiently tested  to  perm it conclu­
sions as to  its p rac ticab ility . (R ef. 54.)

k. Handling and Storage of Fuel Oil. Im ­
proper handling m ethods d u rin g  shipm ent, storage, 
and tran sfe r  of fuel o ften  re su lt in ru s ty  con­
tainers, icing, and  o ther conditions th a t  cause 
clogging of fuel lines and  c a rb u re to r  jets by ice, 
scale, or o ther m ateria l. P rocedures fo r shipping, 
storage, and handling  of petro leum  supplies are  
presented in p arag raph s 3A1.02, 3A1.06, and  
4A 3.04, and should be ca re fu lly  followed. (See 
also Ref. 65.)

W hen bolted steel tan ks are used aboveground 
for fuel oil storage, a nonm etallic sheathing of 
some kind is requ ired  on the sunny side of the  
tan k ; otherw ise, fa ilu re  of tan k s w ill occur from  
long daily exposure to  the sun ’s hea t on one side 
and coolness on the  opposite side. The unequal 
expansion causes bo lt jo in ts to  separate , resu lting  
in leakage.

l. Combustion Air. E xtrem ely  cold a ir  
d raw n in to engines d irec tly  from  the outside o ften  
causes difficult s ta r tin g  and m isfiring un der ligh t 
loads. A ir supply to  pow er sta tion  diesel equ ip­
m ent should be preheated  by heating  coils o r o ther 
methods, as described in  p ar. 8 of 2B4.02.
2B4.02 STEAM POWERPLANTS

1. GENERAL. E xcept fo r the  influence of 
clim ate and o ther fac to rs  pecu liar to  perm afrost 
areas, the design of steam  pow erp lan ts in the Cold 
Regions does no t differ from  the design of sim ilar 
plants in the T em perate Zone. In  selecting a site 
for such a facility , th e  fac to rs  and procedures dis­
cussed in Section 2A2 should be considered, as w ell 
as such special conditions as m ay be applicable.

2. ICE FOG. The m ost ca re fu lly  designed 
steam pow erplants ag g rav a te , to  some degree, the 
ice fog condition in  th e ir  im m ediate vicin ity . W hen 
practicable, steam  p lan ts  should be located to  lee­
w ard  of im p o rtan t op era tin g  areas and , if  they  
bu rn  coal, should be prov ided w ith  au tom atic  
com bustion con tro l and  w ith  high-efficiency 
m echanical-type p rec ip ita to rs. T he operation of 
the p lan t should be p lanned so th a t  only a m ini­
m um  am ount of steam  and vapor is discharged to  
the atm osphere d u rin g  extrem ely  cold w ea ther. I f  
low areas exist close to  the p lan t, boiler blowoffs 
should be piped to  them .

3. ELECTRICAL GRO U N D S. A suitable 
ground grid  connected to  perm anen t m oisture is
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necessary in  the operation  of'pow erplants, and this 
requirem en t should be considered in locating the 
p lan t. G round ing  of all nonlive m etal objects and 
p a rts  in th e  sta tion  and  sw itchyard  is necessary to  
the safe ty  of personnel. Also, certa in  neu tra l 
points of c ircu its  on generators and transform ers 
are grounded  solidly o r th ro u g h  impedance to lim it 
voltage rise u n d er conditions of fa u lt and to assist 
relaying. A lthough  effective grounding in perm a­
fro st areas is o ften  difficult to  accomplish (par. 
2B 4.08), the special requirem ents of pow erplants 
fo r an am ple supply of boiler feed and condenser 
cooling w a te r  w ill u su ally  offer an obvious solu­
tion to the  problem .

4. W A TER  SUPPLY. Steam pow erplants re ­
qu ire  an am ple y ear-a ro u n d  supply of boiler feed 
and condenser cooling w a te r. I f  the p lan t can be 
located n ear a r iv e r, lake, or pond from  w hich such 
a supply is available, the  problem  is com paratively 
simple. I f  such a supply does not exist, test d rill­
ing  should be done in th e  near vicin ity  to determ ine 
the possibility of ob ta in ing  sufficient w a te r  from  
wells. Several p lan ts  of m oderate size (4,000 to
10,000 k w ) in the  F airbanks, A laska, area obtain 
th e ir  to ta l w a te r  requirem ents from  C alifornia- 
type wells, w hich are  18 to  24 inches in diam eter. 
E lectrica lly  d riven  ve rtica l tu rb ine  pum ps, housed 
in w ell-insu la ted  s tru c tu re s , pum p w a te r  to the  
pow erp lan t. Y ear-aro und  w a te r  tem peratu re is 
betw een 34° and 40° F. Several wells, usually a t  
least th ree , are provided. Any tw o of the three 
wells are  capable of supplying the to ta l requ ire­
m ents d u rin g  norm al operation; thus, each well is 
operated  periodically  to  ob tain a fluc tua ting  d raw ­
dow n to  m inim ize sanding and to preven t freezing 
inside the  casing and  in the zone of depletion. 
C au tion should be observed in locating the wells to  
assure th a t  th e ir  ranges of d raw dow n are not suffi­
cient to  have a de trim en ta l effect on the p lan t’s 
foundations or seriously in terfere  w ith  each o ther’s 
supply. O peration  of the  well pum ps should be 
contro lled  from  the pow erp lan t. Serious trouble 
from  freezing  or sanding can often  be prevented if 
a visible signal is installed  insidè the p lan t to  indi­
cate w hen the pum ps are  in  operation. Supply lines 
should d ra in  back  to  th e  wells so th a t  no w a te r  w ill 
rem ain in the  pipe w hen  the pum p is shu t down. 
Supply lines, if  laid  aboveground, should be p ro ­
vided w ith  some p ro tec tion  in extrem e w eather, 
a ltho ugh  th e  velocity  w ill usually  be so g rea t th a t  
li ttle  w ill be réqu ired . A fte r  passing th rough  the

condensers, the w a te r  is usually  sufficiently w arm  
so th a t  the discharge line w ill require no insulation. 
Condenser c ircu la tin g  w a te r  should, if  possible, be 
discharged in to  a n a tu ra l  drainage channel, w here 
its th aw ing  action w ill do no dam age and w here 
icing can be controlled. H ea t picked up in the con­
densers can sometimes be u tilized . A t a pow erplant 
in the F airbanks area, th e  w a te r, a f te r  picking up  
heat from  the condensers, is piped to  the ad jacent 
w a te r  tre a tm en t p lan t and c ircu la ted  th rough  coils 
to produce optim um  tem peratu res fo r chlorination.

a. Reuse of Condenser Circulating W ater. 
W hen the supply of w a te r  from  n a tu ra l sources is 
lim ited, i t  m ay be necessary to  reuse the condenser 
w a te r. This is usually  a serious problem in perm a­
fro st areas and, therefore , requires intensive study . 
O f the several m ethods in general use in the Tem ­
perate  Zone (R ef. 47, pp. 1184 and 1185), none is 
presently  en tire ly  sa tisfac to ry  fo r use in cold 
clim ates.

C onstruction  of cooling or spray ponds over 
perm afrost should no t be a ttem p ted  unless the type 
of m ateria l is such th a t  it  w ill m ain tain  its stab ility  
in a thaw ed condition or unless positive measures 
are tak en  to  preserve the perm afrost. (See Sections 
2A5, 2A6, and 2A 8.) Cooling ponds require large 
surface  areas, and th e ir  efficiency is independent of 
th e ir  dep th . U nder average conditions and assum ­
ing fu ll condensing operation, every 1,000 k w  of 
tu rb in e  capacity  w ill requ ire  150,000 sq f t  of pond 
area. This ra tio  can, perhaps, be reduced d u rin g  
the w in te r  m onths w hen steam  is being ex trac ted  
fo r heating  purposes, a lthough  a t such periods the 
electrical dem and is also near its peak and the 
steam  required  fo r the production  of electrical 
energy m ay overbalance th a t  required  fo r heating. 
U nder usual conditions of operation, a cooling 
pond large enough fo r w in te r use w ould probably 
be adequate  fo r sum m er operation if  cooling sprays 
w ere installed. Sprays are no t p racticable a t low 
tem peratu res. Ponds m ust be designed for p roper 
p ro tection  against un du e  freezing and icing d u rin g  
cold w eather. (See p ar. 2A 7.05.)

Cooling condenser w a te r  by tow ers of the me­
ch an ica l-d ra ft type is usually  an efficient process, 
b u t experience has ind icated  th a t the operation of 
such equipm ent a t low  tem peratu res is no t en tire ly  
sa tisfac to ry  because of icing difficulties. W here 
cooling tow ers are employed, design c rite ria  m ust 
include consideration of environm ental disciplines 
th a t  cause icing.
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5. DISPERSAL OF FACILITIES. C entral 
power and heating  p lan ts are a ttra c tiv e  m ilitary  
ta rge ts and should be construc ted  fo r ready  cam ­
ouflage. Also, consideration should be given to 
dispersal of the generating  and heating  facilities 
to  reduce the possibility of com plete loss of capac­
ity  in case of a tta c k  o r fire. This can be accom­
plished by construction  of a standby  p lan t capable 
of carry ing  m inim um  load requirem ents and 
located a t some distance from  the m ain p lan t, o r by 
construction  a t w ell-separated locations of tw o  or 
more sm aller p lan ts, all operating  in conjunction 
w ith  each o ther and w ith  the to ta l load divided 
between them . From  an operating  standpoin t the 
first m ethod w ould  probably be the more econom­
ical, b u t if w a r  w ere in progress or seemed im­
m inent, the second m ethod m ight be the more 
p ractical. Packaged-type steam  boilers and pow er­
generating equipm ent can be placed in operation in 
a com paratively short tim e a f te r  delivery and 
should be considered fo r o ther th an  perm anent 
service. Such equipm ent could be used d u rin g  the 
construction  of the perm anent facilities and be in­
corporated in to  the com pleted system as an au x ­
iliary  or standby. Mobile types, w hich can be 
m ounted on flatcars o r m otor tra ile rs , have m any 
useful applications.

6. FUEL A N D  FUEL STORAGE. The prob­
lems involved in connection w ith  fuel u tilized  by 
pow erplants located in the Cold Regions are con­
cerned prim arily  w ith  qu ality , unloading, and 
storage. In A laska, p rac tica lly  all steam  plants 
b u rn  coal, and m any of them  do so efficiently, 
despite the generally poor qu a lity  of coal available 
locally. A lthough coal of the type most generally 
used in A laska has a high ash and a low B tu  con­
te n t (less th an  9,000 B tu /lb ) ,  i t  bu rns w ell on 
chain g ra te  and spreader-type stokers. Boilers are 
operated a t pressures up  to  67 5 psi, and the most 
m odern plants use flue gas economizers and 
hydrau lic  ash-handling equipm ent. Oil of the 
grades ordinarily  used fo r steam ing fuel is not 
yet available in A laska in sufficient quan tities to 
compete w ith  coal.

I t  is difficult to  un load coal th a t  has frozen en 
rou te  from  the mine or in the storage pile, and 
m any operators store such cars fo r a day or so in 
thaw ing  sheds before a ttem p ting  to  em pty them. 
Sheds bu ilt over the tra c k  hopper m ay contain one 
or several cars and  are equipped w ith  steam  coils 
a rranged  along the  w alls parallel to  the cars. The

usual practice in  A laska is to  bu ild  up  coal stock­
piles during  the sum m er. A lthough  coal in sto rage 
w ill freeze in w in te r, experience has indicated  th a t  
it  can be handled q u ite  w ell in  its frozen sta te  w ith  
power equipm ent, unless i t  contains a large p rop o r­
tion of fines and w as excessively w e t w hen frozen. 
Such coal should no t be sto red  outside if  i t  m ust be 
used du ring  w in te r.

The possibility of coal fires caused by spon­
taneous com bustion is an ever-presen t h aza rd , 
and every precau tion  should be observed to  m ini­
mize oxidation w ith in  the coal pile and to  dissipate 
any heat produced. (See Ref. 47 , p. 764.) For a 
discussion of handling  and sto rage of fuel oil, re fe r  
to  par. 2k of 2B4.01.

7. W ATER CO M PO SITIO N . W ater in m any 
sections of the Cold Regions is p a r tic u la r ly  high in 
magnesium, silica, calcium , and  o ther n a tu ra l im ­
purities th a t cause scale, corrosion, caustic em ­
brittlem en t, and o th er ill effects on boiler surfaces. 
I t  is im portan t, th erefo re , th a t  cen tra l p lan ts be 
equipped w ith  w a te r- te s tin g  devices and w h a tev e r 
equipm ent is requ ired  to  t r e a t  the  boiler feedw ater 
properly. (See Ref. 47 , pp. 1116 th ro u g h  1120.)

8. LOCATIO N OF FA N  INTAK ES. The loca­
tion of intakes fo r  fo rc e d -d ra f t fans in pow er- 
p lants should be given special consideration in 
climates subject to  extrem ely  low  w in te r  tem pera­
tures. In m any insta lla tions, such in takes are 
located w ith in, the bu ild ing  so th a t  com paratively  
w arm  a ir  can be used fo r com bustion purposes. 
The relative h u m id ity  w ith in  pow erplants is 
usually  high, and as th e  cold outside a ir is pu lled 
in to the building to  replace the  considerable vo l­
ume of a ir used fo r com bustion, fro s t and ice form  
in progressive layers a roun d  the inside of door and 
w indow  openings. R apid m ovem ent of a ir  inside 
the building lowers th e  effective tem p era tu re  and 
causes discom fort to  operators. A b e tte r  m ethod 
th a t has been used succèssfu lly  is to  provide louvers 
in the outside bu ild ing  w alls, from  w hich a ir  is 
conducted th ro u g h  a ban k  of nonfreeze hea ting  
coils in to the d u c t leading to  the fan  in take. These 
coils can be designed to  deliver a ir  of un ifo rm  
tem pera tu re  regardless of outside a ir  tem peratu res.

9. LO CA TIO N  OF HEA VY EQ U IPM EN T. 
In designing pow erp lan ts to  be con struc ted  over 
taliks, the location of heavy equipm ent such as 
boilers, tu rb og enera to rs , and  auxiliaries is an  im ­
p o rtan t consideration. I f  im properly  d is trib u ted , 
the w eight of, such equ ipm ent plus th e ir  live loads
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can cause conditions favorab le to  differential settle­
m ent (par. Id  of 2A 6.02).

10. R E T E N T IO N  OF PERMAFROST. Base­
m ents of steam  pow erplants frequen tly  contain 
surface  condensers, ho t pits, and o ther equipm ent 
th a t  rad ia te  a considerable am ount of heat. When 
th e  passive m ethod is used in construction over 
p erm afrost, a ca re fu l s tu d y  is required  in the de­
velopm ent o f floor designs for such basements to 
assure re ten tion  o f the perm afrost. (See Section 
2A 8.)

11. PRA CTICA L CONSIDERATIONS. Con­
s tru c tio n  of a steam  pow erp lan t of the size ordi­
n arily  requ ired  fo r a perm anent establishm ent 
usually  requires a period of several years fo r plan­
ning and  construction . As previously mentioned 
(p ar. 5 o f 2B 4.02), tem porary  plants fo r generat­
ing  pow er and  steam  fo r heating can be provided 
on short notice if  packaged-type un its are used and 
if  boiler feedw ater is available.

Perm anent p lan ts should be s tru c tu ra lly  and 
m echanically as simple and foolproof as possible. 
They m ust possess a degree of mechanical efficiency 
consistent w ith  the  purpose for w hich the p lan t is 
designed. In  rem ote areas, the extrem ely high 
pressures common to  m odern plants in the Tem ­
pera te  Zone should be avoided because of the 
difficulty of ob tain ing  qualified operating and 
service personnel. S tandard ization  of equipm ent 
and p a r ts  perm its in terchange of equipm ent and 
personnel and  reduces the spare p arts  required . 
Provision fo r com paratively  rapid increase in 
capacity  should be allow ed for in the design. A t 
m ost establishm ents in  the  Cold Regions, there is a 
heavy dem and fo r electrical energy and steam fo r 
heating  d u rin g  w in te r  and an unusually  small 
dem and d u rin g  the long, w arm  days of summer. 
Provision should be m ade to  handle p lan t aux iliary  
requirem ents and the reduced sum m er demand 
w ith o u t op era tin g  large  generating un its a t re ­
duced capacity .

Steam p lan ts  in the Cold Regions generally serve 
the dual purpose of supplying electrical energy and 
steam  fo r space heating . For such p lants, ex trac ­
tion  tu rb ines are  commonly used because of the  
high th erm al efficiency usually  obtained. W ith th is 
type of equ ipm ent, p a r tly  expanded steam  is ex­
tra c te d  a t  one or m ore points a t w hatever pressure 
is desired in  th e  hea ting  system. Steam not re ­
qu ired  fo r  hea tin g  o r fo r  o ther purposes passes to 
the su rface  condenser and is pum ped back to the

boilers as feedw ater. Pow er is produced a t high 
efficiency in p lants equipped w ith  ex trac tion  tu r ­
bines because the only heat required  in such a 
p lan t, aside from  th a t  required  for heating  p u r ­
poses, is the heat equ ivalen t of the pow er generated 
by the steam  before ex trac tion . I f  m ore heating 
steam  is requ ired  th an  is available by ex trac tion , 
i t  can be obtained a t the required  pressure by 
passing high-pressure steam  from  the boilers 
th ro ug h  a reducing  valve. This is not, how ever, an 
economical procedure.

B ackpressure tu rb ines, in w hich the tu rb in e  ex­
hausts d irec tly  in to  the  heating  system, have a high 
efficiency if  all or m ost of the condensate is re ­
tu rn ed  to  the system. They are no t p rac tica l fo r 
year-aro und  use in areas th a t  requ ire no heating 
o r process steam  fo r several m onths of the year. 
(See also par. 2B3.06.)
2B4.03 HYDROELECTRIC POWERPLANT

1. SELECTION OF SITE.
a. Available Power and Energy. A th o r­

ough analysis of w a te r  supply, head; and storage 
conditions is necessary to  determ ine the pow er and 
energy th a t  a proposed hydroelectric developm ent 
can provide d u rin g  d ry , w et, and average years. 
A ppraisal of w a te r  supply is a problem  th a t  re ­
quires m uch stu dy , p a rticu la rly  w hen adequate 
in fo rm ation  on ra in fa ll, runoff, stream flow , and 
o ther hydrological conditions is not available. In  
m any sections of the Cold Regions there  is a g rea t 
lack  of such in fo rm ation , and  the s ituation  is fur? 
th e r  com plicated by peculiarities of runoff.

The head th a t  can be developed, the am ount and 
type of sto rage th a t  can be provided, and the 
am ount of installed capacity  th a t can be justified 
are controlled usually  by economic as w ell as 
physical lim itations. (See Ref. 66, Section 13, pp. 
14 th ro u g h  34.) The ex ten t to  w hich such lim ita­
tions are influenced by the disciplines of the area 
m ust be considered in determ ining the  overall 
feasibility of a developm ent a t the proposed site.

b. Physical Characteristics of the Site. Each 
site should be considered fo r its p rac tica l adv an­
tages in  construc tion , including those fac to rs 
p a r ticu la r ly  applicable to  the selection of bu ild ­
ing sites in the  Cold Regions. (See Section 2A2.) 
Soil conditions, geology, and topography of the 
en tire  reservoir area should be ca re fu lly  investi­
gated  to  discover possible fu tu re  sources of leakage 
to  adjoining w atersheds or around  the dam  to  the
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stream  below. Storage of w a te r  over perm afrost 
or diversion of the  stream  d u rin g  construction  may 
resu lt in  detrim en tal d isturbances in the therm al 
regim e of the subsurface, w hich m ay increase the 
possibility of w a te r  leakage. (See Sections 2A5, 
2A6, and 2A8.)

2. ICE PR EV EN TIO N . I f  adequate provision 
is m ade in the design, hydroelectric p lants, except 
in extrem e cases, can be kep t operative d u ring  
w in te r. Definite provision m ust be m ade fo r com­
bating  ice, and freq u en tly  this involves consider­
able expense and w aste of w a te r. A lthough condi­
tions encountered in the Cold Regions are often  
m ore severe and of longer du ra tio n  th a n ' those 
encountered in  o ther cold clim ates, the problems 
imposed by ice and the m ethods of com bating them  
are  the  same. (See Ref. 66, Section 13, pp. 32 and 
33, w hich describe the m ethods of p ro tecting  fac il­
ities against sheet ice and fraz il ice.)

3. SEDIM ENT DISCHARGE A N D  GLACIAL 
DEBRIS. The problem  of the sediment discharge 
of stream s assumes m ajor proportions in connection 
w ith  stream s d rain ing  glaciers. The channels of 
these stream s are usually  fu ll of glacial debris, and 
construction  of dam s and reservoirs is com plicated 
by dam  foundation  problems and possible early  fill­
ing of reservoirs by sediment. The rock flour re ­
m aining in suspension, even a f te r  long periods of 
storage, as in lakes, m ay cause rap id  w earing  of 
w aterw heels and tu rb ines. To obtain appropria te  
basic fac ts fo r the s tu d y  of these problem s, the 
Corps of Engineers is collecting in form ation on 
sedim ent discharge a t a num ber of locations. 
(R ef. 67.)
2B4.04 POWER TRANSMISSION AND 

DISTRIBUTION
1. GENERAL. The basic fac to rs th a t  in flu­

ence design of transm ission lines and d istribu tion  
c ircu its  in tem perate clim ates are applicable also 
to  the design of such facilities in the Cold Regions. 
E lectrical systems in these regions are usually  no t 
subjected to the frequency of violent electrical 
disturbances and usually  benefit by the close p rox­
im ity  of the generating  facilities to  the load 
centers. They are subjected, how ever, to  the  dis­
ciplines of the area, w hich require  th a t  special 
consideration be given to  the large varia tion  be­
tw een sum m er and w in te r  dem ands, g rea t differ­
ences in tem p era tu re , problem s involved in  the 
construction  and operation o f overhead and u n d e r­

ground facilities in perm afrost, and the difficulties 
frequently  in cu rred  in ob ta in ing  adequate  elec­
trica l grounds. (See Ref. 66, Section 14, pp. 3 
th rough  17.)

2. LINE LOSSES. C alculations of A-C voltage 
and power losses oh m any transm ission and  dis­
trib u tio n  lines designed fo r th e  Cold Regions cain 
be accomplished w ith  sufficiently accu ra te  results 
by using approxim ate m ethods. For sho rt-, low-, 
and m edium -voltage d is trib u tio n  lines, the  ch a rg ­
ing cu rren t can be neglected en tire ly , and the 
simple impedance m ethod w ill give sufficiently 
accu rate  results. For all b u t  th e  highest tension 
transm ission lines, th e  charg ing  c u rre n t is tak en  
in to  account by using th e  re la tive ly  simple end- 
condenser m ethod. (See Ref. 66, Section 14, pp. 18 
th rough  29 and p. 35.)

3. CORONA. Losses from  corona éffect on 
high-tension transm ission lines in th e  Cold Regions 
m ay be estim ated in the  same m anner as fo r  such 
lines in the Tem perate Zone. A line should no t be 
operated a t voltages h igher th an  the d isrup tive  
critica l voltage fo r the average barom eter a t  sum ­
m er tem peratures. In  w in te r, the  c ritica l voltage 
is higher because of low er tem p era tu res and  gen­
erally  higher barom eter. Pow er losses from  corona' 
effect, therefore, w ill generally  be less in  w in te r 
th an  in sum m er. T he a ltitu d e  a t  w hich the line is 
to  be bu ilt should be considered because d isrup tive  
critica l voltages v a ry  d irec tly  w ith  barom etric  
pressures. T herefore, such vo ltages ca lcu la ted  fo r 
a general location should be m ultip lied  by a cor­
rective fac to r equal to  th e  ra tio  of the barom etric  
pressure a t the given a lt itu d e  to  barom etric  
pressure a t sea level. (See Ref. 66, Section 14, 
Table 5, p. 32 and pp. 29 th ro u g h  33.)

4. BASIC FACTORS IN  M ECH A N ICA L D E­
SIGN. (See Ref. 66, Section 14, pp. 49 th ro u g h  
84.)

a. Selection of Route . Most of the  usual 
factors influencing the location of transm ission 
and distribu tion  lines in  u rb a n  areas in the T em ­
perate  Zone are applicable to  th e  Cold Regions. 
Few restrictions fo r ru ra l  construc tion  exist in 
perm afrost areas o ther th a n  those imposed by the  
disciplines of the region and  topography , vegeta­
tion, and foundation  conditions. T he last is f re ­
quen tly  the most im p o rtan t. Easem ents and  r ig h t-  
of-w ay agreem ents m ay be necessary in ce rta in  
regions of the Subarctic  b u t  generally  w ill no t be 
required  in more isolated areas. Forests are p rac-
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tica lly  nonexistent in the Polar Regions, and where 
they  exist in  th e  Subpolar Regions, the lines can 
usually  be ro u ted  to  avoid them .

b. Ground Wires, L ightning is in frequent 
in m ost p a r ts  of th e  Cold Regions, and overhead 
lines are generally  no t equipped w ith  ground wires. 
Also, in p erm afrost areas proper grounding is often  
no t readily  accomplished because of the difficulty 
of con tac ting  g rou nd  equipm ent w ith  perm anent 
e a rth  m oisture (p a r. 1 of 2B4.08).

c. Clearances, Because of the higher cost of 
p roperly  p reparin g  and m aintain ing foundations 
fo r pole-line s tru c tu re s  in perm afrost areas, spans 
longer th an  those o rd inarily  used m ay be justified. 
H ow ever, the g rea te r  sag resu lting  from  a longer 
span and the re la tively  large sag necessitated by  
extrem e tem p era tu re  ranges common to the* Cold 
Regions requ ire  ca re fu l consideration of the clear­
ance th a t  w ill be ob tained in w arm  w eather, as 
w ell as the tension to  be expected du ring  the. w orst 
conditions of w ind , ice, and low tem peratures. 
Longer spans and difficult transp o rta tion  problems 
in isolated areas w ill w a r ra n t the consideration of 
conductors o ther th an  copper, such as alum inum , 
steel-core a lum inum , and copper-w eld. Both a lu ­
m inum  and steel-core alum inum  are ligh ter th an  
equ ivalen t copper conductors, and sag values of 
alum inum  com pare favorab ly  w ith  those of copper. 
Both sag values and u ltim ate  s treng th  o f steel-core 
alum inum  cables are b e tte r  th an  those of either 
alum inum  or copper. Copper-w eld has. the highest 
u ltim ate  s tren g th  and  the  best sag values of any, 
b u t i t  is also heav ier th an  any of the others. For 
very  long spans, copper-w eld conductors should be 
considered.

d. Calculation of Sag and Tension, D ata on 
the behavior of transm ission line m aterials under 
extrem ely  lo w -tem p era tu re  service conditions are 
no t as readily  availab le as are such d a ta  for other 
types of service loadings, b u t once the service 
tem p era tu res of the  line have been determ ined, 
sag and tension values m ay be com puted as re ­
quired.

The tru e  shape of the line between supports is a 
ca ten ary , b u t bècause ca ten ary  equations are diffi­
cu lt to  deal w ith , calcu lations are generally made 
by parabolic fo rm ulas, w hich are com paratively 
easy to  handle using the fundam ental relationships 
of stress and  s tra in  fo r  the conductor m aterial 
selected. The follow ing example illustrates the

m ethod of solution, w hich is best done graphically 
(F igure 2B 4-2). C urve CD shows the tension-sag 
relationship fo r the conductor. The m axim um  ten ­
sion in the conducto r w ill occur a t the minimum 
design tem p era tu re  and should be taken  as 50 per­
cent of the u ltim ate  s treng th . In order th a t this 
tension w ill no t be exceeded, all tension-sag re la­
tionships m ust be based on the length of the con­
d u c to r a t this tem p era tu re . For any tem peratu re , 
the length  of the conducto r, and therefore the sag, 
w ill be proportional to  the tension. This curve for 
110° F is represented by curve  EF. The intersec­
tion of curves CD and EF gives the value of sag 
and tension fo r 110° F. Values for the curves in 
F igure 2B4-2 w ere obtained from  calculations 
sim ilar to . th a t  given in the following example.

Example
Find the tension and sag a t 110° F for Con­

d u c to r No. 1. (See T able 2B4-1.) Span is 1,000 
f t ;  m inim um  design tem p era tu re  is —95° F.
E =  Y oung’s m odulus, lb /sq  in.
A =  area of conducto r, sq in. 
c =  tem p era tu re  coefficient 
t  =  te m p e ra tu re ,0 F 
S =  span, f t
W  = w eigh t of conducto r, lb / f t  
T  =  tension, lb 
L = length  of conducto r, f t  
d =  sag, f t

( 1 ) For cu rve  CD,
S2w  ( 1 ,0 0 0 ) 2 x  0.322 _  

d = ~ * F = 8 X  2,3 00 1 ' £t
(2 ) L ength a t —95° F, 2,300-lb tension 

*  = s: +  %  =  1 >0 0 0 + = 1 ’0 0 0 - * 1 8  f t

(3) L ength  a t —95° F, 0-lb  tension
TLL - 1,000.818 f t  -  - —

t A M 0 . 0 2,300 X  1,000.8181,000.8 8 x  106 X  0.0829
A A A  n o  A £+.

(4) Length a t 110° F, 0-lb tension 
L =  999.084 +  cL (t  -  t 2) =  1,001.054 f t
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FIGURE 2B4-2
Sag-Tension Curves, 1,000-Foot Span, No. 0 Heavy-Duty Stranded Copper Wire

(5 ) Sag a t 110° F, 0-lb tension
J _  (3 ) (S) (L - s y i 2 

8
= \ X 1 , 0 0 0  x (1,001.054 -  1 ,0 0 0 ) 1/2

o

=  19.6 f t
By the foregoing m ethod, sag-span and tension- 

span d a ta  fo r various tem pera tu res can be bu ilt 
up . (See F igure 2B4-3.) In  some cases of tran s­
mission line construction , clearance requirem ents 
m ay contro l the design. F igure 2B4-4 shows the

sag-span curves fo r  th e  fo u r  conductors whose 
properties a.re shown in T able 2B4-1. I t  w ill be 
noted th a t  the sag fo r the equ ivalen t steel-core 
cable is m uch less th a n  fo r th e  equ ivalen t a lum inum  
or copper conducto r u n d er the same service tem ­
peratu res. C opper-w eld, a ltho ugh  i t  has a slightly  
higher sag a t the  m inim um  tem p era tu re , has the  
lowest sag of all a t tem p era tu res  near 100° F be­
cause of its low coefficient o f expansion. O n long 
spans w here clearance is of m ajo r im portance, 
copper-w eld conducto rs should be considered.

I t  w ill be noted th a t  in  th e  foregoing Exam ple

2-174



TABLE 2B4-1

Tension and  Sa g  for Transmission Line 
M aterials

P ro p e rt ie s
T ra n sm is s io n - lin e  m ate ria ls

N o . 1 No. 2 No. 3 No. 4

M a x im u m  tension ,  
lb 1 2,300 1,600 3,300 5,500

EA, lb. 1.326 x  10« 2.11 x  10* 2.07 x  106 2.74 x  106
A rea, sq  in. 0.0829 0.132 0.197 0.1184
E ( Y o u n g 's  m o d ),  

Ib / s q  in. 16.0 x l O 6 16.0 x  106 12.0 x  106 20.0 x  106
c, per °F 9.6 x  1 0 - 6 12.8 x  1 0 - 6 10.5 x  1 0 - 6 7.2 x  1 0 - 6
W eigh t, Ib / f t 0.322 0.194 0.232 0.444
C o p p e r  e q u iva le n t No. 0 (A W G ) No. 0 (A W G ) No. 0 (A W G )

No. 1. No . 0  ( A W G )  H D  stra n d e d  c o p p e r w ire  
No. 2. H D  a lu m in u m  w ire  
No. 3. H D  ste e l-co re  a lu m in u m  w ire  
No. 4. C o p p e r-w e ld ,  typ e  J
1 M a x im u m  te n s ion  is  m a x im u m  te n s ion  design , =  50 percent of u ltim ate  
b re a k in g  strength .

the c ritica l stress is assumed as th a t caused by tem ­
p e ra tu re  only. A t extrem ely low tem peratures, 
icing conditions are  nonexistent, and w ind velocity 
a t such tem p era tu res w ould rarely , if ever, be su f­
ficient to  crea te  stresses equivalent to those in ­
c u rred  a t tem p era tu res of —95° F.

5. OV ERHEA D STRUCTURES. (Ref. 66, Sec­
tion 14, pp. 85 th ro u g h  112.)

a. Types. The m ost common pole-line s tru c ­
tu re  in the  Cold Regions is the wood pole, although 
steel poles of the tu b u la r  or square-latticed  type 
are occasionally used to  support d istribu tion  lines 
o r low- or m edium -voltage transmission lines. The 
use of rig id  steel tow ers on transmission lines m ay 
be justified in ce rta in  cases. H ow ever, the founda­
tion problem s involved in the construction of these 
tow ers in perm afrost areas, as well as o ther factors, 
p reclude th e ir  general use. Steel s tru c tu res  of any 
type, w h e th er pole or tow er, should not be con­
sidered on p rim ary  lines w here good grounding is 
impossible because of possible creation of danger­
ous p o ten tia l g rad ien ts a t or near their bases d u r ­
ing periods of pow er arcing .

b. Local Tim ber. Local tim ber m ay be used 
fo r line s tru c tu re s  if  i t  is available in the vicinity . 
N ew ly c u t poles m u st be well seasoned before they 
can be properly  tre a te d  w ith  a preservative. This 
requ irem en t, to ge ther w ith  the difficulty of ob­
ta in in g  proper p reservative  trea tm en t in the Cold 
Regions, m akes th e ir  use advisable only on tem ­
po rary  lines. Im ported  poles are generally p re ­

ferred , and th e ir  selection as to kind and quality  
should be based on the expected perm anency of the 
line. Because of the expense of transp ortin g  these 
poles to isolated areas, inspection before shipm ent 
should be thorough  and specifications enforced. 
Fu ll-leng th  preservative  trea tm en t is generally 
unnecessary because decay processes in the above­
ground portions of the pole will be relatively  slow 
in the sem iarid areas common to the Cold Regions.

c. Tripods. Low -voltage d istribu tion  lines 
constructed  on pole tripods have given satisfacto ry  
service in m any applications. These s tru c tu res  
consist of th ree com paratively small poles so lashed 
together a t th e ir  tops as to  allow for slight move­
m ent. I t  is advisable to w eight the tripod w ith  a 
rock or o ther w eights suspended from  the center 
of the s tru c tu re  or from  each of its legs to help p re­
ven t o v ertu rn in g  (F igure 2B 4-5). Pole-line t r i ­
pods are usually  set on the tu n d ra  in cold w eather 
when the surface  is frozen. T heir use should be 
lim ited to  lines of low voltage.

d. Design Factors. A lthough high winds 
are in freq u en t in m any sections of the Cold 
Regions, there are areas subject to winds of te r ­
rific velocities. P roper separation of line con­
ductors, p a rticu la rly  on long spans of three-phase 
lines, m ay m ake advisable the use of H -fram e sec­
tions ra th e r  th an  ind ividual poles. In designing 
line s tru c tu re s  (pole or tow er) for locations in 
ta liks, conventional m ethods may be used. H ow ­
ever, in areas w here perm afrost is present, espe­
cially if the perm afrost supports the pole or makes 
or nearly  m akes con tac t w ith  the m aterial imme­
diately supporting  the pole, additional factors o ther 
th an  those usually  evaluated  in the design of dis­
tr ib u tio n  and transm ission lines should be given 
consideration. (See par. 2A6.05.)

e. Crossarms and Hardware. Conventional 
crossarm s and pole h ard w are  are used on pole lines 
ju s t as in the T em perate Zone and are almost a l­
w ays im ported.

6. INSULATORS FOR OVERHEAD LINES. 
(See Ref. 66, Section 14, pp. 112 th ro ug h  121.) 
All the  common types of standoff and stra in  insu la­
to rs designed fo r pole-line construction  are satis­
fac to ry  in th e ir  p roper applications in the Cold 
Regions. The m aterials o rd inarily  used in such 
service are glass and its compositions, pyrex, po r­
celain, and, to  some ex ten t, commercial plastics. 
All have excellent electrical and w eathering prop­
erties and m ain ta in  good dimensional stability .
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FIGURE 2B4-3
Sa g-Span  and Tension-Span Curves for No. 0 Heavy-Duty Stranded  C o p p e r  Wire

a. Materials. The s tren g th  of ce rta in  com­
positions of glass is no t significantly affected by 
tem peratu re  ranges from  —95° to 100° F unless 
the tem p era tu re  varia tion  is nonuniform , w ith  re­
su lting  therm ally  induced stresses. Porcelain, also, 
is no t ord inarily  affected by extrem ely low tem ­
p eratu res, b u t, as in the case of glass, a sudden 
change of tem p era tu re  m ay cause the frozen m a­
teria l to  sh a tte r. Polystyrene, a therm oplastic, 
m aintains s tab ility  a t extrem ely low tem peratu res 
(below —50° F) (Ref. 52) and has w ide use in cer­
ta in  electrical fields. I f  available, low -tem peratu re  
plastics should be used instead of glass or por­
celain. (Ref. 52.)

7. BARE W IRES A N D  CABLES. (See Ref. 66, 
Section 14, pp. 154 th ro u g h  185 and par. 4 of 
2B4.04.)

8. INSULA TED W IRES A N D  CABLES. P a r ­
ticu la r  care m ust be used in  the  selection of in ­
sulated w ire because m any of the common types of 
insulation w ill check and  c rack  in extrem ely cold 
w eather, a condition ag g rav a ted  by bending and 
k ink ing du ring  in sta lla tio n  and  by change in tem ­
pera tu re . (See Ref. 66, Section 14, pp. 154 th ro u g h  
185 and par. 4 of 2B4.04.)

a. Rubber and Rubberlike Materials. In ­
sulation made of new  n a tu ra l  ru b b er is usable a t 
tem peratures approaching —50° F (Ref. 52 ), b u t 
in this range it loses its e lastic ity  and becomes rig id  
and b rittle . In  th is s ta te  i t  w ill no t stand  repeated  
bending and flexing w ith o u t c rack in g  and possibly 
shattering . For th is reason i t  should no t be in ­
stalled d u ring  ex trem ely  cold w eather. E xperi­
ence has shown th a t  if  th is insu la tion  is installed  a t
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higher tem p era tu res and  is not moved w hen cold, 
the cold does no t h u r t  its insulating  qualities. O ld 
ru b b e r w ill lose its  e lastic ity  a t m uch higher tem ­
p era tu res , and  in su la tion  m ade of this m aterial is 
generally  n o t reliable below —10° F. The m aterial 
also does no t show perm anen t in ju ry  if  i t  is no t 
flexed in  ex trem ely  cold w eather. À special ru b ­
berlike m a te ria l m ade of n a tu ra l ru b b er and bu ty l, 
a com paratively  new  and im p ortan t synthetic 
elastom er, has been developed fo r use in tem pera­
tu res as low  as —70° F. (Ref. 52.) Neoprene has 
no t been sa tis fac to ry  a t tem peratu res below 
— 20° F because i t  loses flexibility and resiliency. 
M an u fac tu re rs  ind icate , how ever, th a t  they have 
been able to  m ake compositions of this m aterial

th a t  are p rac tica l in th e  range of —50° to  —60° F. 
(R ef. 52.) C are fu l consideration should be given 
to  its characteristics if  i t  is to  be used. (Réf. 52.)

b. Thermoplastics. Therm oplastics have no t 
been recom m ended fo r use a t tem peratures below 
— 14° F because experience w ith  some types has 
been unsuccessful in th a t  range. Several m a­
teria ls of this g roup , how ever, have no tew orthy  
properties and  are w o rth  consideration fo r use on 
electric pow er cables. (R ef. 47 .)

Polyethylene is to ug h  and durab le, and its to ug h­
ness is no t affected by low tem peratures. I t  stiffens 
slightly  a t — 30° F, b u t does not become b r ittle  u n ­
til exposed to  tem pera tu res as low as — 94° F.
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(Ref. 52.) I t  has excellent e lectrical properties 
and extrem ely low vapor tran sfe r  qualities.

Polyvinyl chloride compositions are no tew orthy  
for the ir heat resistance, exceptional toughness, 
and ability  to  w ith stan d  continued exposure to 
m axim um  tem p era tu re  differences. Some have low- 
tem peratu re  brittleness approaching —40° and 
— 50° F when subjected to bending. I f  this m a­
teria l were subjected to  sudden shock, how ever, 
it  w ould fail a t higher tem peratu res, possibly ap­
proaching — 30° F. P olytetrafluoroethylene has 
potential u tili ty  because of its excellent therm al 
stability , resistance to  corrosive reagents, and low 
dielectric loss. I t  is no t em brittled  by extrem ely 
low tem peratures. Films can be flexed a t tem pera­
tu res as low as —148° F w ith o u t breaking. Its 
resistance . to ou tdoor w eathering  is excellent. 
(Ref. 52.)

9. AERIAL CABLE A N D  CO N D U CTO R IN ­
STALLATION. A erial cables are occasionally used 
in the Cold Regions w hen adequate clearances from  
other s tru c tu res  or isolation from  con tac t by the 
public can not be ob tained by open-w ire construc­

tion. Because of th e ir  h igher cost and  the exacting  
insulation requirem ents necessitated by the dis­
ciplines of the area, th e ir  general use can no t be 
justified as can low -voltage cables used in con­
nection w ith  com m unication. T he g rea te r  w eak ­
ness of high-voltage cables is the inab ility  of th e ir  
insulation a t extrem ely  low  tem p era tu res to  w ith ­
stand the alm ost con stan t flexing to  w hich such 
cables are subjected by variab le  w ind  pressures 
and changes in tem p era tu re .

The installation  of aerial cables and single con­
ductors is accomplished in th e  u su a l m anner by 
sagging to the predeterm ined  am ount ca lcu la ted  
for the tem p era tu re  p revailing  a t  the tim e of 
stringing. D ynam om eters should be used to  
m easure the tension in messenger cable o r conduc­
to r fo r approxim ate sagging, b u t survey ing  in s tru ­
ments should alw ays be used in th e  final de term ina­
tion. W ind loads a t  the  tim e of s trin g in g  should be 
taken  in to  account if  w ind  velocities are sufficient 
to  affect the tension by even a slight degree. (See 
Ref. 66, Section 14, pp. 121 th ro u g h  125 and par. 
4d of 2B4.04.)

10. U N D ER G R O U N D  DU CTS. Pow er cables 
are placed un derg ro u n d  in  perm afrost areas to  a 
m uch lesser ex ten t th an  in the T em perate Zone. 
N o t only are u n d erg ro u n d  s tru c tu re s  in perm a­
frost more difficult to  co n s tru c t and m ain ta in  
(Section 2B2), b u t the  usual reasons fo r p lacing 
cables un dergrou nd  o ften  are no t sufficient to  ju s­
tify  the additional expense. U nsightliness is no t an 
im portan t fac to r. Also, the  chances of in ju ry  to  
the public and dam age to  the line by ex te rn a l 
agencies are reduced because of lack^of congested 
areas, violent electrical storm s, and  icing condi­
tions. A t large bases w here service facilities such 
as steam , w a te r, and sewer lines are placed in 
utilidors, electric pow er cables m ay also be placed, 
if necessary, in the s tru c tu re s . F u rth e r, i t  is o ften  
necessary to place cables u n d erg ro u n d  a t crossings, 
such as highw ays, ra ilroad  tra c k s , and a irstrips, to  
avoid in terference w ith  traffic. (See Ref. 66, Sec­
tion 14, pp. 128 th ro u g h  143.)

Effective electrical insu la tion  of cables installed 
in u tilidors is, of course, m and ato ry . Ref. 66, 
Section 14, pp. 185 th ro u g h  240, contains recom ­
m endations on the p roper insu lation  and other p ro ­
tection for electric cables of various system v o lt­
ages when placed in u n d erg ro u n d  conduits and 
o ther locations. W herever possible, how ever, elec­
tric  pow er d is tribu tio n  lines in the Cold Regions

2-178



should be placed aboveground. This is especially 
tru e  fo r  advanced bases.

The in ab ility  of cable installations to  w ith stand  
repeated  flexing is no t an  im portan t consideration 
in  u n d erg ro u n d  cables because flexibility is re ­
qu ired  only a t the tim e of installation.

U n derg rou nd  du c ts , constructed  solely fo r 
pow er cables, m ust be designed to  accommodate 
fro s t heave i f  i t  is necessary to  use them  in areas 
w here heave m ay occur. Piping made of galva­
nized steel o r of asbestos cement heavy enough to  
be placed w ith o u t a concrete envelope is p referred , 
a lthough  du cts  of fiber, wood, and concrete are 
sometimes used. F iber ducts are com paratively 
ligh t and  should be enclosed in an envelope of con­
crete . Lead-covered cables should no t be installed 
in  concrete du cts  u n ti l a t  least six weeks a fte r  the 
concrete has been poured  because of the corrosive 
effect of ce rta in  types of cem ent on lead. M an­
holes, service boxes, and o ther un derground  s tru c ­
tu res th a t  are requ ired  in connection w ith  the 
system should be designed w ith  fu ll recognition of 
the fac to rs  affecting these s tru c tu res  in perm a­
fro st areas.
2B4.05 TRANSFORMERS

T he dem and fo r electrical energy du ring  sum ­
m er in the  Cold Regions is usually  small com pared 
to  w in te r  dem and. Sufficient flexibility should 
therefo re  be incorpo rated  into the design to  assure 
th a t  tran sfo rm er losses d u ring  low-dem and periods 
are k ep t to  a m inim um . Large transform ers, de­
signed fo r peak dem and, should not be allowed to  
rem ain energized w hen only a fraction  of th e ir 
capacity  is being u tilized . (See Ref. 66, Section 
10, pp. 2 th ro u g h  73.)

1. SIN GLE-PH ASE TRANSFORMERS. Single­
phase tran sfo rm ers , a lthough  costing more and 
w eighing m ore per bank  than  a three-phase u n it 
of equal ra tin g , are  m ore w idely used th an  three- 
phase tran sfo rm ers because of the im portance of 
flexibility and dependability  of the electric system 
a t advanced bases. Insta lla tion  of num erous types 
of m otors and o ther equipm ent of vary ing  electrical 
charac teristics is o ften  required , and it is im ­
p o rta n t th a t  sufficient energy of the proper phase 
and vo ltage be availab le a t all times. F requently , 
em ergency changes or tem porary  use of equipm ent 
w ill req u ire  corresponding voltage and phase 
changes in the supply lines; this is especially tru e  
on a construc tion  p ro jec t w here con tracto rs f re ­

qu en tly  im port construction  equipm ent w ith  elec­
tr ic a l characteristics o ther th an  those of the energy 
th a t  is norm ally supplied. U nder such conditions, 
spare transform ers of various voltages, capacities, 
and types are excellent assurance against delays. 
U nder such conditions also, single-phase tra n s ­
form ers are especially valuab le because of the con­
venience of in terchangeability , w ith  one single­
phase transfo rm er acting  as a spare for several 
banks of th ree  sim ilar transform ers. Also, w hen 
using single-phase transform ers, any one of a th ree- 
phase bank can be c u t ou t of service and the o ther 
tw o continue operation in open delta, giving about 
56 percent of the bank  capacity .

2. TH REE-PH A SE TRANSFORMERS. Three- 
phase transfo rm ers, how ever, have m any useful 
applications, p a rticu la rly  in capacities of 500 kva 
or over, w here th e ir shortcom ings w ith  respect to 
flexibility m ay be ou tw eighed by savings in in itia l 
cost, w eigh t, space, and oil requirem ents. Recently 
it has become qu ite  common practice to use tw o 
three-phase transfo rm ers, each one-hàlf the size of 
the to ta l bank capacity  desired, w ith  proper 
switches on both the prim ary  and secondary side 
of each transfo rm er. T hus, in case of trouble  in 
one transfo rm er, the switches on each side of it are 
opened and the bank  p u t back into operation a t 50 
percent capacity  in m uch less time th an  is required  
to cu t ou t a single-phase transfo rm er for open- 
delta  operation. This scheme can also be used 
w here there is a tw o-to-one ra tio  between w in te r 
and sum m er load, in o rder to  keep losses a t a m ini­
m um  d u ring  ligh t load periods.

3. DRY-TYPE TRANSFORMERS. D ry-ty pe  
transfo rm ers can safely be used indoors because, 
if properly designed, they contain no oil or o ther 
flammable m aterials. They are ligh ter and sm aller 
th an  liquid-filled transfo rm ers of equal ra tin g  b u t 
do not have as high an impulse streng th . T heir cost 
is about the same as nonflammable, liquid-filled 
transform ers.

4. PRECA U TIO N S AG AINST FIRE. Sections 
of the N ational E lectric Code governing the loca­
tion of transfo rm ers are no t in all respects su f­
ficiently rig id  fo r the Cold Regions. Fires are very 
difficult to handle d u rin g  extrem ely cold w eather, 
and it is d u ring  such periods th a t  transfo rm er 
overloads sufficiently heavy and prolonged to ignite 
the cooling oil are m ost likely to  occur. Oil-filled 
transfo rm ers should be installed only outside or in 
separate fireproof enclosures aw ay from  other
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buildings. Transformers should be installed on a 
concrete pad only when placed in an enclosure and 
should have a curb high enough to contain all oil 
in all transformers.

5. PRECAUTIONS A G AINST GAS. T ran s­
form ers containing nonflam m able liquid have the 
same high impulse level as oil-filled transform ers 
and can be used safely indoors. The gas given off, 
how ever, in case of an arc  under the liquid, is dis­
agreeable, though  no t dangerous, and the room in 
w hich the transform ers are installed should be 
well ven tilated  and located aw ay from  o ther bu ild ­
ings.
2B4.06 SWITCHGEAR, CONTROL, AND 

PROTECTIVE EQUIPMENT

(See Ref. 66, Section 12, pp. 2 th ro u g h  82.)
1. G RO U N D IN G . C onventional con tro l ap­

p a ra tu s  for electrical systems is sa tisfacto ry  fo r use 
in the Cold Regions, b u t the difficulty of obtaining 
satisfacto ry  ground ing in perm afrost areas often 
poses serious problems in connection w ith  the opera­
tion of protective devices. G rounding is an im ­
p o rtan t fea tu re  of sw itching, substation , and dis­
trib u tio n  system design. In most cases the m ain­
tenance of service con tinu ity  and the safeguarding 
of pèrsonnel depend on ground ing  effectiveness, 
and every means should be employed to  ob ta in  it. 
(See par. 2B4.08.)

2. DAMAGE BY BLOW ING SNOW . M uch 
trouble  has been encountered from  dry , finely 
pow dered snow sifting  in to electrical equipm ent. 
Snow m elting on v ita l com ponents m ay cause short 
c ircuits and corrosion, and sufficient m oisture, if  it 
subsequently freezes, m ay cause o ther failures. 
Exposed equipm ent susceptible to  dam age by snow 
should be covered w ith  canvas or moved to  a less 
exposed location.

3. FUSING. In  fusing, consideration m ust be 
given du ring  w in te r  to  low am bient tem peratu res 
around  control equipm ent.

4. PR O TEC TIO N  OF RURAL LINES. P atro l 
of ru ra l  lines un der extrem e tem p era tu re  condi­
tions is difficult; therefore , devices th a t  w ill clear 
m om entary shorts or overloads w ith o u t m anual 
a tten tion  should be incorporated  in these lines. 
R epeater fuses are valuab le in this respect; their 
slow -burning characteristics, w hich often  m ake 
possible the clearing of tran s ito ry  fau lts  before 
the fuse has had tim e to  blow, are advantageous.

The protection of isolated b ranch  lines can be ac­
complished by o il-c ircu it reclosers th a t  tak e  care 
of m om entary overloads before the  fuses on the 
feeder line react to  the overload. (R ef. 68.)
2B4.07 SYSTEM STABILITY AND REGULATION

Most power systems in the Cold Regions are c h a r­
acterized by stable operating  conditions. The u l t i ­
m ate capacity  requirem ents are generally  p red ic t­
able, and an em ergency load suddenly applied or 
other transien t-s ta te  condition is ra re . The av e r­
age composite load is generally  beneficial to  system 
perform ance, a lthough  regu la tio n  is o ften  b e tte r  
in w in te r than in  sum m er because of th e  p re ­
ponderance in w in te r of heating  and  ligh ting  loads. 
(See Ref. 66, Section 3, pp. 60 th ro u g h  83.)
2B4.08 GROUNDING OF ELECTRIC CIRCUITS

(See Ref. 66, Section 14, pp. 290 th ro u g h  298.)
1. GENERAL. Effective ground ing  of electric 

circuits and equipm ent in perm afrost areas is no t 
easily accomplished because of the  extrem ely  high 
resistivity of frozen soil and the consequent diffi­
cu lty  of m aking good co n tac t w ith  perm anen t 
ea rth  m oisture. O ften  the only solution is to  ex­
tend ground buses to  areas in w hich good g ro u n d ­
ing is possible, such as nearby  stream s or o ther 
bodies of w ate r or to  d riven  wells. The am ount of 
expenditure justified in specific cases w ill depend 
on the purpose fo r w hich th e  g round ing  is to  be 
used, as well as the  g rou nd  resistance required . 
Soil of high resistiv ity , fo r exam ple, can be u tilized  
in the grounding of overhead transm ission lines if  
expulsion gaps are used a t each line s tru c tu re  in 
conjunction w ith  low -cost pole, b u tt-w ra p p e d  
grounds. H ow ever, g rou nd ing  of overhead tra n s ­
mission lines in the Cold Regions is seldom neces­
sary.

The possibility of ob ta in ing  sa tisfac to ry  g ro u n d ­
ing conditions should be an im p o rtan t consideration 
in the selection of sites fo r sw itch ing  stations, sub­
stations, and generating  p lan ts, all of w hich re ­
quire an effective g round ing  fo r th e ir  successful 
operation. For such facilities some choice of site is 
usually possible, and  the least desirable locations 
from  a construction  standpo in t are o ften  areas in  
w hich soil resistiv ity  is u n u su a lly  high. In  such 
facilities, m axim um  effectiveness and least expense 
w ill be realized by the  in terconnection  of all 
grounds to a common all-purpose g round  bus.

2. M U L TIG R O U N D IN G . T he g round ing  effi-
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ciency on d istrib u tio n  lines is increased by m u lti­
g round ing  and  by using  a common prim ary  and 
secondary n e u tra l in  conjunction w ith  common 
ground ing  facilities. In  high resistance areas the 
pooling of g ro u n d  facilities by interconnection of 
in d iv idual grounds a t services, transform ers, and 
o ther equ ipm ent to  d is tribu tio n  c ircu it neu trals is 
an  im p o rtan t aid to  ground ing  system effective­
ness and  p ro tec tio n  of equipm ent and personnel. 
In  u rb an  areas, m u ltig rounded  netw orks usually  
involve a la rge  num ber of grounds, m any of which 
can be m ade effective by connection to  w a te r­
piping systems. In  isolated d istricts, these means 
m ay no t be available, and  low-resistance grounds 
m ust be ob tained by o ther methods, w hich may in ­
volve d rilling  wells to  perm anent m oisture or ex ­
tension of g rou nd  buses to  satisfacto ry  grounding 
beds.

3. TRA NSFORM ER VAULTS A N D  SUBSTA­
TIO N S. A ll equ ipm ent a t transfo rm er vau lts  and 
substations should be thoroughly  grounded to  a 
common g ro u n d  bus.

4. G R O U N D IN G  A T  PO IN TS OF U TILIZA ­
T IO N . Considerable expense fo r the procurem ent 
of sa tisfac to ry  g rou nd ing  a t the point of u tiliza­
tion  is sometimes no t justified. In  such cases, 
equ ipm ent and  exposed m etallic parts  of the w iring  
system should be p ro tec ted  by insulation to  assure 
the safe ty  o f personnel.

5. G R O U N D IN G  OF CABLES. M any power 
transm ission and  d istrib u tio n  applications involve 
the use of in su la ted  cables th a t m ay be laid in 
buildings, in u n d erg ro u n d  conduits, on pole lines, 
on the  su rface  o f the g rou nd  or in the ground, or 
un der w a te r. T he o u te r  coverings of these cables 
usually  consist of tapes, braids, ru b b er jackets, or 
lead sheaths. G round ing  is required  fo r lead 
sheaths and  sta tic  shielding tapes to  contro l vo lt­
age grad ien ts along th e  line and to  p ro tec t pe r­
sonnel. O n long single-conductor lines, sheaths 
should be sectionalized by in su la ting  sleeves, and 
each section should be grounded a t one point only. 
In  general, s ta n d a rd  shielding practice should be 
followed (R ef. 66, Section 14, pp. 201 th rough  
203, and Section 13, p. 50 ), except th a t  in p a r­
ticu la rly  high-resistance areas it  m ay be advisable 
to shield below the  vo ltage limits recommended. 
Bare g rou nd  w ires are o ften  laid alongside cables 
c a rry in g  over 2 k v  w hen installations are made in 
soil of a lte rn a te ly  h igh  and low resistiv ity . E x­
perience a t  K odiak, A laska, has shown th a t  bare

copper g round  w ires, installed in some ducts w ith  
lead-sheathed cables un der w et conditions, w ill 
cause corrosion and subsequent fa ilu re  of lead 
sheaths.

6. EFFECT OF DEEP SNOW  O N  RESISTIV­
ITY . I t  is believed th a t  a deep snow cover affects 
resistiv ity  only to  the ex ten t th a t i t  m ay change 
the s ta te  of m a tr ix  in  the  perm anently  frozen 
m aterials.
2B4.09 WIRING OF BUILDINGS

(See Ref. 66, Section 14, pp. 241 th ro ug h  289.)
1. GENERAL. G eneral requirem ents pertain ing  

to  w iring  systems in the T em perate Zone are ap­
plicable to  installations in th e  Cold Regions. A l­
though  m any areas in w hich installations w ill be 
m ade are no t sub ject to  m unicipal or o ther regu la­
tion, p rac tica l consideration of fire hazard , acci­
den t prevention, and dependability m ake advisable 
practices m ore rig id  th an  those required  by any 
reg u la tin g  agency or the N ational E lectric Code.

2. W IR IN G  SYSTEMS. A t very  small estab­
lishm ents equipped w ith  isolated generating plants 
(e ither d irec t c u rre n t or single-phase a lte rn a tin g  
c u r r e n t) ,  2-w ire systems w ill usually  be adequate. 
O n combined ligh ting  and  pow er circu its  w here the 
m otor load is sm all (5 k w  o r less), the system m ay 
be a DC or single-phase AC 3-w ire system capable 
of delivering energy e ither a t  115 or 230 v. A t 
la rger establishm ents, 3-phase 3-w ire systems are 
m ost common because they  are the most efficient 
fo r  pow er d is tribu tio n  and  fo r m ixed pow er and 
ligh ting  loads. H ow ever, w here the ligh ting  load 
predom inates, 3-phase 4-w ire  systems should be 
used. G eneral N av y  prac tice  calls fo r all w iring  
to  la rger establishm ents to  be 120/208-v  4-w ire 3- 
phase systems, 120-v fo r ligh ting  systems and 208-v 
fo r 3-phase.

3. C IR C U IT  CA PACITY. For w iring  systems, 
it  is o ften  difficult in the Cold Regions to de te r­
mine the design c rite ria  th a t  w ill resu lt in the most 
efficient and sa tisfac to ry  layouts. M inimum re ­
quirem ents of the  N ational E lectric Code are sel­
dom adequate. L ighting  and  small appliance loads 
can be an tic ipated  fa irly  accu rate ly , b u t demands 
from  heavy appliances, such as oil burners, pum ps, 
w a te r  heaters, and  so on are often  g rea ter th an  an ­
tic ipated , and generous estim ates should be m ade 
in determ in ing the b ranch  circu its and feeder 
capacities.

y
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4* TYPICAL LOADS. In  the Cold Regions, 
there  is generally w ide seasonal difference in elec­
tr ic a l demands. Because of the  long hours of sun­
ligh t or tw ilig h t d u rin g  sum m er, the ligh ting  load 
is alm ost negligible, the only artificial ligh t re­
qu ired  indoors being in  areas to  w hich no n a tu ra l 
ligh t is supplied. The energy dem and a t this period 
comes from  appliances and from  m otor-driven 
equipm ent such as pum ps, a ir  compressors, and 
machine tools. The load is very  small from  7 p.m. 
to  7 a.m. In  w in te r, ligh ting  and heating  loads 
usually  predom inate and are fa irly  constan t d u r­
ing all hours of the day and nigjht. A lthough  the 
high cost of energy, in m ost cases, m akes electric 
cen tra l heating  systems im practical, household 
heating  and cooking appliances, m otor-driven  oil 
bu rners, stokers, and immersion heaters are widely 
used.
2B4.I0 LAMPS AND ILLUMINATION

(See Ref. 66, Section 15, pp. 2 th ro u g h  51.)
1. PRACTICAL CO NSID ERATION S. C u r­

ren tly  recognized standards of illum ination  may 
be used in preparing  specifications fo r ligh ting  sys­
tems in the Cold Regions. The disciplines of the

area should be considered in  re la tion  to  the  p ro b ­
able life of the  type of lam ps selected fo r various 
outdoor services because a t  extrem ely  low tem pera­
tu res therm al cracks are likely to  occur m ore f re ­
quently  in gas-filled lam ps th a n  in  vacuum  types, 
w hich operate a t  m uch  low er bu lb  tem pera tu res. 
In  certa in  instances, long lam p life m ay be the 
p rim ary  consideration; b u t in lam ps serving as ob­
struction  lights, a irs tr ip  m ark ers , and stree t lam ps, 
high lum en o u tp u t m ay be a m ore im p o rtan t fac ­
to r  th an  the inconvenience of replacem ent. In  all 
services the possibility of a compromise betw een 
optim um  lam p life and  high operating  efficiency 
should be considered.

2. FLUORESCENT LIG H TS. S tan dard  fluores­
cent lamps and s ta r te rs  do no t give sa tisfac to ry  
service a t tem p era tu res below  40° F. Consider­
able w ork  is being done in an a tte m p t to  get b e tte r  
operation of fluorescent equ ipm ent a t low er tem ­
peratu res, b u t a t present filam ent-type lam ps 
should be used fo r buildings th a t  m ay be unheated  
du ring  cold w ea th er and fo r all ou tdoor ligh ting  
in the Cold Regions. F luorescent fix tures should 
no t be used near electronic equ ipm ent; they  are a 
source of bad rad io  in terference.
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PART C. DESIGN OF ROADS, RUNWAYS, AND RAILROADS

Section I. GENERAL CONSIDERATIONS

2CI.0I GENERAL

In  m any respects th e  principles of design and 
con struc tion  of roads, a irstrips, and railroads on 
sites un derla in  by perm anen tly  frozen ground are 
identical. O n all such facilities the type and th ick­
ness of the base course o r fill, the w eight and con­
cen tra tio n  of traffic, and  the clim ate, ground w ater, 
and  subgrade soil are , ind iv idually  and collectively, 
fac to rs  th a t  determ ine the n a tu re  and degree of 
dam age th a t  m ay resu lt from  frost action.

As long as perm afrost remains frozen, i t  has a 
high bearing  pow er regardless of the elements of 
its composition. If , because of some change in its 
th erm al balance, perm afrost thaw s, its bearing 
pow er w ill re v e r t to  th a t  of its original soil com­
ponents and  m ay be fu r th e r  affected by the pres­
ence of free  w a te r. The supporting  pow er of a sub­
grade u n d er these conditions can be seriously re ­
duced and  can v a ry  g rea tly  even w ith in  small areas. 
F u r th e r  reduc tio n  of subgrade streng th  m ay resu lt 
from  the application  of traffic d u ring  the th aw  
period, w hich  m ay cause rem olding or develop hy ­
drosta tic  pressures w ith in  the pores of the soil d u r ­
ing the period of w eakening. The degree to which 
soil loses s tre n g th  d u rin g  frost-m elting  periods and 
the  leng th  o f periods d u rin g  w hich streng th  is 
reduced depend on the  type of soil, am ount and 
type of traffic d u rin g  the  frost-m elting  periods, 
tem p era tu re  conditions, drainage conditions, and 
availab ility  o f w a te r  d u rin g  critica l periods. On 
refreezing  and  in  the presence of free w ate r, heav­
ing m ay tak e  place, producing  s tru c tu ra l stresses 
com m ensurate w ith  those caused by m elting and 
subsidence. (See Section 2A5 and par. 4 of B2.01 
in Airfield Pavement, NAVDOCKS T P-Pw -4.)

The processes of freezing  and thaw ing  in perm a­
fro s t areas are  m ore intense th an  in the Tem perate 
Zone, and th e ir  de trim en ta l effects are more clearly 
em phasized. In  ru n w ay s and along roads and ra il­
roads, th ey  re su lt in hazardous operational con­
ditions, excessive m aintenance, and traffic in te r­
ference. To avoid com plications resu lting  from

fro st action , facilities of the above type should, 
w herever practicab le , be constructed  on bases of 
preserved perm afrost or on taliks sufficiently large 
and s tru c tu ra lly  adequate to  function  properly  
as a base. (R ef. 31, 35.)
2CI.02 SITE SELECTION

1. ROAD LO CA TIO N .
a. Location Criteria. Road planning in the 

Cold Regions usually  involves location th ro ug h  
v irg in  co u n try , and the  road is therefore no t ap­
preciably influenced by factors o ther th an  con­
s tru c tio n  and m aintenance. In  addition to  the usual 
location c rite ria  of shortest rou te , stan dard  aline- 
m ent and grades, reasonably economical design, and 
safe ty  of traffic, certa in  im p ortan t requirem ents 
imposed by the  disciplines of the region m ust be 
considered. Successful roads in perm afrost areas 
are located to  tak e  advan tage of favorable foun ­
dation  and drainage conditions ra th e r  th an  d irec t­
ness of rou te . Areas are avoided w here a receding 
perm afrost tab le  m ay produce an unstab le foun ­
dation  or w here there  m ay be evidence of creeping 
or swelling of the active layer. W et side hills or 
slopes, w hich  indicate possible effluent seepages, 
are  avoided because spalling of slopes and m ajor 
slides are to  be expected and w in te r g round  icing 
w ill norm ally resu lt. Likewise, the location m ust 
be kep t sufficiently above the know n icing eleva­
tions of all stream s and rivers, including stacked 
b reaku p  or pack  ice th a t  is either m arg ina l to or 
crossing the roadw ay. W herever possible, roads 
are located paralle l ra th e r  th an  perpendicular to  
the g ro u n d -w a te r m ovem ent. If  practicable, loca­
tions should be m ade on the  south ra th e r  th an  the 
n o rth  slopes of hills and m ountain  ranges because 
of the g rea te r  benefits th a t  sou th-facing slopes 
derive from  the heat of the sun. The g round  on 
such slopes is more likely to  be free of perm afrost, 
and construction  operations w ill have the ad v an ­
tage on such slopes of an earlier spring th aw  and 
la te r  fa ll freezeup. Also, subsequent m aintenance
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problems are likely to  be reduced  by less slippery 
surfaces, less w in te r  ground-ice form ation , and 
earlier spring thaw s. (R ef. 33.)

O ther precautions essential to  m inim ize w in ter 
m aintenance problem s include avoidance of th rough  
cuts, w hich induce d rif tin g , and construction  of 
slightly raised or fill sections, w hich ten d  to  be 
sw ept clear of snow. Such construction  usually 
makes im practical the balancing of cu ts and fills. 
M inimum grades and c u rv a tu re s  are u tilized  to 
reduce w in te r m aintenance and increase safety 
of w in te r traffic. (R ef. 33.)

(1) Bridges. Bridges requ ire  the addi­
tional consideration of w in te r  overflow icing pos­
sibilities, stream  ice b reaku p  and flow, and the 
channel-shifting to  be expected of m ost glacial 
stream s. In  addition , glacial stream s and rivers in 
the Cold Regions are o ften  sub ject to  heavy flash 
floods from  the bu rs tin g  of glacier-dam m ed lakes 
or stream s. G lacial floods in  m any large  rivers 
often  raise those rivers as m uch as 20 feet, causing 
serious ice flow, bank  erosion, and d r if t  problems. 
Floods m ay occur in  sum m er or in w in te r, and! in 
the la t te r  case m ay cause considerable dam age by 
ca rry in g  no t only heavy broken r iv e r ice against 
the bridge b u t also ice b ro u g h t down by glaciers 
and o rd inary  d r if t  composed of trees, stum ps, and 
o ther debris. (R ef. 33.)

Bridge locations to  m inim ize these conditions 
are p referab ly  chosen w ell in advance of the  road 
locations and ac t as con tro l points fo r the  rou te . A 
n arro w  crossing w here the r iv e r is confined by 
geographical fea tu res is p referab le, and a high, 
level crossing supported  by geographical features 
is sim ilarly desirable. Locations like these elim inate 
m any troublesom e m aintenance problem s caused 
by the foregoing conditions. In  ac tu a l practice, 
how ever, i t  is usually  necessary to  accept less than 
the ideal crossing because the economics of the over­
all rou te  location seldom allow  the  bridge crossing 
to  contro l the location of th e  line. (R ef. *33.)

b. Map Reconnaissance and Aerial Photo­
graphs. A th orough  stu dy  of all available maps of 
the region w ill aid in selecting one or m ore possible 
routes to  be checked la te r  by g round  reconnais­
sance. The s tu dy  m ay include photogram m etric 
maps and aerial photographs, e ither mosaic ' or 
strips of stereopairs. A erial photographs can pro­
vide m uch in fo rm ation  on road  location and 
elim ination of unprom ising rou tes m ore quickly 
th an  from  any o ther source. A t the  same tim e they

m ake possible a stereoscopic s tu d y  of su rface  phe­
nomena, such as land  form s, drainage, and v eg eta­
tion along those rou tes th a t  appear to  be th e  m ost 
practicable. (R ef. 31.)

c. Ground Reconnaissance. A th o rou gh  and 
detailed ground reconnaissance by a qualified 
p a r ty  is necessary to  decide if  the  rou te  ten ta tiv e ly  
selected by previous studies is practicab le . This 
w o rk  usually  begins in  the  early  spring before the 
th aw  takes place so th a t  con struc tion  equipm ent 
and supplies can be tran sp o rted  while the  g rou nd  
is still frozen. Also from  the  standpo in t of p lan ­
ning, the period before the spring th aw  is an ideal 
time to  m ake a s tu d y  of snow cover, the dep th  of 
freezing under conditions of vary ing  m oisture 
and vegetation, w in te r  ou tle ts  of springs, types 
and locations of fro s t m ounds, freezing of w a te r  
basins, and o ther fea tu res influencing construction . 
(Ref. 29.) (See Section 2A 2.)

The following considerations are of im portance 
in selecting a location fo r facilities in the  Cold 
Regions.

(1) E stim ate the . am ount and type  of 
clearing required .

( 2 ) S tudy  the su rface  and g rou nd  w a te r  
thoroughly, w ith  respect to  q u a n tity , d irection  of' 
flow, ra te  of m ovem ent, and  source. N ote w ea ther 
conditions, snow dep th , and probable runoff. W atch  
for evidence of icing (Section 2A 7 ).

(3 ) T horough ly  investigate  soil ch a r­
acteristics. N ote the  presence o r absence of perm a­
frost, including depths and  soil types involved. 
Foundation design and th ickness of base course 
w ill depend on the  q u a lity  of the  soil a t  the site. 
Avoid areas of fine-grained soil, if  possible, be­
cause these are the m ajo r cause of construction  
and m aintenance defects. (See also Section 2A 2.)

(4) N ote  evidence of de trim en ta l fro st
action.

(5) C are fu lly  note th e  topography  of 
the area. Locations on high, w ell-d ra ined  g round  
w ith  a reasonably sm ooth su rface  w ill requ ire  a 
m inim um  of g rad ing . E stim ate the grades to  be 
encountered and the  am ount o f fill requ ired . In  
rough' te rra in  in  perm afro st areas, avoid cu ts 
w herever possible.

(6) N o te  ava ilab ility  of local m aterials. 
Because construction  in perm afro st areas is accom­
plished prim arily  by hau led -in  fills ra th e r  th an  by 
balancing cu ts and  fills, la rge  qu an tities  of g ra n u ­
la r  m aterials are  necessary.
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(7 ) N o te  th e  transp o rta tion  require­
m ents of the various sites. Compare the accessi­
b ility  of possible rou tes and estim ate the m ain­
tenance requ ired  fo r con tinu ity  of supply.

(8 ) N ote  possible location for borrow  
pits. I t  is essential th a t  pits be located in fu ll 
recognition of the disciplines of the area, ch arac ter 
of the  active layer and its cover, the present and 
fu tu re  horizon of perm afrost, and surface and sub­
surface  drainage.

(9 ) N o te  stream  conditions a t prospec­
tive  crossing sites including icing conditions, 
w id th , dep th , and  velocity of the stream , condir 
tion  of banks, stream  bed; and high-w ater m arks.

(10) Look fo r m ajor discrepancies in 
m ap, photographic, or o ther da t^  on w hich the 
ten ta tiv e  location w as based. (Ref. 31.)

d. Preliminary Survey and Final Location. 
The prelim inary  su rvey  should be s ta rted  as ioon as 
possible* a f te r  th e  g rou nd  reconnaissance so th a t  
early  and co rrec t decisions can be made concern­
ing the  various sections of the line, including 
bridges, pits and  qu arries  fo r building m aterials, 
and bu ildings and  o ther special struc tu res. Con­
ventional m ethods fo r conducting  this survey, as 
w ell as m aking th e  final location, are applicable 
(R ef. 10, pp. 553-589) except in cases of hasty  
location w o rk  w here instructions given in various 
m ilita ry  technical orders should be followed. T est 
holes and  soil studies supplem enting those made 
d u rin g  the  g rou nd  reconnaissance should be. made, 
if  requ ired , along th e  rou te  and a t the site of 
buildings, bridge crossings, pits and quarriés, and 
a t th e  follow ing locations a t or adjacent tb  p ro ­
posed construc tion  areas.

( 1 ) Slopes w ith  different exposures.
(2 ) Breaks in  slopes.
( 3 ) A reas to  be excavated.
(4) A reas in w hich differences in soil, 

vegetation , and  m inor fea tu res are indicated.
( 5 ) A reas to  be covered by fill sections.
(6 ) Sw am py hollows and depressions.
(7 ) Sites of springs and fields of surface

ice.
(8 ) A reas w here landslides or slips are

indicated .
(9 ) A reas of g round  ice.

(10) A long gulleys and canyons.
(11) N ea r lakes and rivers. (Ref. 29.) 

(See Sections 2A2 and  2A8.)
Efforts m ade d u rin g  the survey to obtain ade­

qu ate  and reliable in fo rm ation  on all sections of 
thë  rou te  traversed  by the line w ill be justified by 
safer and more rap id  trav e l, few er traffic in te r­
rup tions, and sim pler m aintenance problems.

2. RAILROAD LO C A TIO N . The same factors 
th a t  influence the selection of routes for highw ays 
in perm afrost areas are applicable to  railroad  loca­
tion. Also, surveys fo r the purpose of fixing^ the 
line and grade fo r the tw o  types of facilities are 
essentially the same in principle. A lthough g rea ter 
la titu d e  is o rd inarily  permissible in specifying 
alinem ent and profile requirem ents fo r highw ays 
th an  fo r railroads, the difference is less in perm a­
fro s t areas because of the im p ortan t considera­
tion of^minimum grade and cu rv a tu res . (See Ref., 
10; Section 11.)

3. AIRFIELD LO C A TIO N . Selection of a site 
fo r an  airfield is usually  a compromise among en­
gineering, stra teg ic , and operational requirem ents. 
Factors of m ajor im portance, from  a construction  
standpoin t, in selecting a sa tisfacto ry  site fo r a 
fac ility  in perm afrost areas are presented in Sec­
tion 2A2. The exac t location of the ru n w ay  is of 
first im portance, fo r it  determ ines the. rest of the 
airfield layout. In  m aking the final ru n w ay  loca­
tion, one or more of the facto rs referred  to  in Sec­
tion 2A2 m ay ou tw eigh operational considerations 
because these fac to rs  w ill determ ine the am ount of 
effort, equipm ent, m aterials, and time required  to  
co n stru c t the airfield. In  m any sections of the Cold 
Regions, p a rticu la rly  in roug h  te rra in , i t  is f re ­
qu en tly  im practicable to  follow no rm al'p rocedure  
anil orien t runw ays in accordance w ith  the p re­

v a i l in g  winds of the area. O perational requ ire­
m ents, how ever, can no t be ignored to  the ex ten t 
th a t  operation of a irc ra f t from  the proposed site 
w ill be excessively hazardous. M eteorological con­
ditions, such as gusty  w inds of high velocity, cross­
cu rren ts , do w n drafts , haze, fog, ice fog, and p re ­
c ip itation , m ust be considered; and po ten tial sites, 
p a r tic u la r ly  those located near prom inent topo­
graphical fea tu res, should Be flight-tested by an 
experienced pilot to  disclose the existence and ex­
te n t of hazardous a ir eddies and other detrim en tal 
local conditions th a t  m ay be present. Glide angles 
along the projection of bo th  ends of the ru n w ay  
m ust be suited to  the landing and takeoff requ ire­
m ents of the using a irc ra f t. Locations m eeting 
glide angle requirem ents b u t offering m ental haz­
ards th a t  ^ause pilots to  fa il to use the available 
leng th  of the ru n w ay  should, when practicable, be
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avoided. The selection of the best site from a con­
struction standpoint, however, will often require 
the acceptance of mental hazards.

For basic location and layou t c rite ria , fo r stand­
ards applicable to  em ergency m inim um  operational 
and fu ll operational airfields, and fo r inform ation 
on stra teg ic  and tac tica l considerations, reference 
should be m ade to  p ertin en t m anuals and special 
instructions of engineering services. (R ef. 31.)
2CI.03 DRAINAGE— ROADS AND RAILROADS

1. GENERAL. Every section of the rou te  w ill 
present an ind iv idual drainage problem , and tr ia l 
layouts should be m ade on the con tour maps (or 
aerial-m osaic overlays) on w hich are first traced  
the n a tu ra l drainage p a tte rn , ridges, and valley 
lines of the various areas along the rou te . A fte r 
an acceptable drainage scheme has been evolved, 
i t  is checked fo r hydrau lic  accuracy by a series of 
tr ia l com putations. These cover estim ates of the 
qu ality  of the surface runoff w a te r  to  be carried  by 
the system a t each location and of the hydraulic  
capacity  of each system and its com ponent parts . 
D rainage systems should be constructed  in accord­
ance w ith  the general principles ou tlined in Sec­
tion 2A 7. H ow ever, inasm uch as more drainage 
problems are usually  involved in road  construc­
tion th an  any o ther type of facility , because of the 
m any types of te rra in  encountered, the basic con­
siderations specifically applicable to  drainage of 
roads and railroads are briefly review ed in this 
paragraph .

2. SURFACE DRAINA GE. In  p lanning for 
drainage of surface  w a te r, the follow ing procedure 
is recommended.

(1) Reduce the possibility of fields of su r­
face w ate r by prov id ing an adequate num ber of 
s tru c tu res  discharging in to  n a tu ra l drains aw ay 
from  the road. N a tu ra l  drains should preferab ly  
be on the low side of the roadw ay so th a t  spring 
m elt w a te r from  the icefield w ill no t be required 
to  pass th ro ug h  the drainage s tru c tu res.

(2) C o nstruc t ditches to  in te rcep t sidehill 
drainage.

( 3 ) Locate side ditches as fa r  from  the 
crow n of the road as is p racticable. The shoulder 
between the edge of the road and the d itch  should 
be wide enough fo r sto ring  snow.

(4) Use deep, n a rro w  ditches in preference 
to  w ide, shallow ones. The thickness of surface 
ice w ill be th e  same fo r both , b u t the dep th  of the

narrow  d itch  allows free  flow of w a te r  fo r  a 
longer period th an  does th e  shallow  ditch .

(5) Locate d ra inage ditches and re la ted  
facilities, w hen prac ticab le , includ ing  h au l roads, 
on the side of the road least vu lnerab le  to  dam age 
from  construction  ac tiv ity . D istu rbance  of the  
ground du ring  con struc tion  o ften  resu lts in an  ir r  
reparable a lte ring  of the  th erm al regime.

( 6 ) Provide adequate  checks to  p reven t 
erosion in side ditches.

( 7 ) Include in  specifications the requ irem en t 
th a t  all excavations m ade near the roadbed, such 
as borrow  pits, be d rained .

(8) Make c u lv e r t sections deep and n a r ­
row  ra th e r  th an  square. For g round  drainage, 
deep, n a rro w  sections are preferab le . (R ef. 29.)

3. SUBSURFACE D R A IN A G E. In  p lann ing  fo r 
drainage of subsurface  w a te r  th e  follow ing p ro ­
cedure is recommended.

(1) A nticipate the effect of cu ts and  fills 
on flows of g round  w a te r  by prov id ing  fo r con­
struction  of French or o ther types of drains.

( 2 ) Give special a tten tio n  to  dra inage of 
road surfaces th a t  are sub ject to  heavy traffic and 
th a t m ay be p a r tic u la r ly  sub ject to  fro s t boils 
du ring  the spring th aw .

(3) Provide fo r th aw in g  of u n derg rou nd  
drains and cu lverts  th a t  are susceptible to  icing 
by installation of sm all pipes th a t  can be connected 
to  portable boilers w hen icing occurs.

(See Ref. 10, pp. 259-278, fo r law s governing 
flows of w a te r  in pipes and open channels.)

4. SURFACE IC IN G . Because effluent g round- 
seepage icing freq u en tly  varies w ith  the w ea ther 
conditions and o ther fac to rs, its con tro l is m ore 
often a m aintenance ra th e r  th an  a design problem . 
Sometimes, how ever, th e  possible form ation  can be 
forecast and preven tive  m easures specified. (See 
par. 2A7.05.) As previously s ta ted , i t  is p re fe r­
able, w hen locating a line, to  avoid areas th a t  ap ­
pear susceptible to  seepage icing unless it  seems 
practicable to p reven t o r con tro l it.

5. STREAM A N D  RIV ER IC IN G . An ice p rob ­
lem th a t is re la tively  easy to  p red ic t and to  design 
for is th a t  of stream  and  r iv e r  icing form ed 
w hen the stream  freezes to  its bed and then con­
tinu ally  overflows and  freezes, w hich builds up  
successive ice layers th a t  in m any cases reach to  
heights of more th an  20 feet. This type of icing 
occurs w hen the  stream  flows over perm afrost; i t  
is relatively  pred ic tab le  because i t  occurs year a f te r
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year in  the  same locations. Bridges crossing these 
stream s m u st be kep t sufficiently high to  prevent 
overflows from  reaching deck level, building heavy 
ice loads onto the s tru c tu re , and endangering 
traffic. Besides p lann ing  high, level bridges fo r 
stream  crossings susceptible to  icing, it  is im ­
p o rta n t th a t  w herever possible a clear span be 
used. T restle -typ e  s tru c tu re s  should be avoided 
because rem oval of ice form ations from  the trestle  
supports is extrem ely  difficult w ith o u t endanger­
ing the  bridge. W here icing stream s and rivers 
parallel h ighw ays, the principal preventive measure 
is to  bu ild  a road  sufficiently high to avoid over­
flows, w hich  requ ire  con tinual a tten tion  to m ain­
ta in  traffic and  to  p ro tec t a road from  subsequent 
w ashouts d u rin g  the spring th aw  and runoff. 
(R ef. 33.)
2CI.04 DRAINAGE— AIRFIELDS

1. GENERAL. The degree of protection to be 
provided by drainage facilities p rim arily  depends 
on the class and volum e of traffic to  be accommo­
dated  by th e  p a r tic u la r  airfield, the necessity fo r  
u n in te rru p te d  service, and  sim ilar factors. In gen­
eral, the degree of pro tection  should increase w ith  
th e  im portance of the  field, b u t m inim um  require­
m ents m ust be adequate  to  avoid serious hazards 
of operation. The drainage system and struc tu res 
should be designed and installed to  d ra in  properly 
all su rface  and  subsurface  w a te r  th a t  m ay cause 
dam age to  th e  airfield facilities, p roperty , or ad ­
joining lan d , and to  conduct such w a te r  to the  
designated po in t of disposal.

2. SURFACE D R A IN A G E.
a. Design Objectives. To the extent that it 

is economically feasible, considering the purposes 
and importance of the particular airfield, the de­
sign objectives of the surface drainage system 
should be adequate to accomplish the following 
results.

( 1 ) Disposal o f surface runoff th a t  
w ould  re su lt from  the selected design storm , w ith ­
o u t dam age to  field facilities, undue sa tu ration  of 
the subsoil, or serious in te rru p tio n  to  traffic.

( 2 ) Disposal of surface runoff from  
storm s g rea te r  th a n  the  design storm , w ith  mini­
m um  dam age to  field facilities and m inim um  in te r­
ru p tion  to  traffic.

(3 )  M axim um  reliab ility  and minim um  
m aintenance u n d e r the  disciplines existent in the  
area.

(4 ) A d ap tab ility  to  fu tu re  extension of 
drainage facilities, w ith  m inim um  expense and 
in te rru p tio n  to  traffic. (R ef. 31.)

b. Design Storm frequency . The design 
storm  frequency  (R ef. 69, par. B2.01) is selected 
on the basis of the operational im portance and 
m onetary  value of the airfield and its facilities. The 
N av y  bases frequencies on 2, 5, and sometimes 10 
years. For the average naval ac tiv ity , the runoff 
should be based on a m inim um  design storm  fre ­
quency of 2 years. H ow ever, in locations w here 
flooding and subsequent dam age to  v ita l insta lla­
tions or in te rru p tio n  to  traffic may occur, or seri­
ous erosion of naval or adjoining p roperty  m ay 
resu lt, a design storm  frequency g rea ter th an  2 
years should be used. In  v irtu a lly  all cases, the 
classification of drainage requirem ents of a given 
naval airfield w ill be specified by the B ureau of 
A eronautics.

c. Disposal of Surface W ater. Design c ri­
te ria , includ ing  tra n s fe r  slopes for the rem oval of 
w a te r  from  runw ays and taxiw ays, w ill depend 
on the operational classification of the airfield and 
on lim itations of tim e, m aterials, and te rra in . 
T ran sfe r slopes w ill u su ally  vary  between 1 and 3 
percent, b u t the requirem ents of the B ureau of 
A eronautics should be consulted regard ing  layou t 
c rite ria  of this n a tu re . (Ref. 31.) (See par. 
2A 7.02.)

d. Design Considerations. To calcu late the 
cross sections requ ired  a t  critica l points along the 
drainage channels, the am ount of w a te r  the d rain - 
age system has to  handle m ust be determ ined. The 
usual m ethods of determ ining design discharge 
from  areas to  be drained  involve approxim ations 
th a t  are no t desirable in airfield design for the 
reasons no ted  in par. 1 of 2A7.02. Methods th ^ t 
tend  to w ard  overdesign are therefore commonly 
used and can usually  be justified, p a rticu la rly  a t 
fo rw ard  airfields in perm afrost areas w here re ­
liable in fo rm ation  on ra in fa ll in tensity  and f re ­
quency and surface  runoff is often lacking. Also, 
such fields are usually  originally designed fo r 
m inim um  operational requirem ents, and substan­
tia l overdesign m ay be no more th an  adequate if 
la te r  im provem ents to  the field are made.

e. Design Factors.
(1 ) Design Storm . A lthough it  is im ­

p o rta n t to  know  the ann ua l am ount of ra in fa ll to 
design a surface  drainage system, a know ledge of 
seasonal varia tions and  d a ta  on typical intense
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rainstorm s is of m ore im portance from  the stand­
point of the drainage problem . The design storm  
frequency is no t in itself a reliable criterion  of the 
adequacy of surface  drainage facilities. Intense 
storm s usually  cover only a sm all area and are of 
short du ration . T hey ord inarily  determ ine the de­
sign capacity of the  drainage facilities, b u t storms 
of longer d u ra tio n  and m oderate in tensity  may 
cause a g rea ter runoff. C onsideration should be 
given to  the possibility of storm s of g rea te r f re ­
quency than  the design storm , as w ell as m elting 
snow and ice, w hich m ay be responsible fo r flood­
ing and severe dam age, p a r ticu la r ly  if  m elting 
occurs a t  the same tim e as rain . (See Ref. 69, par. 
B2.05.)

A detailed analysis of local ra in fa ll, conditions 
is ; desirable in the p a r tic u la r  area w here an a ir­
field is required . I f  an analysis can no t be made, 
sufficient accu racy  is obtained by estim ating the 
1-hour m axim um  ra in fa ll as 0.4 of the 24-hour 
m axim um  ra in fa ll (R ef. 31 ). The 1-hour ra in ­
fa ll corresponding to  the design storm  frequency 
adopted for a p a r tic u la r  sta tion  is then used in 
selecting the suitable s tan d ard  supply curve. ;(See 
R ef.. 69, par. 3 of B2.01.)

(2) Infiltration . The 1-hour in filtration  
is used as-an index fo r losses caused by absorption 
of ra in fa ll by the g round  d u rin g  the design storm . 
Because of m any vary ing  fac to rs, i t  is difficult in 
the Cold Regions to  determ ine specific applicable 
rates. I t  is therefore  recom m ended. th a t  in filtra ­
tion be considered zero in the A rctic  and 0.4 in. 
per hour in the Subarctic . The in filtra tion  ra te  of 
pavem ent is considered to be zero. (See Ref. 69, 
par. B2.02.)

(3) Rate of Supply. R ate of supply is 
the difference betw een the ra in fa ll in tensity  and 
th e j in filtra tion  capacity  a t the tim e of a p a r­
ticu la r  storm . Both of these fac to rs are assumed 
to  be constan t d u rin g  a given storm . Supply rates 
are averaged w here various surfaces m ake up  the 
drainage area, and averages m ust be w eighted in 
proportion to  the areas of the surface involved. 
(Ref. 70.)

(4) Rate of Runoff. R ate of runoff for 
any ra te  of supply is determ ined prim arily  by  the 
length  of overland and channel flow, the slope of 
the ground and drainage channels, and the re ta rd ­
ing characteristics of the surface  cover and chan­
nel linings (R ef. 7 0 ). T ypical values of th e  re- 
ta rdan ce  coefficient n  to  determ ine the effective

length of overland flow are shown in Table 2C1-1.
The upper value of n  fo r the  A rctic  should be

0.1 because the su rface  m ay be frozen or covered 
w ith  sleet w hen the ra in  falls. In  the S ubarctic , n 
m ay be very high b u t generally  should no t exceed
0.3 for design purposes. The coefficients should no t 
be confused w ith  M anning’s n. (R ef. 70.)

TABLE 2C1-1
Retardance Coefficient for O verland  Flow  

(Ref. 701

S u r fa c e V a lu e  o f n

S m oo th  pavem ent 0.02
Bare, packed  soil, free  o f ston e 0.10
Poor g r a s s  cover, o r  m o d era te ly  rough, bare  su rface 0.201
A v e ra g e  g r a s s  cover 0.40
D e n se  g ra s s  cover 0.80

C h a n g e d  from  0.30 to a g re e  w ith  H a th a w a y  va lu e .

For drainage areas consisting of com binations of 
paved and unpaved  surfaces hav ing  different in ­
filtra tion  capacities, com putations w ill be sim pli­
fied if  w eighted ra tes  o f  runoff are estim ated fo r 
composite drainage areas w ith  each type of area 
proportional to  the  whole. C om putation  of ru n ­
off m ay then be m ade in accordance w ith  in s tru c ­
tions given in Ref. 69, par. 3 of B2.03.

f . Method of Computing Drainage Ca­
pacities. P a rag rap h  B2.04 and  o ther sections of 
Ref. 70 describe in deta il B ureau  of Y ards and 
Docks practice in com puting  capacities of d ra in ­
age facilities and should be consulted. Also, to  as­
sure successful design of d ra inage facilities in 
the Cold Regions, all fea tu res  re la ted  to  such 
facilities in perm afrost areas should be considered. 
(See Section 2A 7.) All phases of site reconnais­
sance should have been com pleted and in fo rm ation  
regard ing  topography , soil charac teristics, g round- 
w a te r  m ovement, seasonal f ro s t levels, and perm a­
frost levels should be available. L iberal allow ­
ances should be m ade fo r possible flow re ta rd a tio n  
caused by ice fo rm ation  in dra inage s tru c tu res.

g. Ponding. Ponding should be avoided in 
perm afrost areas. The sa tu ra tio n  of fine-tex tu red , 
frost-susceptible soil sho rtly  before freezing in the 
fa ll m ay cause heav ing and sw elling, w hich can no t 
be confined to ponding areas. (R ef. 70.)

h. Drainage Structures and Computation 
of Capacity. The size and  g rad ien t of pipes and 
open channels req u ired  to  discharge design storm
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w ate r are determ ined by M anning’s form ula, age s tru c tu res. (See discussion on drainage struc- 
L iberal allow ances should be m ade for possible tu res, including open channels, cu lverts , and storm  
flow re ta rd a tio n  caused by ice form ation in d ra in - drains, in Section 2A 7.)

Section 2. ROADS AND  RUNW AYS

2C2.0I GENERAL

1. DESIG N  CR ITER IA . In designing pave­
m ent over perm anen tly  frozen, frost-susceptible 
subgrades, p reven tive  measures against frost action 
are qu ite  d ifferen t from  those used in pavem ent de­
sign over frost-susceptib le  m aterials in areas sub­
ject only to  seasonal freezing. In  the la tte r  areas 
there are tw o  acceptable methods. The first is to 
p reven t freezing of the  subgrade and thereby p re ­
ven t pavem ent heave' and subgrade weakening. 
The second m ethod is to  allow freezing of the sub­
grade and to  design on the  basis of anticipated re ­
duced s tren g th  d u rin g  the frost-m elting  period. 
In perm afrost areas, designs of road and airfield 
surfaces m ust prov ide fo r insulation and preserva­
tion of the p erm afrost in its frozen, state  (par. 2 of 
2A 6.02) or provide fo r un iform  settlem ent w hen 
the perm afrost thaw s.

a. Insulation of Permafrost. The problem 
of in su la tin g  p erm afrost under roads, runw ays, 
tax iw ays, and  aprons frohv changes in tem pera­
tu re , breaks dow n in to  tw o  fundam ental considera­
tions— heat pen etra tio n  and frost penetration, bo th  
of w hich arise in connection w ith  the relative in ­
su la ting  properties o f  n a tu ra l m aterials. ( Ref. 7:1. )

( 1 ) Heat Penetration.. W hen heat pene­
tra te s  th ro u g h  an operating  surface, i t  m ay th aw  
a frozen , fine-grained subsoil, causing sa tu ra tion  
and loss of s tab ility . A n example is a typical ru n ­
w ay site from  w hich the n a tu ra l vegetation has 
been stripped , d ra inage stru c tu res  installed, g ra d ­
ing operations com pleted, and the base and surface 
m aterials placed. H ea t w ill penetra te  faster and 
deeper th ro u g h  th e  construction  m aterials th an  
th ro u g h  the n a tu ra l  insulation  m aterials th a t m ade 
up the orig inal cover. (See Section 2A 8.) To p re ­
serve the  ex isten t perm afrost horizon, therefore, 
the su rfac in g  m ate ria l and insulation course should 
provide in su la tion  equal to  the n a tu ra l cover. 
(Ref. 71.)

( 2 ) Surface Icing . W hen w in ter freez­
ing penetra tes an op era tin g  area deep enough to  
in te r ru p t th e  norm al flow of ground  w ater, s u r ­
face icing m ay occur. (See par. 1 and 2 of 2A7.05.)

Sufficient subsurface d a ta  m ust be obtained so th a t  
the fluc tua tion  in dep th  of the g rou nd -w ater table 
is know n and possible dam age to the s tru c tu re  or 
in terrup tions to operations by surface icing are 
prevented .
2C2.02 RUNWAY PAVEMENT DESIGN

Airfield pavem ent w ill be designed and con­
stru c ted  in accordance w ith  the procedures and 
recom m endations in Airfield Pavement, N A V- 
DOCKS T P -P w -4. The recommendations of this 

.publication are to be applied in fu ll recognition of 
the disciplines of the area and the existent and fu ­
tu re  therm al regime to  w hich the m aterials in ­
volved w ill be subjected. (See also Sections 2A5 
and 2A8.)

Soil studies and sam pling recommended in the 
publication  should be supplem ented by subsurface 
tem p era tu re  m easurem ents and in-place diffusivity 
studies. This in fo rm ation  should be used to  de­
term ine .the present and fu tu re  horizon of perm a­
frost in the m aterials involved in the project.

- Com paction of the subgrade m ay cause agg rad a­
tion of perm afrost, w hich, if  un iform ly d istribu ted , 
w ould  im prove the m odulus Eo\ if  no t un iform ly 
d istribu ted , how ever, such change, m ay d e tr i­
m entally  affect the su rface  of the pavem ent, u n ­
less a subbase course is designed to  take care of 
such change.
C A U T IO N : Changes in the perm afrost m ay m a­
te ria lly  affect the value of Eo*

D ensity studies of perm anently  frozen m aterials 
should preferab ly  be m ade from  und istu rbed  sam ­
ples. (See Section 2A 2.) W hen the sand m ethod is 
used, the sand m ust be d ry  and cold enough so 
th a t  its con tac t w ith  the frozen m aterials w ill 
no t cause it  to  freeze and adhere to  the side of the 
hole.

The settlem ent values determ ined w hen the plate 
m ethod is used in developing the m odulus Eo fo r 
the subbase m ateria l m ust be in terp re ted  in term s 
of the  existent therm al regime w hen the m easure­
m ents are m ade. These values m ust then be cor­
rected  fo r the therm al regime existent in the m a-
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terials involved d u rin g  the construction  and opera­
tion of the  project.

Ditches and borrow  pits in the im m ediate v icin­
ity  of an a irpo rt developm ent m ay resu lt in changes 
to  the subdrainage and therm al regim e of a po r­
tion of the foundation  m aterials.

The possible effect of adfreeze m ust be evaluated  
in estim ating the fric tional resistance to  horizontal 
movement of a concrete slab upon its support.
2C2.03 APRON AND RUNWAY FACILITIES

D etailed in fo rm ation regard in g  the type and 
location of apron and ru n w ay  facilities and serv­
ices m ust be incorporated  in pavem ent designs or 
specifications so th a t  in-pavem ent and under-pave­
m ent appurtenances, such as anchors, conduits, 
ducts, pipes, and service ou tlets, can be installed 
before the  pavem ent is laid. The general s tandards 
fo r apron and ru n w ay  facilities and services a t 
naval shore activities are prescribed by the B ureau 
of Y ards and Docks and are am ended from  tim e 
to  tim e as d ic ta ted  by changes in a irc ra f t design 
and m aintenance methods. These standards, th e re ­
fore, are not discussed in this publication .

The services th a t  should ord inarily  be considered 
in designing runw ays and re la ted  surfaced  areas 
are as follows.

( 1 ) R unw ay and tax iw ay  m arkers
(2 ) L ighting
( 3 ) Cable ducts
(4) Tiedown anchors
( 5 ) Static grounds
( 6 ) E lectrical u tili ty  conduits and ou tlets
(7) R ad ian t heating  piping ( if  involved)
(8 ) W ater service piping and ou tlets
(9 ) W ash racks and w ash drains (R ef. 31)

2C2.04 ROADS

1. SELECTION OF ROAD CROSS SECTIONS 
(Ref. 10, Section 12 ). The selection and design of 
road cross sections in the Cold Regions depends on 
m any factors, including traffic and drainage con­
ditions, the n a tu re  and sta te  of the subgrade 
(frozen or u n fro zen ), m aterials available, con­
s truc tion  time, and personnel and equipm ent avail­
able. The design of a ll-w eather road surfaces of 
heavy section gravel or broken stone and high-type 
flexible or rigid s tru c tu re  m ust be based on the 
fundam ental principles of con tinuous stable sup­
p o rt furn ished by the  subgrade and adequate 
drainage and proper load d istribu tio n  by the  su r­

face and base courses. All of these factors are  dis­
cussed elsewhere in this Section. Reduced im ­
portance can be placed on these fac to rs  in the  con­
struc tion  of public and  p riv a te  service roads de­
signed for ligh t traffic o r tem p orary  hau l roads in 
construction  areas w here high m aintenance fo r a 
lim ited period is expected . E xpedient and m ilita ry  
roads are bu ilt p rim arily  to  sa tisfy  m inim um  needs, 
and th e ir design should be simple and p racticab le  
in order to  use local m ateria ls and  w h atev er p e r­
sonnel and equipm ent is available. The objective 
of designs for such roads should be a fac ility  th a t  
can ca rry  the requ ired  volum e and  w eight of t r a f ­
fic w ith  the least exp end itu re  of tim e, labor, equ ip ­
m ent, and m aterials. I f  i t  is to  be an  a ll-w eather 
road, drainage and  subgrade conditions are  of 
prim ary  im portance as w ell as the  s tru c tu ra l  de­
sign of its com ponents. E a rth w o rk  should be held 
to  a m inim um , b u t  grades and  alinem ents should 
perm it traffic to  move speedily and  safely. F u tu re  
traffic conditions should be considered and stage 
construction  principles followed to  perm it la te r  
modification w ith o u t excessive grade and aline- 
m ent adjustm ents.

a. Earth and Earth-Gravel Roads. In  the 
Cold Regions, n a tu ra l  e a r th  roads con struc ted  of 
the m aterial th a t  exists along the r ig h t-o f-w ay  
are, fo r obvious reasons, confined to  nonperm a­
frost areas. T heir use is lim ited  to  d ry  w ea ther 
and ligh t traffic. For such service over perm afrost, 
it  is common prac tice  to  place ju s t enough gravel 
over the tu n d ra  to  p ro tec t th e  moss from  dam age 
and to  d is tribu te  to  some ex ten t the induced 
stresses from  the w heel loads. A lthough  consider­
able expense m ay be requ ired , such roads are o ften  
sa tisfacto ry  for lim ited  traffic conditions and fo r 
providing a base fo r  la te r-s tag e , in term ed iate-type 
construction . These roads are extrem ely sus­
ceptible to  subsidence and  fro s t heave.

b. Intermediate-Type Roads. The in te r ­
m ediate type of road  su rface  is considered to  in ­
clude a ll-w eather flexib le-surface s tru c tu re s  such 
as heavy-section g ravel and  broken  stone, tre a te d  
or u n trea ted , and the  b itum inous re tread , road- 
mix, and penetra tion-m acadam  types. (See Ref. 
10, pp. 621-633.) Subgrade stab ility , d ra inage, 
and base-course thickness are  of p rim ary  im por­
tance in the construc tion  of roads in  this class. A ll 
in term ediate-type roads can be con struc ted  rap id ly  
even in cold w ea ther and  can  be readily  converted  
to  h igh-type construction . In  p erm afrost or heavy
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fro st-ac tion  areas, i t  is usually  advisable to re ­
s tr ic t the m ovem ent of traffic d u ring  critica l 
periods to  m inim ize dam age to the road and to p ro ­
m ote safe ty .

c. H igh-Type Roads. H igh-type roads rep­
resent the  heav ier and more durab le roads w ith  
paved surfaces. In  the  Cold Regions the m ost 
common type is asphaltic concrete, although rig id  
concrete surfaces from  a s tru c tu ra l standpoint are 
sa tisfac to ry  if  th e  subgrade is un iform  and if the 
cost can  be justified . As previously m entioned, 
roads w ith  a. flexible su rface  are usually  preferred  
in  perm afrost areas because the m inim um  requ ire­
m ents of rig id  surfaces un der vary ing  perm afrost 
conditions can  no t u su ally  be atta ined .

(1 ) Pavement. Pavem ent fo r roads w ill 
be designed and con struc ted  in the same m anner 
as th a t  given fo r runw ays in Airfield Pavementy 
NAVDOCKS T P -P w -4 . (See also par. 2C2.02.)

d. Expedient Roads. C orduroy, fascine 
co rdu ro y , p lank , p lan k -tread , and log-tread roads 
are p rac ticab le  in sw am py areas underlain  w ith  
fine-grained m aterials. W hen a sa tisfacto ry  fill is 
scarce, these types of roads should be considered if  
the m ateria ls requ ired  fo r the ir construction are 
available. M etal land ing  m ats can often  be used 
in con junction  w ith  corduroy  to  cross short sec­
tions of g round . In  the  Cold Regions, designs fo r 
these roads w ill differ from  conventional practice 
only to  the ex ten t th a t  g round  should be disturbed 
as little  as possible d u rin g  and a f te r  construction 
to  reduce the th aw in g  and pum ping action of fine­
grained soil. O rd in arily , corduroy construction , 
in w hich traffic v ib ra tions are transm itted  d irectly  
to  the g rou nd , is probably  not as practicable as 
sleeper and s tr in g e r construction . I f  sleepers and 
stringers are used, g rou nd  con tact is minimized 
by the  sleepers, and  a considerable am ount of 
v ib ra tio n  should be absorbed by the surface cross 
logs and  stringers. (R ef. 31.)
2C2.05 BRIDGE DESIGN

1. GEN ERAL. B ridge design m ust provide a 
m inim um  of re s tric tio n  to  river flow and sufficient 
heigh t to  c lear floods, ice flow, and w in te r ground 
and stream  icing form ations. As a ru le , clear spans 
are m ore sa tis fac to ry  th an  trestle -type s tru c tu res, 
and m idchannel p iers are undesirable because spe­
cial icebreakers an d  pro tective s tru c tu res  m ust 
nearly  alw ays be provided. On w ide, flat, glacier 
stream  crossings, w here  channel sh ifting  is p reva­

lent, the overall bridge leng th  can often be reduced 
by using dikes, w ing  dams, and other channel con­
tro l s tru c tu re s  to  re s tric t the flow to a single 
opening. These ban k  pro tective  measures are costly 
and require  con tinual m aintenance, b u t they are 
o ften  economical because of the decreased length 
of requ ired  bridge s tru c tu re . (Ref. 33.)

2. STEEL . BRIDGES. S tandard  steel bridges 
have been w idely employed fo r roads in the Cold 
Regions. These bridges are m ostly simple tru ss  and 
g ird er spans, th ou gh  arches, suspension bridges, 
and can tilever designs are freely used for special 
crossings. (See Tables 2 A 9 -la  and 2 A 9 -lb .)  T im ­
ber trestles and tru ss  spans have been used ex ten­
sively in the past b u t are being replaced w ith  steel 
as rap id ly  as possible. T he tim ber trestle  is used 
for small crossings and on secondary roads. (Ref. 
33.)

3. CO N CRETE CO N STR U C TIO N . C oncrete 
is used for bridge seats, footings, and some a b u t­
m ents, b u t is seldom used fo r spans or piers be­
cause of the com paratively  high costs involved. N o 
cem ent is produced in the Cold Regions, and  the 
fre ig h t costs fo r th is bu lk y  m ateria l am ount to  
several times its value. Most gravel and sand avail­
able fo r concrete agg regate  require  extensive w ash­
ing and screening to remove glacial silt th a t  
predom inates in the deposits. In  the isolated loca­
tions common to  m ost bridge construction  in the 
Cold Regions, these facto rs, together w ith  the add i­
tional p lan t and the skilled labor requ ired  fo r ag­
g regate  p repara tion , form  erection, concrete m ix­
ing and  placing, and heating  du ring  cold-w eather 
placing, m ake concrete construction  exceptionally 
costly. By com parison, steel s tru c tu res  can be 
easily handled, fre ig h ted , and erected w ith  a re la­
tively  small p lan t' setup. Steel s tru c tu re s  in the

-Cold Regions do no t de terio ra te  appreciably com­
pared  to  sim ilar s tru c tu re s  in the Tem perate Zone. 
C oncrete, on the o ther hand, deteriorates faste r be­
cause of the num erous cycles of extrem e freezing 
and thaw ing . (R ef. 33.)

4. PIERS. Piers fo r bridges in the Cold Regions 
are p redom inan tly  the  steel H -piling ben t type. 
Developed by the  A laska Road Commission, they 
have proved very  sa tisfacto ry . T heir cost is con­
siderably less th a n  com parable concrete piers, th e ir  
perm anence is of equal d u ra tio n , and th e ir  com­
para tive ly  simple handling  and erection facilita tes 
use in isolated locations. T heir cost is re la tively  
low because they  require  none of the expensive ex-
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cavation, fo rm w ork , cofferdam  or caisson con­
struc tion , o r u n d erw a te r  w o rk  common to  con­
crete piers. In  addition , they are w ell adap ted  to 
use in frozen ground and can be placed as easily 
in w in te r as in sum m er. This fac to r is im portan t 
in the Cold Regions, w here m ost b ridgew ork is ac­
complished in the w in te r, a time when concrete 
operations require  costly heating  measures. 
(Ref. 33.)

5. STRUCTU RA L DESIGN. See Ref. 10, Sec­
tion 7, and Section 2A9 of this publication .
2C2.06 PLANNING STRUCTURAL DESIGN 

OF AIRFIELD INSTALLATIONS

General and detailed instructions and stand-

Section 3.

2C3.0I GENERAL

As noted in  Section 2C1, the design of railroads 
in areas underla in  by perm afrost follows the same 
basic principles as those fo r roads and , to  a lesser 
ex ten t, a irstrips. All are concerned w ith  preserving 
the perm anently  frozen g round  over w hich they 
are constructed , or preven ting  or m inim izing d if­
feren tia l heaving w here th aw ing  and refreezing 
of the perm afrost can no t be prevented . All use the 
same methods in accomplishing these objectives. 
(See Section 2C1 and p a r. 2C2.01.)
2C3.02 HEAVING TRACK

1. GENERAL. Railroads, like highw ays, t r a v ­
erse m any miles of co u n try  in w hich widely v a ry ­
ing conditions of soil, g round  w a te r, vegetation, 
clim ate, and o ther elements affecting frost phe­
nomena are encountered. I f , in all sections of the 
line underla in  by perm afrost, the perm afrost could 
be preserved or if  thaw ed  subgrades could be 
m aintained in a thaw ed  state , the m aintenance 
problems w ould  be g rea tly  simplified. On new 
lines, designed a f te r  adequate  soil da ta  have been 
obtained, roadbeds can be con struc ted  over p rac­
tically  any type of subgrade, w ith  reasonable as­
surance th a t  m aintenance, despite increasing loads 
and more concentra ted  traffic, w ill be kep t to  a 
m inim um . (See Sections 2C1 and 2C2.) Economic 
considerations, how ever, are often param ou nt, and 
m odification of designs th a t  are technically  ade­
qu ate  m ay be advisable w here there  is an extensive 
occurrence of fine-grained soil.

ards relating  to all phases of p lann ing  runw ays, 
park ing  aprons, and tax iw ays, as w ell as housing, 
u tility , and other func tion a l areas of naval airfield 
installations of all operational classifications are 
contained in various NAVDOCKS publications. N o 
a ttem p t has been m ade to  incorporate  such in fo r­
m ation in this or o ther Sections of th is publication . 
I t  is assumed, how ever, th a t  overall p lanning for 
installations in perm afrost areas w ill consider the 
p articu la r  dangers present w here perm anen tly  
frozen ground exists, and  th a t  designs and con­
struction  procedures w ill reflect the basic and 
guiding principles discussed herein, w hich, if  fo l­
lowed, w ill aid in avoiding or m inim izing opera­
tional difficulties.

RAILROADS

2. MEASURES A G A IN ST FROST H EA V IN G . 
The common m ethods of com bating destru c tiv e  
frost heaving are dra inage, liftin g  of tra c k  (on 
proper ballast or by shimm ing or b o th ), and soil 
replacem ent.

a. Drainage. The drainage methods dis­
cussed in par. 2A7.03 are applicable to ra ilroad  
subgrades. Very often , how ever, the  soil involved 
is such th a t the level of g rou nd  w a te r  in a n d /o r  
adjacent to the subgrade can be sufficiently drained 
to prevent heaving in frost-susceptib le  m aterials of 
the subgrade.

b. Lifting Rails. Raising the  tra c k  by in ­
creasing the dep th  of ba llast w ill assist in d ra in ing  
the roadbed and w ill d is tr ib u te  the effect of a heav­
ing subgrade so th a t  the  use of shims under the 
rails can be reduced or even elim inated.

c. Soil Replacement. The m ost effective b u t 
also the most expensive m ethod of p reven ting  
heaving of operating  surfaces is to  replace fro st-  
susceptible soil w ith  m ateria ls  th a t  w ill not heave 
when frozen. G ravel and broken stone are m a­
terials most commonly used as soil replacem ent. 
Peat and cinders, how ever, have also been used 
w ith  good results, the  la t te r  on lines a lready  in 
operation. The N orw egian  S tate  Railw ays, to  over­
come surface frost heav ing on th e ir  lines, has found  
th a t  the most effective soil replacem ent m aterials 
are a layer of pressed peat blocks topped w ith  
gravel, crushed stone, o r cinders.

So effective has this expedient proved in e lim inat­
ing heaving th a t  plans are u n d er w ay  to pave 
the subgrade over approxim ately  300 km  (186
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m iles), w hich  w ill req u ire  approxim ately 1,600,000 
peat blocks, 1.0 m x  0.5 m in plan and from  0.3 to
0.5 m  th ick . (R ef. 72 .) (See Figures 2C3-1 and 
2C 3-2.)
2C3.03 STANDARDS AND REQUIREMENTS

R ailroad con struc tion  in A m erican-controlled 
sections of the Cold Regions is accomplished in ac­
cordance w ith  AREA standards for comparable 
facilities, except w here local conditions indicate

fr o st  r e s is t a n c e  c a p a c it y ._33,ooo_ h _;c _ _  _  _  

--------------------------------------- ~  SUBGRADE

. «  x  1 i 1

PEAT 
COMPRESSED 

TO 0.10 M

STONE q

T 1:20 |
■ 4.0-4.2 M -

FIGURE 2C3-1
N orm al Replacem ent Section Used in New  

C onstruction  Before W orld W ar II, Show ing  
Lin ing  of Com pressed  Peat and Backfill of 

Crushed  Stone  IR e f. 72)

the advisab ility  of modifications. C rite ria  p e rta in ­
ing to  requirem ents of layout, design, and con­
s tru c tio n  are issued by the AREA and by spon­
soring agents and are no t discussed in this publica­
tion. S tan dard  specifications for trackag e  and 
auxiliaries, including rails, ties, splice bars, and tie 
plates, are applicable to tra c k  construction  in the 
Cold Regions. C onstruction  methods and p ro ­
cedures and in fo rm ation  regard ing  the effects of 
low tem pera tu res on construction  m aterials are 
presented in o ther Sections of this publication.

FIGURE 2C3-2
Sketch Plan and Section  of Track, Show ing  

Location and Arra ngem ent of Pressed  
Peat Blocks IRef. 721
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PART D. SANITARY ENGINEERING

Section I. GENERAL

2D 1.01 INTRODUCTION

Safe and adequate w a te r  supply and sewage and 
w aste disposal systems are as essential in low -tem ­
p era tu re  regions as elsewhere. Frozen g round  and 
snow cover m ake i t  difficult to  alw ays dispose of 
body w astes and garbage and to  collect drink ing  
w a te r  from  areas th a t  are entire ly  separated. 
Rigid discipline m ust be followed in selecting w ate r 
supply and w aste disposal sites. In  general, w a te r 
supply should be tak en  only from  ice, snow, or 
w a te r  from  the la rgest fresh -w ate r rivers and 
lakes in any given area. W astes should be de­
posited only in confined areas as fa r  as possible up 
the w atersheds of -only the sm allest rivu le ts  or 
stream s; w aste should no t be placed in a lake or 
w atercourse. W henever possible, oil should be 
poured over the discharged w astes to  m ake their 
detection easier in the im m ediate discharge area 
and yet not reveal th e ir  presence to  persons o u t­
side the im m ediate area.

Publications th a t  offer excellent in fo rm ation  on 
san ita ry  engineering in the Cold Regions are: 
Bulletin , Comm ittee on S an itary  Engineering and 
Environm ent, N ational Research Council, N ational 
Academ y of Science, 1950; Study of the Mechanical 
Engineering Features of Polar Water Supply, 
H ostrup , Lyons & Associates, C o n trac t N O y- 
27491, US N av al Civil Engineering Research and 
Evaluation  L aboratory , P o rt Huenem e, C alifornia, 
A u gu st 1953; and Sanitation and Water Treat­
ment in the A rctic , Lloyd K. C lark , R eport of P ro­
ceedings for Symposium on A dvance Base W ater 
Supply and Sanitation, US N av a l Civil Engineering 
Research and E valuation  L aboratory , P o rt H ue­
neme, C alifornia, 7-9 O ctober 1953.

2D 1.02 SANITARY ENGINEERING
LOW-TEMPERATURE PRINCIPLES

1. EFFECT OF TEM PERATURE. In itially , 
tem p era tu re  is the principa l v a r ia n t distinguish­
ing san ita ry  engineering fo r A rctic  installations

from  th a t used in  o ther regions. Low prevailing  
tem pera tu re  resu lts in a changed exhibition of ce r­
ta in  common engineering, physical, chem ical, and 
biological principles. Biological and chem ical re ­
actions are re ta rd ed  and  the physical sta te  o f fluid, 
soil, m etal, plastics, and  o ther m ateria ls is ap p re ­
ciably different. H ea t conservation , hum id ity , 
ligh t, construction  and  operation  costs, and  the 
efficient use of m ateria ls and  resources assume 
positions of g rea t im portance in A rc tic  san ita ry  
engineering. P lanning  m ust be thorough , w o rk ­
m anship good, and  to lerances sm all, and safe ty  fac ­
tors m ust allow fo r all the re su lta n t effects of the 
disciplines of the area.

2. CHEMICAL REA CTIO N S. In  general, all 
chemical reactions u tilized  in  environm ental con­
tro l, such as ox idation , reductio n , coagulation , 
solubility, vaporization , and p recip ita tion , are  re ­
ta rded  by low ering the tem p era tu re . A t low  tem ­
peratu res, the ox idation  of organic m ate ria l is 
slowed appreciably. T em p era tu re  has an effect on 
coagulation, f iltra tio n , and p rec ip ita tion  in  w a te r  
and sewage trea tm en t. Most solids and liquids 
decrease in solub ility  w ith  decreasing tem p era­
tures. V aporization occurs less read ily  a t  low  tem ­
peratu res.

3. TREA TM EN T A D A PT A T IO N S. A ll t r e a t­
m ent of w a te r  o r sewage m u st be conducted  in 
shelters, w ith  hea ting  equipm ent adap ted  to  m ain­
ta in  the tem p era tu re  above 32° F th ro u g h o u t the  
trea tm en t enclosure. H ea ted  shelter fo r san ita ry  
engineering operations assumes m ajor significance 
because d rink ing  w a te r  and  w a te r  in sewage 
freeze. The sim plest pum p or L yster bag is use­
less if the w a te r  is frozen.

The details of operation, maintenance, or over­
haul found in appropriate technical manuals or 
manufacturers’ handbooks have not been repeated 
in this publication nor has any specific technical 
or general engineering information given else­
where in this publication or in standard engineer­
ing handbooks.
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2D 1.03 SANITARY ENGINEERING 
INSTALLATIONS

Water supply and waste disposal disciplines are 
equally applicable to individuals, small detach­
ments, and larger units during emergency, tem­
porary, semipermanent, or permanent stages of 
operation. The methods employed differ, depend­
ing on the size of the group, stage of the opera­
tion, and climatic and geographic conditions im­
posed at the site. Quality and quantity of equip­
ment and supplies, suitability of equipment and 
supplies for use under low-temperature conditions, 
training and care in the handling of equipment 
under these conditions, a general understanding 
of the basic concepts of cold-weather engineering, 
and ingenuity— all govern the success of operations 
under low-temperature conditions.

G roups of from  1 to  2 5 men are dependent 
upon equipm ent and k its  prepared for individuals 
and small detachm ents. Supply and equipm ent for 
such groups satisfy  requirem ents for a 3-day

period. G roups of from  25 to 500 men are de­
pendent upon portab le un its  for small and m edium ­
sized detachm ents, such un its  consisting of semi- 
perm anen t-type equipm ent. Expendable supplies 
are provided for a 90-day period. Semiportable 
un its are used for large detachm ents (1,000 men 
or m ore) and for special requirem ents. Engineer­
ing design fo r fixed installation  utilizes conven­
tional equipm ent modified for adap ta tion  to use 
un der the disciplines of the area.

W ater supply, sewage disposal, and garbage 
disposal plans fo r fixed-base installations should be 
carefu lly  review ed for the effect of low tem pera­
tu re  on all un its  of such san itary  engineering 
facilities. Basically, the same commercial un its 
and methods of w a te r  supply and w aste trea tm en t 
used in tem perate clim ates are employed under low- 
tem p era tu re  conditions. Modification of reaction 
times, therm al characteristics of un its, ventilation, 
and sim plification of operational requirem ents con­
s titu te  the principal changes from  tem perate- 
clim ate practice.

Section 2. WATER SUPPLY

2D2.0I SOURCES OF WATER

C ontinuous and readily  usable sources of w ate r 
supply are no t num erous in low -tem perature re ­
gions. Most of the m yriads of shallow lakes and 
ponds th a t  m ay be found  in flat areas are too shal­
low fo r y ear-a ro u n d  use. G round w a te r  is found 
only in sm all am ounts, p a rticu la rly  a t shallow 
depths. Low p rec ip ita tion  does not provide ade­
q u a te  recharge of g rou nd  w ate r, and perm afrost 
in terferes w ith  its storage. Runoff is rap id  where 
slopes perm it.

1. ICE A N D  SNOW . The principal source of 
w a te r  supply  used by the  natives of the A rctic is 
m elted ice and snow.

a. Fresh-Water Ice. Ice is cu t from  fresh­
w a te r  lakes and  rivers in the fall, when it is about 
10 to  12 inches th ick , and stored either in cellars in 
the perm afro st or on the ground  surface in a con­
venien t spot. Im proper handling of ice m ay con­
tam in a te  i t  and  m ake it  unsafe for hum an con­
sum ption. A lth oug h  uncom m on, it is possible th a t 
freezing m ay no t have excluded all im purities, in ­
c lud ing  pathogenic bac teria  present in the con­
tam in ated  w a te r , and ice c u t from  such a supply

m ay be unsafe for hum an consum ption w ith o u t 
disinfection.

b. Salt-W ater Ice. O ld sea ice is a source of 
fresh w a te r  th a t  is p u re r  th an  the w a te r  from  
some springs and stream s. Old sea ice, as well as 
icebergs, is freq uen tly  used as a source of w a te r  in 
coastal areas d u ring  sum m er m onths. Sea ice loses 
most of its saltiness in one year, and a f te r  tw o 
years it can be considered salt free. Fresh w ate r 
can be dipped from  pools in the icevor obtained by 
m elting it. O ld sea ice is recognized by its bluish 
color, rounded corners, smooth and glossy surface 
containing pits, stand ing  pools of w a te r, and the 
ease w ith  w hich it  can be splintered. Salt ice, on 
the o ther hand, has an g u la r corners, m ilky appear­
ance, and a tough  tex tu re , w hich is difficult to 
splinter. (Ref. 73.)

In  native p ractice, harvested  ice is taken  a block 
a t a time and placed in a container in a heated 
room. There it is allow ed to m elt a t room tem ­
p e ra tu re  fo r general use. These methods of han ­
dling and m elting  ice are questionable, and it is 
doubted if the re su ltan t w a te r  is safe fo r general 
use w ith o u t disinfection. Ice should no t be cu t 
from  a surface th a t  has p artia lly  thaw ed and ac­
cum ula ted  w aste and organic m ateria l and then
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refrozen. Ice from  a pond in w hich the ice su r­
face has been flooded w ith  surface  w a te r  and re­
frozen should not be used. N a tu ra l exclusion of 
filth  from  the refrozen  portion  of the ice does not 
occur under such conditions.

c. Snow. Snow m ay be m elted and used for 
w a te r  supply. (See F igure 2D 2-1.) This method, 
how ever, requires more effort th an  m elting ice and 
is less desirable. The q u an tity  of snow in many 
places is rela tively  small except w here snow has 
d rifted . Barricades m ay be placed so as to  cause 
d r if tin g  and accum ulation  of snow for w a te r  sup­
ply. There is usually  d ir t , silt, and organic m a­
te ria l mixed in w ith  the snow where it  has d rifted .

d. Surface W ater Supply Intake Facilities. 
Special provisions m ust be m ade to  p ro tec t in take

w orks for surface w a te r  supplies in  the  A rctic . 
F razil ice and solid ice w ill form  and  com pletely 
choke in take w orks if  adequate  p ro tection  is no t 
provided to  re ta in  the  hea t of the w a te r  or if 
facilities are no t provided to  keep the  w a te r  
thaw ed a t the in take. W ate r a t  several A laskan 
surface sources has been foun d  to  be 32° F d u rin g  
w in ter and not m ore th an  37° F d u rin g  sum m er. 
Location of an in take  a t a po in t 10 or 12 feet be­
low the m inimum level of the  su rface  of th e  source 
body of w ate r facilita tes p ro tection  of the  in take. 
Such an arrangem ent does no t give com plete p ro ­
tection for the in take  w orks, because tu rb u len ce  
created a t the en trance  of the in tak e  m ay cause 
unnecessary cooling of w a te r  a t  the  in tak e  and the 
form ation of anchor or f raz il ice, p a r ticu la r ly

SNOW  TANK

PRESSURIZED FUEL TANK WATER OUTLET VALVE

BURNER

FIGURE 2D2-1
Sn o w  Melter, 75-Gal/H r
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d u rin g  the early  freezing stages of the w in ter. In ­
takes are  sometimes fitted  w ith  steam lines and jets 
a rran g ed  so th a t  w a te r  a t the in take may be 
heated  and  the form ation  of fraz il ice prevented.

W here w a te r-b ea rin g  soil, sand, or gravel exists 
u n d er the  body of w a te r  from  w hich the supply is 
to  be tak en , i t  is possible to  use a subsurface in ­
tak e  w orks. A nchor ice and accum ulated organic 
m ate ria l a t  th e  bo ttom  of a lake m ay necessitate 
special m eans fo r  opening up the bottom  of the  
body of w a te r  so th a t  a subbottom  perforated  in ­
tak e  m ay be used to  u tilize  stored w a te r as well as 
u n d erg ro u n d  flow to  the lake. Deposits of organic 
m ateria l, m ud , and  sim ilar m a tte r  in the bottom  
of bodies of w a te r  sometimes act as a check valve, 
w hich perm its g ro u n d -w a te r  inflow b u t not o u t­
flow from  the  body of w a te r  in to  the aquifer or 
an  u n d erg ro u n d  collection system. In tak e  open­
ings should no t be placed d irectly  on the bottom  
of a lake o r o ther body of w a te r, because freezing 
of the  up per po rtion , as well as norm al settling, 
con cen tra te  fore ign m ateria l a t this point. Because 
m ost of the lakes and ponds in the A rctic  are shal­
low, special in tak e  facilities m ust be constructed  
th a t  aré no t affected by low tem peratu re  and th a t 
also do no t collect fore ign m ateria l from  the bo t­
tom  of the lake or pond.

2. SURFACE W A TER. Rivers receiving w ate r 
from  subperm afrost sources and entrapped w a te r  
from  extensive areas m ay flow continuously a t 
points w here the dep th  of channel, flow ch arac te r­
istics, and  q u a n tity  of flow are sufficient to  offset 
tendencies to  freeze. There are com paratively 
few  rivers th a t  a re  large  enough to  maintiain an 
appreciable flow th ro u g h o u t the year. U tiliza­
tion  of w a te r  from  rivers in- the perm afrost region 
is com plicated no t only by such bodies of w a te r  
freezing  solid in  some places b u t also by the form a­
tion of f raz il or anchor ice.

Shallow su rface  sources are no t p ractical w hen a 
continuous supply  of w a te r  is needed. Seasonal ice 
is ra re ly , if  ever, m ore th an  6 to 8 feet deep in 
su rface  w a te r ; the  m ajo rity  of surface sources are 
only a few  feet deep and m any of them  freeze 
solid. M oreover, th ey  m ay be physically unsatisfac­
to ry  w ith o u t tre a tm en t.

In  helping to  locate appreciable quantities of 
subperm afrost w a te r  flowing in to  a w atercourse 
(F igu re  2 D 2 -2 ), checks can be m ade a t in tervals 
dow nstream  on the tem p era tu re  and general phys­
ical and  chem ical characteristics of the w ater.

The la ten t hea t of fusion from  en trapped  ground 
w a te r  m ay be sufficient to  p reven t a riv e r source 
freezing. The q u a n tity  of entrapped  w a te r, how ­
ever, m ay be qu ite  lim ited, and in this case the 
rive r source can no t be depended on unless there 
is also subperm afrost or spring w a te r  flowing in to  
it.

R elatively deep lakes, w hich do no t freeze to  the 
bottom , usually  receive a considerable am ount of 
en trapped  w a te r  and  freq uen tly  receive subperm a­
fro st or artesian  w a te r. They can serve as a con­
tinuous source. Shallow lakes receiving a large 
supply of en trapped  w a te r  (F igure 2D 2-3) can be 
used as a lim ited source. The g reat proportion of 
ice to  un frozen  w a te r  in a pond or lake no t fed 
w ith  considerable quan tities of entrapped  w a te r  
or from  subperm afrost sources m ay m ake the qu an ­
ti ty  of stored w a te r  u n der the ice insufficient fo r 
supplying dem ands fo r an extended period.

3. SEA W A TER.
a. Distillation. In  coastal areas, sea w a te r  

can be m ade usable d u rin g  the sum m er m onths by 
norm al d istilla tion  m ethods. W interiza tion  of this 
equipm ent w ould  m ake the source available d u r ­
ing the w in te r. (R ef. 73.)

b. Fresh-Water Layers on Salt W ater. In  
sum m er, if  conditions are favorable, fresh  w a te r  
m ay be found  in open leads in the sea ice. This 
fresh w a te r, consisting of a layer up  to 10 feet th ick  
on top of the denser sa lt prater, is found w hen the 
surface  of the sea is m ostly frozen so th a t  w inds 
can no t cause w ave action. The w a te r  in the leads 
stays fresh u n til a f te r  the freezing s ta r ts ; i t  is 
then possible to  c u t th ro u g h  12 to 18 inches of new 
ice and get fresh  w a te r. As w in te r advances, the 
m ovem ent of ice causes the fresh w a te r  and salt 
w a te r  to  m ix, b u t the ice form ed on these leads 
in the fa ll is still a source of fresh w a te r. Fresh­
w a te r  creeks a t the heads of inlets sometimes dis­
charge enough fresh  w a te r  to  m ain tain  a layer on 
top of the sa lt w a te r  in  the inlets. This fresh 
w a te r  freezes first, w ith  the resu lt th a t  in w in te r  
the ice in the in le t consists of an upper layer of 
fresh -w ate r ice and  a low er layer of sa lt-w a te r  ice. 
A dditional fresh w a te r  is form ed w henever the 
creek floods the frozen in let. (Ref. 73.)

4. G R O U N D  W A TER. The follow ing points of 
n a tu ra l  topography  are indicative of the possible 
availab ility  of g rou nd  w a te r.

( 1 ) W ide, shallow , exposed channels, glacial 
stream s, or a lluv ia l fans.

2-197



3

2

1.00

0.60

0.50

0.40

0.30

0.20

0.10

1-
I
o
UJ
^  0.05 

^  0.04

w
Ï  0.03 
aLU</>

Z  0.02UJ
UocUJa.

A A1

—
 

IO
 

W
 

£
 

Oi
 

0>
 

1 
I

O
W

8
 

8
8

8
8

8
 

g
 

8
8

o
 

o
 

o

SE
D

IM
EN

T
 L

O
A

D
 

IN
 T

H
O

U
SA

N
D

S 
O

F 
T

O
N

S 
PE

R 
M

O
N

T
H

i
/

/
/

\

v / sEDW ENT LOAD

___
^

_____

1
1
i
1
1
1
1

\

\
\
\
V /

/✓
/

✓
f

i
N

\
\
\1 1 \ / i 4*A ■ /

p 1 / i / 1 ; i
\ / i 1

1 •1/ i
i 1 »

1
r%  
1 1

1
i

i
i

1
1

it
[ i

i
\

i
1" i

\ i \ ) \
f

\ j r \
»V 1

1
<A V

/
/ V

\ / L / \
\ / \ / \ s \\ / \ A \ A '

V r \ / \ \J\ \\ i >"A“V J J Z
PEIiCENIT SEEDIMf■ NT'

/
1 )

D
IS

C
H

A
R

G
E 

IN
 T

H
O

U
SA

N
D

S 
O

F 
C

U
 

FT
 P

ER
 S

EC

D
o

g
ë

è
o

o
â

o
o

 
*

onA yu7 \/
/ \ j / \ \ o0

/ « i / \ 1 \ * /*
//

1
j i f 1

t
1 \

/u

/ \ / it / 1 i i
60; V / % / 1 t

! i t luL J 50 §
WATER ll>ERA1fURE

40 m4 * U  U J

' O A  U J

DISCHARC' C
JU/ AAv 20

1 AIU
n

1943 1944 1945 1946 1947

FIGURE 2D2-2
River Temperature, Sedim ent, and  D ischarge

2-198



(2 )  Slopes a t  o r near the foot of a m ountain 
or hill w here  m ovem ent of ground  w a te r down the  
slope m ay be in tercep ted .

( 3 ) Locations im m ediately dow nstream  from  
poorly drained  areas, such as m uskeg swamps, 
w hich, because of heavy  vegetative cover, m ay 
con tinue d ra in ing  th ro u g h o u t the w in ter.

(4 ) A ny sudden reduction  in n a tu ra l chan­
nel g rad ien t and  b read th  in such a w ay th a t the  
constriction  w ould  ten d  to accum ulate ground 
w a te r.

a. Salt-W ater Infiltration . Wells located on 
islands and  near coastal areas m ay be sources of salt 
w a te r  only, or they  m ay yield salt w a te r  as a resu lt 
of excessive pum ping  th a t  lowers the ground- 
w a te r  tab le  and  allow s in filtra tion  of sea w ater. 
Salt w a te r  has been foun d  in  exp lo ratory  oil wells 
in  the  in te rio r  of C anada near G reat Slave Lake. 
(R ef. 73.)

b. Drilling for Ground W ater. G round- 
w a te r  investiga tive  w o rk  has been carried  on re ­
cen tly  in A laska by th e  US Geological Survey. 
O. J . C edarstrom  of th e  Geological Survey has made 
the  follow ing com m ents concerning this w ork.

( 1 ) Permafrost Drilling. The Geological 
Survey has considered the techniques and prob­
lems of perm afro st d rilling  since 1947 a t w hich 
tim e deta iled  studies in  the F airbanks area w ere 
in itia ted . In  th a t  a rea  w e even tually  drilled sev­
e ra l te s t holes in  frozen  ground  and developed

w a te r  from  them . Subsequent years we drilled 
a deep tes t hole a t  K otzebue w here the fro st 
was colder and th ick er th an  i t  is a t Fairbanks.

D rilling  by the  cable tool m ethod in perm a­
fro s t presents no difficult problem  and, in fac t, 
m any drillers in  the gold fields claim  th a t  d rill­
ing in  frozen g rou nd  is easier and perm its more 
rap id  progress th an  drilling  in thaw ed  ground. 
A lluv ial m ateria l is re fe rred  to  by these drillers 
and I believe th a t  if  consolidated rock m ateria l 
w ere considered, li ttle  o r no difference between, 
frozen and  un frozen  g round  w ould  be ex­
perienced.

(2 ) Open Hole Drilling. In  d rilling  
frozen alluv ium , drillers m ake open hole o r­
d inarily  fo r  m any tens of feet before se tting  cas­
ing. T hus the process is speeded up . W here 
fro s t tem pera tu res are only a little  below freez­
ing, or a t the freezing point, some difficulty is 
experienced w ith  the  sides of the hole m elting 
and sloughing in , and  in  such instances a hole 
m ust be cased as progress is made. A nother diffi­
cu lty  in m aking open hole is th a t  d rilling  is done 
using a m inim um  of w a te r  (in order to  minimize 
m elting) and w hen th aw ed  g rou nd  is reached 
there  is a d istinct tendency for w a te r  and sand 
to  ru sh  in  and fill u p  th e  hole to  s ta tic  w a te r  
level.

This could be avoided by casing and drilling  
w ith  a hole fu ll of w a te r  as the thaw ed  zone is
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approached. In  m any instances thaw ing  of the 
w alls is re ta rd ed  by using snow instead of w ater 
in  the hole. T he snow offsets the heat generated 
by drilling  and inhibits w all m elting.

In  drilling  frozen sandy g round , the w ear of 
bits is „ very  high and heavy drilling  projects in 
frozen a lluv ium  m ust have good facilities for 
freq u en t b it dressings.

( 3 ) freezing of Casing. W here the frost 
is appreciably colder th an  32° F, there  m ay be 
real difficulty in the  tendency of the casing to 
freeze to  the w alls. A t K otzebue we in troduced 
steam  to m elt the  side w alls (c ircu la tin g  hot 
w a te r  in sm aller d iam eter lines w ould  have been 
easier and m ore successful, I believe) b u t i t  was 
found  la te r  th a t  the b e tte r  technique w as ;to 
keep the job operating  as nearly  continuously as 
possible and to  keep the casing m oving a t  fre ­
q u en t in tervals. By so doing the casing tends to 
rem ain free and  th ere  is only a little  tendency 
fo r freezing in  to  occur. To move casing either 
up  or dow n a f te r  a period of idleness, even 
w hen the fro s t is no t very  cold, a p re -thaw ing  is 
alm ost ce rta in ly  necessary to  free the  casing 
from  the w alls. A fte r  the  p re-thaw ing , pre­
sum ably th e  casing should be kep t in motion 
p re tty  m uch  and fu r th e r  hea t should no t be 
in troduced .

(4 ) Freezing of Sludge. In  d rilling  the 
colder perm afrost there  w ill be a tendency for 
the sludge to  freeze. This tendency can be 
avoided by in trodu c in g  common sa lt w ith  the 
drilling  w a te r . A t K otzebue w e in troduced  hot 
w a te r  w ith  o u r bailer.

W kere w a te r  is encountered  below very  cold 
perm afrost and  rises in  the  hole, freezing of the 
w a te r  inside the casing w ill occur in a very 
sho rt time. A fte r  a sho rt period of idleness this 
ice can be drilled  o u t r a th e r  qu ick ly  w ith  only a 
little  loss o f tim e. I t  m ight be b e tte r  technique 
in such instances to  m ake th e  w a te r  very  saline 
by in trodu c in g  rock sa lt o r whole packages of 
sa lt to  th e  bo ttom  of th e  hole d u rin g  the  course 
of drilling.

A t Fairbanks, w here the f ro s t is no t very  cold, 
only a li ttle  difficulty is experienced w ith  pro­
duction  wells freezing. I t  is generally found 
th a t  using th e  w ell reg u la rly , and this applies 
even to  tw o-inch  d iam eter wells, is sufficient! to 
keep the w ell open. W hen such wells do freeze, 
they  can be th aw ed  o u t by  in trodu cin g  salt, by

steam ing, or by  in trodu c in g  ho t w a te r. Steam 
ou t w ith  a boiler fo r a period of 8 hours o r so is 
generally sufficient to  keep th e  w ell from  freez­
ing fo r a period of years.

W here the fro s t is colder, real difficulties m ay 
be experienced in  keeping wells from  freezing. 
We know  little  or no th ing  abo u t this problem . 
I t  is suggested th a t  use of resistance w ires, con­
tinuously operated  steam  lines, or con tinuous 
pum ping m ay be necessary in  o rder to m ain ta in  
the wells. P robab ly  i t  w ou ld  be desirable to  
steam ou t such a very  cold w ell very  th orou gh ly  
by boiler or otherw ise fo r  a period of weeks or 
even m onths to  d rive  the  fro s t back from  the 
casing. In  such an  operation  th ere  w ould  be a 
tendency for th e  area  a roun d  the casing to  
slump unless the  m ate ria l w as h a rd  rock  o r some­
th ing  like g ravel hav ing  v ery  little  free ice or 
organic con ten t. P resum ably  i t  w ould  be m ost 
desirable to  th a w  before bu ild ing  a perm anen t 
pum p house. In  F airbanks there  are a large 
num ber of sm all-d iam eter wells th a t  have been 
drilled by a d rive  je t process . . . .  The 
drive pipe consists of tw o-inch  pipe w ith  a cone- 
shaped point. J u s t  above th e  po in t the tw o-inch  
pipe is pe rfo ra ted  w ith  10 to  20 holes abo u t one- 
eighth inch in  d iam eter. The po in t is g rou nd  off 
to  perm it passage of a one-half inch th a w  line. 
D uring  the course of d rilling  in  frozen ground , 
the th aw  line is w orked  ahead of the drive  point 
and m elts o u t an  area  big enough to  p erm it sub­
sequent d riv ing  of the tw o-inch  line. D u rin g  the  
driv ing  o f .th e  tw o-inch  line, the  one-half inch 
th aw  line is re tra c te d . [See F igure  2D 2-4 .]

(5) D rive-Jet Method. Holes to  a dep th  
of alm ost 200 feet, passing th ro u g h  as m uch  as 
160 feet of frozen  g rou nd , have been con struc ted  
by drive-je t. P rogress is fa s t fo r the firs t 75 
feet or so, b u t a t  g rea te r  dep th  as little  as tw o  
or th ree  feet a day  m ay be m ade. Pounding of a 
tw o-inch line w ith  a lig h t w eigh t is a severe 
s tra in  and is possible only because the couplings 
are ream ed and  th e  pipe ends form  b u t t  jo in ts.as 
invariab ly  used in  cable tool d rilling .
D rive-je t m ethods are  no t sa tisfac to ry  in  g round  

containing boulders, b u t  such m ethods are eco­
nom ical and easy w hen used in fine alluv ium . 
N O T E : For the ro ta ry  d rill m ethod, see par. 9 of 
2A2.03.

; c. Suprapermafrost Sources. S upraperm a- 
frost w a te r  supply o r g ro u n d  w a te r  from  above
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th e  perm afrost is ir re g u la r , and qu ite  often such 
sources d isappear a ltogether before the end of 
w in te r. This is p a r tic u la r ly  tru e  in areas where 
th e  seasonal fro s t extends down to the perm afrost. 
In  th e  S ubarctic  and  sou thern  sections of the 
p erm afrost region, shallow layers of thaw ed 
g rou nd  m ay exist con tinuously  above the perm a­
fro s t, and  w ith  ap p ro p ria te  soil type these layers 
serve as an  aq u ife r  fo r supraperm afrost w a te r 
supplies. These supplies are generally poor pro­
ducers and  can  no t be depended on w hen any 
g rea t am ount o f w a te r  is needed.

For several reasons, th e  safe ty  of supraperm a­
fro s t supplies is high ly questionable. They are 
ra re ly  m ore th a n  10 to  20 feet deep and receive 
w a te r  from  th e  con tam inated  zone of the subsoil. 
Cesspools and  o ther w aste  disposal facilities are 
usu ally  placed a t  ab o u t th is same depth to  avoid 
seasonal f ro s t and  y e t n o t be in perm afrost. H eat 
losses from  houses ten d  to  th aw  the perm afrost 
u n d er them  and  cause fo rm ation  of a sump in the 
top of the  perm afrost. [See Figure 2D 2-5.]

G round  w a te r  from  above the perm afrost is 
u su ally  ob ta ined  by bored, dug , and driven wells 
o r  by in filtra tio n  galleries.

d. Intraperm afrost W ater. E ntrapped w ate r 
o r a rtesian  w a te r  foun d  w ith in  the perm a­
fro s t is called in trap e rm afro s t w a te r. In trap erm a­
fro s t w a te r  supplies are ra re  except in the southern

portion  of th e  area of perm anently  frozen ground . 
F igure 2D2-6 illu stra tes  diagram m atically  the d if­
fe ren t occurrences of subsurface ground w a te r  in a 
perm afrost region. In  the foothills of m ountain  
ranges, ' w here geological form ations and perm a­
fro s t exist in such a fashion th a t subperm afrost 
w a te r  m ay be forced up  in to  the perm afrost by 
hydrosta tic  pressure, in trap erm afro st w a te r  m ay 
be found  in f a u lt  zones of the perm afrost. This 
w a te r  is no t stable, and in tim e the supply m ay be 
exhausted or m ay come th ro u g h  the perm afrost 
and appear as sup rap erm afro st or subperm afrost 
w a te r. In trap e rm afro s t supplies, w hich can be 
tapped by using drilled  or thaw ed and je tted  wells, 
m ay be likened to  w a te r  supplies in fissured lime­
stone. They differ g rea tly  in q u an tity  and safety.

e. Subpermafrost W ater Supplies. Subper­
m afrost w a te r, a lthough  i t  is the most prom ising 
fo r continuous A rc tic  w a te r  supply, is difficult to  
locate, costly to  develop, and m ay be highly m in­
eralized. The supply w ill probably be com para­
tively  w arm  because of the dep th  a t w hich i t  is 
found ; i t  is, therefo re , less liable to  freeze in the 
supply system. The fo u r  types of subperm afrost 
w a te r  are a lluv ia l, bedrock aqu ifer, fissure, and 
k a rs t. (R ef. 73.)

(1 ) A lluvial. A lluv ial w a te r  m ay be 
found  below the  perm afrost in broad river valleys 
w here the a lluv ia l deposit is very  th ick  and  the
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depth  of the deposit extends below the perm a­
frost. I t  is found  a t the  foot of r iv e r valley slopes 
th a t  face sou th  o r are so alined th a t  they receive 
considerable solar heat. (R ef. 73.)

(2) Bedrock A quifer . A bedrock aqui­
fe r tapped by a w ell m ay be used as a w a te r  source. 
The best location is generally  the cen ter of a s tru c ­
tu ra l  depression. The w ell should be drilled  deep 
enough to tap  the w a te r-b ea rin g  s tra ta  below the 
perm afrost and produce reasonably w arm  w ater. 
The probable yield of a w ell drilled in an  aqu ifer 
should be estim ated ca re fu lly , because the supply 
of w a te r  perco la ting  in to  the w ate r-bearin g  s tra ta

m ay be decreased by th e  action  of the perm afrost. 
(Ref. 73.)

(3 ) Fissure. W ate r in o rd inary  fissures 
produced by w ea therin g , o r in the  deeper fissures 
produced by tecton ic action , can be ob tained by 
sinking wells. Before a w ell is sunk, a ca re fu l 
s tu dy  m ust be m ade of th e  n a tu ra l  seepages and 
springs, as w ell as of th e  s tru c tu ra l  and geomorphic 
features of the area . F avorab le locations fo r fissure 
w a te r  are found  along f a u lt  zones, dikes, in t r u ­
sions, and s tra tig rap h ic  con tacts. The bases of 
slopes in fissured areas, especially those w ith  south-
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B— GROUND WATER WITHIN THE PERMAFROST (INTRAPERMAFROST WATER) 
C— GRO UND  WATER BELOW THE PERMAFROST (SUBPERMAFROST WATER) 

C i— WATER IN SOLUTION CHANNELS (KARST WATER)
C2— WATER ALO NG  A FAULT FISSURE (FISSURE WATER)
C 3— WATER IN A  POROUS LAYER IN BEDROCK (AQUIFER)
C4— WATER IN BEDROCK JOINTS (FISSURES) (FISSURE WATER)
C 5— WATER IN ALLUVIAL DEPOSITS (ALLUVIAL WATER)

----------------------- DEPTH OF WINTER FREEZING (BOTTOM OF ACTIVE LAYER'
--------------------♦  WATER PERCOLATING THROUGHOUT THE YEAR
------------------ - WATER PERCOLATING ONLY DURING THE W ARM SEASO N
SPRING A— WILL CEASE FLOWING IN THE WINTER 
SPRING B— WILL PROBABLY FLOW THE YEAR AROUND

CLAYEY AN D  SILTY GROUND GRAVELLY GROUND

SANDY GROUND f  ~  "I " l LIMESTONE

PERMAFROST

FIGURE 2D2-6
Occurrences of G round  W ater in Perm afrost Region  (Ref. 211

e ra  exposures, a re  th e  m ost common locations for 
sources o f th is type. (R ef. 73.)

(4 )  Karst. K ars t w a te r  is found  in  areas 
o f lim estone and  dolom ite. The w ater-bearin g  
channels m ay be v ery  ir re g u la r  and m ay occur a t  
any  dep th  below  th e  perm afrost. A care fu l study

should be m ade to  determ ine the source of replen­
ishm ent of the  supply and its  u ltim ate  constancy 
as a w a te r  source. (R ef. 73.)

P erm afrost has been reported  to  extend to  a 
dep th  of w ell over 1,000 feet a t  some points in the 
A rc tic , and  pervious s tra ta  below th is point are

2-203



not readily charged w ith  ground  w a te r. Several 
sa tisfacto ry  subperm afrost test wells have been 
drilled a t Fairbanks, A laska. The w arm est w ater 
m ay be found some distance below the low er limit 
of perm afrost, and such sources should be utilized 
w herever possible.

O verpum ping or underpum ping a w ell in perm a­
frost m ay resu lt in freezing. Excessive pum page 
m ay freeze the aqu ifer and possibly change local 
hydrology; insufficient pum ping perm its w a te r  to 
freeze in the casing. The US Geological Survey 
Water Supply Paper 140 discusses the effect of 
tem p era tu re  on percolation. Movement of ground 
w a te r  th ro u g h  a w ater-bearin g  s tra tu m  is slower 
a t  low tem peratu res th an  a t m oderate tem pera­
tu res, and the yield from  a given type of aqu ifer 
m ay be appreciably less under low -tem peratu re 
conditions.

W ell casings should be firm ly anchored in perm a­
fro s t and con struc ted  so th a t  seasonal freezing of 
the su rround ing  soil does not disjoint, crush , or 
otherw ise destroy the casing.

I t  has been recom m ended th a t  fill around  cas­
ings be sand or gravel to  minimize cohesion of the 
seasonally frozen soil around  it. Puddled clay may 
freeze to th e 'cas in g  and dam age it. This type of 
construction  enhances thé possibility of contam ina­
tion of the w ell by surface  drainage. Wells should 
be located in a heated s tru c tu re  to minimize sea­
sonal frost dam age and to  preven t dam age caused 
by cold air. H ow ever, wells should not be placed 
in pits because such an arrangem ent m ay d istu rb  
the therm al regime of the ground  excessively, as 
well as increase the possibility of contam ination. A 
large-diam eter casing and continuous m oderate 
pum ping are helpfu l in p reven ting  freezing of a 
well th ro ug h  perm afrost.

2D2.02 WATER SUPPLY NEEDS

A lthough w a te r  supply needs fo r individuals and 
small detachm ents m ay be slightly  higher under 
A rc tic  conditions, w a te r  supply for m edium-sized 
and large detachm ents a t advanced bases w ill not 
m aterially  differ from  needs in tem perate climates. 
Im properly designed or operated systems m ay re ­
su lt in excessive use of w a te r  th ro ug h  bleeding of 
ou tlets to p reven t freezing. This p ractice is w aste­
fu l and unnecessary if facilities are designed, con­
s tru c ted , and operated properly. The following 
figures are sufficiently accu ra te  to  give general ap­

proxim ation of w a te r  supply needs a t advanced 
bases in low -tem pera tu re  regions.

(1) Individuals and sm all detachm ents— 1 
g a l/m a n /d a y  d u rin g  com bat periods no t to  exceed 
3 days.

(2) Individuals and sm all detachm ents— 3 
g a l/m a n /d a y  in bivouac.

(3) T em porary or sem iperm anent camps— 25 
g a l/m an /d ay .

In addition to  the d istilla tion  and purification  
units provided fo r small and m edium -sized de tach ­
ments, for operations u n d er lo w -tem pera tu re  con­
ditions, snow -m elting un its  should be provided. 
Consideration m ust also be given to  the necessity 
for proper shelter fo r all un its, w hich m ust be 
designed and con struc ted  fo r use un der low -tem ­
pera tu re  conditions. W ate r purification  un its, fo r 
example, which are designed fo r w a te r  tre a tm en t 
under tem perate clim ate conditions, are no t su it­
able for operation or storage un der low -tem pera­
tu re  conditions. Porous tubes are dam aged by 
extrem ely low storage tem p era tu res, and m oving 
m etal parts  m ust rem ain usable even th ou gh  they  
are subjected to  d irec t flame d u rin g  thaw ing .

W ater supply needs fo r large detachm ents are 
accomplished in a sim ilar m anner except th a t  more 
and larger un its  of equ ipm ent, such as the d ia t- 
omite filter, d istilla tion  u n it, hypochlorination 
un it, and snow -m elting u n it, are used. W ater sup­
ply for fixed installations, should be planned and 
constructed  to  u tilize  sem iperm anent or perm a­
nent-type sources and m ethods. Snow m elters and 
distillation un its are generally  not the m ost effi­
cient means fo r  perm anen t solution of w a te r  
supply.
2D2.03 CHARACTERISTICS OF WATER

1. PHYSICAL. T horough  understan d in g  of 
certa in  physical charac teristics of w a te r  a t a tem ­
pera tu re  near the freezing point is .necessary for 
fu ll appreciation of p recau tio n ary  m easures neces­
sitated in planning , co n stru c tin g , and operating  
w ate r and sewage . w orks in low -tem pera tu re  
regions. F igure 2D 2-7 shows the relation  between 
tem peratu re  and viscosity in w a te r. For this dis­
cussion, it is assum ed th a t  lo w -tem pera tu re  ch a r­
acteristics of w a te r  are equally  applicable to w a te r  
and sewage, a ltho ugh  it  is recognized th a t  dis­
solved salts, solids, and organic m ateria l, as well 
as some other item s, m ay have a slight effect on the 
characteristics of the  fluid.
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ABSOLUTE VISCOSITY IN CENTIPOISE

F IGU RE 2D2-7

Relation Betw een Temperature and Viscosity 
in W ater (A fte r B ingham  and Jackson l

P roper precau tions m u st be tak en  to  minimize 
supercooling of bo th  w a te r  and sewage under low - 
tem p era tu re  conditions, and adequate provision 
m ust be m ade fo r con tro l of fraz il ice if i t  forms.

F igure 2D 2-2 shows the  effect of tem peratu re  
on the load of suspended m ateria l th a t  m ay be c a r­
ried  by w a te r. A lth oug h  these, d a ta  relate  to the 
silt load of w a te r , they  are indicative of glacial 
silt loads th a t  m ay be found  in some Subarctic 
w aters.

2. CHEM ICAL. A large am ount of da ta  on the 
analysis of A rc tic  w a te r  has been gathered and 
collated in  th is p a rag rap h . I t  has been assumed 
th a t  these d a ta  are  reasonably representative of the 
w a te r  found  in the specified regions; w ith o u t such 
an  assum ption no conclusions could be draw n. The 
va lid ity  of th is assum ption can not be determ ined 
by the d a ta  a t  han d , b u t a fa ir  consistency w ith in  
the regions is noted.

I t  m ust be rem em bered th a t  the da ta  are selected, 
th a t  is, they represen t fo r  the most p a r t w a te r  
found  to  be suitab le  as w a te r  supplies w ith o u t 
tre a tm en t or w ith  only the more usual forms of 
trea tm en t. T here are m any w a te r  areas so ob­
viously unsu ited  fo r w a te r  supply th a t no analyses 
have ever been m ade. Also, fo r exam ple, there are 
num erous ho t springs in  sou thern  and cen tra l 
A laska fo r w hich  analyses are available b u t are no t 
included. These springs are of no in terest as po­
ten tia l w a te r  supplies because of high tem p era tu re  
and m ineralization .

W ith  these lim itations in m ind, the follow ing 
general conclusions are d raw n . (Ref. 74.)

(1 ) S urface  w a te r  of the no rthw est C ana­
dian A rc tic  and  n o rth e rn  and  cen tra l A laska differs

from  the supplies usually  selected in the continental 
U nited  States by only one fea tu re , the possession of 
ra th e r  high pH  values.

(2 ) This fac t, together w ith  the low tem ­
p era tu res of such w a te r, tends to reduce the effi­
ciency of disinfection procedures using chlorine 
and its com pounds, and presum ably most o ther dis­
in fecting  agents th a t  m ight be employed. The 
difficulty is no t an insurm ountable one, b u t i t  is 
obvious th a t  g rea te r  care m ust be tak en  in dis­
infection procedures.

( 3 ) Considerable silt m ay be present in the 
la rg er A rc tic  rivers d u rin g  the w arm  m onths, 
necessitating coagulation  and filtra tion  if  they are 
to be used as w a te r  supplies.

(4 ) G round  w a te r  of the no rthw est C ana­
dian A rc tic  is ra th e r  un sa tisfac to ry ; th a t  of n o rth ­
ern  A laska appears to  be som ewhat b e tte r b u t is 
no t en tire ly  sa tisfac to ry  in all cases.
2D2.04 WATER TREATMENT

The need fo r app ropria te  trea tm en t of A rctic  
w a te r  supplies to  render them  physically and bac- 
teriologically sa tisfac to ry  is com parable to such 
needs in tem perate  clim ates. A lthough the p rin ­
ciples involved appear to  be the same in the A rctic  
as elsewhere, the physical features of w a te r  t r e a t ­
m ent un der lo w -tem pera tu re  conditions m ay d if­
fer slightly  a t  several points. .

1. A ER A TIO N . U nder low -tem peratu re  con­
ditions, the viscosity of w a te r  is relatively  high, 
and aeration  is m ore difficult and no t as effective as 
it  is w ith  w a te r  a t  higher tem peratures. The 
ae ra to r should be con struc ted  as com pactly as pos­
sible, and provision should be made fo r heating  the 
a ir  as required . D iffusion-type aeration m ay have 
some advan tage in  A rc tic  installations.

2. M IX IN G  OF CHEMICALS. M ixing cham ­
bers and m ixing are affected by tem pera tu re , and 
design and operation m ust tak e  this in to considera­
tion  fo r sa tisfac to ry  resu lts. Presum ably, a change 
in  electrochem ical phenomena under low -tem pera­
tu re  conditions causes m ore rapid  , form ation of 
small floe. H ow ever, add itional m ixing beyond 
w h a t is norm ally requ ired  is necessary to  consoli­
da te  the floe and to  secure its proper settling  
(F igure  2D 2-8). I t  is recommended th a t  the 
norm al m ixing tim e of from  10 to  30 m inutes be 
alm ost trip led  w hen w a te r  a t  tem peratu res from  
32° to 38° F is bèing trea ted . Both rap id  and slow 
m ixing should be increased fo r bèst results. In  cer-
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ta in  instances, i t  m ay be desirable to  increase tbe 
q u an tity  of coagu lan t to  secure proper floe form a­
tion in m inim um  tim e, b u t efficient design should 
m ake this unnecessary.

A rctic  w a te r  tre a tm en t deals w ith  w a te r  a t  ap­
proxim ately its m axim um  density, and the ease 
w ith  which com plete m ixing is obtained is some­
w h a t different from  th a t  fo r tem perate  clim ate 
operation. ,

3. SED IM EN TA TIO N . Sedim entation in A rc­
tic w a te r tre a tm en t theoretica lly  is slowed greatly  
by the increased viscosity of the w a te r  a t  low tem ­
peratu res (F igure 2D 2-9). Aside from  unusual, 
circum stances, sedim entation cham bers should be 
designed fo r operation a t  32° to  3 5 ° F  and prob­
ably should provide capacities of from  IV2 to  2 
times th a t  provided fo r operation in  tem perate 
climates.

4. USE OF CHEMICALS IN  A R CTIC RE­
GIONS. Use of chemicals, u n d er A rc tic  conditions, 
requires a know ledge of ce rta in  changes th a t  occur 
a t low tem peratu res. In  general, p rac tica lly  all

chemicals reac t m uch slow er a t  tem p era tu res near 
freezing th an  they  do a t  norm al tem peratu res. 
B etter m ixing and  longer reaction  times are  neces­
sary fo r proper effect. F requen tly , chemicals m ust 
be added in excess to  p rocu re  the desired resu lts 
w ith in  a reasonable period of tim e. J a r  tests and  
laborato ry  tests a re  h igh ly  desirable fo r efficient 
operation u n der m ost conditions; they  are even 
more desirable u n d er A rc tic  conditions.

C ertain  difficulties are  experienced w ith  chlo­
rine in cold w a te r  and  u n d er lo w -tem pera tu re  con­
ditions. From 32° to  slightly  over 49° F, chlorine 
hy dra te  form s, rem oving th e  chlorine . from  solu­
tion. A t 32° F th ere  is p rac tica lly  no chlorine in 
solution. Gaseous chlorine containers should be 
located in an isolated room  th a t  is heated to  a u n i­
form ly w arm  tem p era tu re  to  keep the ch lorination  
apparatus w ork ing  properly . The gasing ra te  is 
reduced w ith  tem p era tu re  low ering, b u t g rea t care 
m ust be tak en  to  p rev en t overheating  gaseous 
chlorine containers.

The application of chlorine to  overheated  w a te r

PERCENT FLOCCULATED MATERIAL SETTLED IN 4 HOURS

FIGURE 2D2-8
Relation Betw een Time of M ix ing, Temperature, and Rate of Settling  I A fte r Baylisl
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g ro u n d -w a te r supplies. I t  appears th a t  lowered 
tem pera tu res m ay ten d  to  reduce the m axim um  
ra te  of softening to  som ew hat below the usual 75 
to  120 gallons per square foot of zeolite surface. 
T em peratu re  is very  im p o rtan t in lime softening. 
Less calcium  and m agnesium  stay  in solution a t 
high tem peratu res th an  a t low tem peratu res.

7. CORROSION CO NTRO L. Corrosion con­
tro l in rec ircu la ting  w a te r  d istribu tion  systems 
w ould  not norm ally present a serious problem . The 
systems are usually  designed and constructed  to 
u tilize in su la ting  nonferrous m aterials not readily  
a ttack ed  by corrosive w a te r. Chemical action is 
also re ta rd ed  by low tem peratu res.

M etal piping, how ever, is usually  used in u tilido r 
systems, and u n der such conditions corrosion prob­
lems in the A rctic  do no t differ from  sim ilar p rob­
lems elsewhere.

8. O TH E R  M ETHODS OF W ATER T R E A T ­
M ENT. The hand-pum ping k it-ty p e  purification 
u n it (F igure 2D 2-11) is suitable only a t tem pera­
tu res above freezing ; the filter becomes clogged 
w ith  ice and the en tire  u n it w ill freeze a t low 
tem peratu res. I t  m ust be rem em bered th a t chemi­
cals are m ost effective in w arm  w a te r  and the 
Lyster bag (F igu re  2D 2-12) m ust be used in a

resu lts in inefficient use of the chlorine, and care 
m ust be tak en  to  p rev en t the  in troduction  of chlo­
rine near a condensate line or o ther heating means 
th a t  m ay raise the tem p era tu re  of the w a te r con­
siderably above norm al. For the most effective use 
of chlorine, the w a te r  to  be trea ted  should be about 
50° F.

5. R A PID -SA N D  A N D  DIATOMACEOUS 
E A R TH  F IL T R A T IO N . Rapid-sand filters, or dià- 
tom aceous e a r th  filters, appear to  be the most p rac­
tica l filtering  m eans fo r low -tem peratu re  opera­
tion. R apid-sand filters m ay be relatively  easily 
enclosed and heated . T heoretically , the rates of 
f iltra tion  m ay be low ered as m uch as 30 percent a t 
tem p era tu res from  32° to  35° F (F igure 2D 2-10). 
F ilte r design should tak e  this reduction  in effi­
ciency in to  consideration . D iatomaceous earth  fil­
te rin g  ra tes  m ay also be reduced som ewhat a t low 
tem peratu res. F ilters con struc ted  of m aterials w ith  
unequal ra tes  of expansion and con traction  may 
present operating  difficulties under low -tem pera­
tu re  conditions.

6. W A TER SO FTEN IN G . Conventional w a te r 
softening in the  A rc tic  is affected by slowed reac­
tion times fo r chem icals and longer m ixing and set­
tling  times. Zeolite softeners are common on small

2-207



Relationship Betw een Temperature and  Loss of H ead  in Sa n d  Filter 
I  A fter FI inn, W eston , and Bogertl

heated shelter. The bag must also be thoroughly 
dried before packing.

9. SALT W A TER. D istilla tion  un its  m ay be 
used to tr e a t  sa lt w a te r. E nergy requirem ents are 
less if  the w a te r  is provided by distillation ra th e r 
th an  by m elting salt ice and distilling the resu lting  
w ate r. For a discussion of desalting of sea w ater, 
consult Ref. 75.

10. SNOW A N D  ICE TREA TM EN T. W ater 
m ay be obtained by m elting  snow or ice. Glacial 
w a te r  is suitable if  the sedim ent is settlèd ou t. If  
only ice and snow are available, ice is the preferred  
source because it  yields the m ost w a te r  w ith  the 
least effort. W et or frozen snow is b e tte r  than  
pow dered snow. Small quan tities of snow or ice 
may be eaten w hen persons are on the move or 
w arm , b u t it  should never be eaten in large q u an ­
tities or lumps. I t  is b e tte r  to  ea t a little  snow often 
th an  to w ait u n til th irs t causes a person to  ea t too 
m uch. Sucking ice or snow w ith o u t p u ttin g  i t  en­
tire ly  in to the m ou th  causes chapped lips and  dis­
com fort. T ired , hot, or cold persons should not 
ea t snow.

Im proper m elting  of snow in a con tainer m ay 
b u rn  the bottom  of the con ta iner. A bou t h a lf  an 
inch should first be m elted , and then  small q u an ­
tities m ay be added from  tim e to  tim e, keeping 
the m ix tu re  a slush. The w a te r  should be p u r i­
fied by boiling or using iodine w henever th ere  is 
any question of its cleanliness or p u rity . Iodine 
tab lets are m ost effective w hen the w a te r  is w arm . 
Canteens should only be filled abo u t th ree -q u arte rs  
fu ll when w a te r  is ca rried , so th a t  they w ill not 
be dam aged by freezing. A sm all stove, candles, 
improvised oil stoves, or o ther ligh t, com pact heat 
sources m ust'be  k ep t availab le fo r  m elting ice and 
snow. Solid fuel or a p rim er-ty pe  gasoline stove 
are most desirable u n d er lo w -tem pera tu re  con­
ditions;

2D2.05 WATER SUPPLY STRUCTURES 
AND APPURTENANCES

1. GENERAL. P roper housing, insulation, and 
protection m ust be prov ided fo r all equipm ent and 
processes. D ue reg a rd  m u st be tak en  to p ro tec t all
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FIGURE 2D2-11
H and-Pum ping Kit-Type Purification Unit

un its  from  the  d estru c tiv e  forces of seasonal frost. 
The effect of pe rm afrost m ust be evaluated  before 
pum ping stations, d is tribu tio n  systems, trea tm en t 
facilities, and  w a te r  tow ers are constructed .

Suggested m ethods fo r building a foundation 
construc tion  are  covered in o ther Sections of this 
publication , and  only th e  peculiarities of construc­
tion of w a te r  and  sewage w orks are discussed in 
this p a rag rap h .

2. PRA C TIC A L CO NSID ERATION S. A n­
nually  repeated  displacem ent of foundations, walls, 
and o ther p a r ts  of a s tru c tu re  causes leaks in reser­
voirs, cracks in w alls, and  breaks in foundations, 
and th rea tens s tab ility . Long-term  change in per­

m afrost conditions a t the site m ay also bring  about 
the same effects.

T haw ing of g round  un der pum phouse floors 
m ust be prevented . Pipes passing th ro ug h  a pum p­
house floor and un der buildings m ust be properly 
insulated  to  p reven t fro st destruction . Pipes 
placed un der continuous foundations m ay cause 
dam age to  the foundation  if  they are not properly 
insulated.

Foundations and w alls should be finished 
sm oothly, w hich decreases the cohesiveness of 
frozen ground w ith  the w all and tends to  prevent 
raising of foundations. I t  is also desirable to  give 
foundations a trapezo idal profile. The surrounding
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FIGURE 2D2-12

Lyster Bag

excavation should be filled w ith  coarse sand or 
gravel, and w a te r  should be led off by a drain. 
Clay or asphalt berms m ay be necessary to  lead 
off surface w a te r. Location of settling basins, m ix­
ing cham bers, and o ther un its of a trea tm en t p lant 
aboveground facilita tes housing and protection of 
the un its from  unequal forces of freezing and 
thaw ing  ground and affords be tte r opportun ity  to 
prevent perm afrost destruction .

U nequal expansion and con traction  of dissimilar 
m aterials used in equipm ent may resu lt in damage

to the un it. All piping m ust be installed w ith  steep 
slope so th a t rapid  drainage m ay be accomplished, 
and all d ra in  ports m ust be sufficiently large to  p er­
m it rapid  drainage. A ll w a te r- lu b rica ted  equip­
m ent is subject to  rap id  freezing  im m ediately on 
stopping, unless heated. W ate r-lu b rica ted  equip­
m ent m ay be considered u n sa tis fac to ry  in some in ­
stances for A rctic  use. Pum ps, even th ou gh  they 
are not w a te r lu b rica ted , m ay freq u en tly  freeze 
when they are stopped. P ro m pt dra inage  m ay leave 
enough m oisture in a c e n trifu g a l pum p to perm it 
freezing of the im peller blades to  the  housing.

H ydrau lically  operated  con tro l equ ipm ent em­
ploying w a te r is no t w ell adap ted  fo r operation u n ­
der low -tem peratu re  conditions. E levated  storage 
m ust be properly in su la ted  and heated w ith  a re ­
c ircu la ting  heater system . For rap id -sand  filter 
plants, w ashw ater pum ps are sometimes p referab le 
to  elevated storage fo r backw ashing filters. I t  is 
desirable to provide fo r proper reuse of filte r w ash- 
w ate r and to  tak e  ad v an tage  of o ther w a te r  con­
servation possibilities in A rc tic  w a te r  trea tm en t.

R ad iant heating and v en tila tin g  fans to  m ain­
tain  even heat d is trib u tio n  are  highly desirable in 
providing app ropria te  heating  facilities fo r  en­
closures containing trea tm e n t un its. A ppropria te  
provision m ust be m ade fo r using heated outside 
air for ventilation of enclosures in w hich exposed 
w ate r surfaces or o ther vapor sources m ay exist, 
which tends to  cause excessive condensation of 
m oisture on the cold surfaces of the enclosing 
s tru c tu re . A pprop ria te  vap or barrie rs  m ust be 
provided over all the in su la tin g  w alls in these en­
closures to p reven t soaking and dam age of in ­
sulating  m aterials from  excessive condensation.
2D2.06 WATER DISTRIBUTION

1. METHODS. Several means have been em ­
ployed to d is trib u te  w a te r  un der low -tem pera tu re  
conditions. The m ost common is by tan k  tru c k . 
Preheated w a te r, d is trib u ted  by a rec ircu la ting  
system, and heated pipe galleries are  also used in 
w ater d istribu tion .

P erm afrost com plicates the laying and operation 
of a w ate r d is tribu tio n  system. O nly a shallow 
layer of top soil th aw s in sum m er and  then  only in 
an insignificant am ount. P erm afro st extends 
down into the g round  so deep th a t  it  is im p rac ti­
cal to a ttem p t to  lay w a te r  m ains below it. Lay­
ing mains a t usual dep ths m ay cause freezing of 
the w ater.
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In  N o rth  A m erica, difficulties of w a te r dis­
tr ib u tio n  by pipe placed in perm afrost have been 
predom inan tly  overcom e by using heated d istribu ­
tion  galleries called u tilidors, b u t in the Soviet 
U nion the predom inan t m ethod is reported to be by 
using rec ircu la tin g  systems, w ith  the w ater p re ­
heated.

2. T A N K  T R U C K  D ISTRIB U TIO N . D istribu ­
tion  by ta n k  tr u c k  and carboy, the most common 
m ethods em ployed, leaves m uch to be desired be­
cause the w a te r  is subjected to excessive handling 
and exposed to  m any opportunities for contam ina­
tion. A residual of disinfecting agent m ust be 
m ain tained in  the w a te r  a t all times. I t  is difficult 
to  m ain ta in  a p roperly  effective residual w ith  low 
w a te r  tem p era tu re , freq uen t handling, pum ping, 
jostling , heating  to  re la tively  high tem peratu re  to 
p reven t freezing, aera tion , and so on. Hoses are 
con tam inated  by d ragg in g  on the ground and by 
handling . Carboys, tan ks, and hoses are difficult 
to  clean and keep clean. Filling facilities are often  
m akesh ift and m ay in troduce  contam ination.

All valves, con tro ls, drains, hinges, seals, close- 
f ittin g  edges, and m ovable equipm ent m ust be de­
signed and  co n stru c ted  fo r operation a t — 80° F. 
This same equipm ent m ust also serve its purpose a t 
norm al tem pera tu res. D u s ttig h t gaskets are neces­
sary  d u rin g  d u sty  periods. Hoses, pails, and c a r ­
boys, as w ell as tan k s , m ust be kep t free from  
du st and  filth  d u rin g  all periods of operation.

T anks m ust be in su la ted  and constructed  of m a­
teria ls th a t  p reven t freezing  of the w ate r. W ith  a 
tem p era tu re  d ifferen tia l of 100° F between w ate r 
in  a w ell-insu la ted  tru c k  and the tem pératu re  of 
the a ir, hea t losses of from  2 to 3 degrees per hour 
m ay be expected w hen the w a te r  is not being 
jostled.

3. SEASONAL D ISTR IB U TIO N  SYSTEMS. 
Seasonal d is trib u tio n  systems are used in some 
places. W ate r pipes th a t  m ay be disjointed and 
d rained d u rin g  cold w ea ther are laid on the su r­
face of the g rou nd  and  used in the w arm  months. 
D istribu tio n  by ta n k  tru c k  or carboy for domestic 
use is also p rac ticed  in  both w in te r and summer. 
In addition  to  in te r ru p te d  service, the pipe d istribu ­
tion system  is usu ally  u n fit fo r carry ing  w ate r fo r 
hum an consum ption. Pipes th a t are le ft open and 
exposed on the g rou nd  for several m onths ac­
cum u la te  w h a tev e r contam ination m ay be found 
on the  stree t. Com plete collection, storage, and 
relaying of th e  pipe each season is costly and con­

sidered im practicable. H asty  assembly and the use 
of w orn  and dam aged fittings and pipe m ake the 
system subject to  contam ination w henever nega­
tive heads occur in the system. W ater d istribu tion , 
d u ring  a lengthy portion  of the year, m ust be en­
tire ly  by tan k  tru c k  or carboy.

4. U T ILID O R  SYSTEMS. Reference should be 
m ade to  Sections 2A1, 2A8, and 2B2.

5. PR E H EA TIN G  A N D  RECIRCU LATING 
D ISTR IB U TIO N  SYSTEM. H eating  the w a te r  to 
be d istribu ted  and rec ircu la ting  it to  a pum ping 
station  and heating  p lan t th ro ug h  a system de­
signed and constructed  to  m ake the most efficient 
use of all available heat is, in m any instances, the 
most economical solution to w a te r  d istribu tion . I t  
presents, how ever, m any problems of design and 
satisfacto ry  operation.

a. Russian Methods, A ccording to  Kojinov 
(Ref. 7 6 ), in 1933 the Moscow Scientific Research 
In s titu te  of W ater Supply w orked ou t detailed 
technical specifications for laying w a te r  pipes in 
the perm afrost region. The Russians have rejected 
the use of u tilidors, and the following recom m enda­
tions are quoted from  Kojinov.

The pipes are laid d irectly  in tb  the ground 
about 10 feet deep, i.e., a t a depth a t w hich 
tem p era tu re  fluctuations are insignificant, and 
the tem p era tu re  does not sink below 26.5° F. 
The foundation  under the pipes is made of 
g ravel or sand. The pipe is surrounded fo r a dis­
tance of tw o diam eters by loose earth . This is 
covered from  above by a layer of d ry  peat eight 
inches th ick . The rest of the trench  is filled up 
w ith  local g round  w hich had been taken  ou t in 
its digging.

The purpose of the peat layer is to  speed up 
the w arm ing  th ro u g h  of the ground around  the 
pipes, this being im p ortan t only in the begin­
ning of the pipe’s function ing. T herefore, if the 
prelim inary  heating  of the ground has been 
m ade in sum m er, the peat cover is not necessary.

I f  the pipes are laid in a forest clearing, the 
long itud inal axis of the la t te r  m ust not coincide 
w ith  the long itud inal axis of the pipe. In  o ther 
w ords, the m ain m ust not be laid along the m id­
dle of the clearing, b u t along its sunny border. 
The w id th  of the clearing is to  be equal to U/2 

times the height of trees.
The artificial heating  o f . the w a te r  is an in ­

dispensable pecu liarity  of the w a te r  supply in 
the perpetua lly  frozen areas. I t  is usually  car-
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ried ou t in the v ic in ity  of the pum p a t the  be­
ginning of the discharge line. The m ethod of 
heating chosen is dependent on the k ind of en­
gines used fo r d riv ing  the pum ps. W hen steam 
engines are installed th e ir  w aste steam  and the 
w aste gases of the boilers m ust be u tilized . If  
electric m otors drive the pum ps, the  heating  of 
the w a te r  m ay be done by means of the electric 
c u rre n t or w ith  the help of a special heating 
boiler. A t present, steam  heaters u tiliz ing  the 
w aste steam  are alm ost exclusively employed.

In  concluding, w e m ust sta te  th a t  all expenses 
fo r these special m easures are qu ite  justified, as 
they preclude the expenses fo r continuous re ­
pairs of the bu ilding, w hich w ould  be unavoid­
able if  the peculiarities of w a te r  supply construc­
tion in the perpetua lly  frozen region w ere not 
taken  in to consideration in the design of s tru c ­
tu res for such areas.

b. Types of Systems. The rec ircu la tin g  sys­
tem  consists of a d is tribu tio n  m ain, a w a te r  re tu rn  
m ain, circu la tion  pum ps, and a w a te r  heating  sys­
tem . The d istribu tio n  and re tu rn  mains m ay be 
looped in one continuous line s ta r tin g  and ending

a t the recircu la tion  pum p, or they m ay be a d u a l 
piping system w ith  high- and low -pressure lines 
placed side by side (see F igures 2D2-13 and 
2D 2-14).

c. Service Connections.
(1) Single-Main System . Service connec­

tions fo r the single m ain are k ep t operative by one 
or more of the follow ing m ethods: (a )  good in su la ­
tion, (b) short service connection u tilido rs, (c ) 
electrical resistance tape th a t , w hen energized, 
w arm s the service connection, (d ) du a l pipe service 
connection using a scoop-type ta p  pointed against 
flow in the street m ain fo r th e  incom ing portion  of 
the dual service lines and  a re tu rn  tap  w ith  elbow 
pointed dow nstream  fo r the re tu rn  tap , or (e) d u a l 
pipe service connection w ith  a sm all e lectrically  
operated rec ircu la tin g  pum p in th e  service line.

Short service connection u tilido rs  m ay be heated  
by the heating system  a t  the premises they  serve. 
H eating  m ay be accomplished by forced a ir  o r by 
steam or h o t-w a te r  lines placed in  th e  service con­
nection u tilido r. F igure  2D2-15 shows a ty p ica l 
electrical resistance tape  in sta lla tion . (See also 
Figures 2A 8-21 and  2A 8-22.) T he scoop-type tap

FIGURE 2D2-13

S ing le -M a in  Recirculating and Distribution System
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FIGURE 2D2-14
Dual-M ain Recirculating and Distribution System

is only effective d u rin g  periods when there is ap ­
preciable w a te r  velocity in the street main. D u r­
ing periods of m axim um  flow, velocity head causes 
c ircu la tion  in the service connection line. Small 
rec ircu la tin g  pum ps placed on each service con­
nection use a small am ount of e lectricity  to m ain­
ta in  c ircu la tio n  b u t in troduce  the additional prob­
lem of m echanical as well as electrical m ain­
tenance.

(2 ) Dual-Main System . The dual piping 
system affords positive means for complete rec ir­
culation . Service connections to the premises are 
made by tap p ing  the high-pressure main and 
serving the p ro p erty  from  this m ain; the unused 
w a te r, w hich  has cooled, is re tu rn ed  to the d is tri­
bu tion system  by tap p ing  the re tu rn  line from  the 
premises to  the  low -pressure line (F igure 2D 2-16). 
The low -pressure line re tu rn s  the unused w ater to 
the rec ircu la tin g  pum p and heating un it.

d. Preheating. In  rec ircu la ting  systems the 
w a te r  is u su ally  heated  only a few  degrees above 
freezing or to  a tem p era tu re  th a t ju s t perm its the

unused w a te r  to re tu rn  to the recircu la ting  pum p 
and heating  p lan t slightly above freezing. I t  is 
very difficult to s ta r t  operating  such a system d u r ­
ing cold w eather. O nly small sections of the sys­
tem should be s ta rted  a t a time, and intensive 
pum ping w ith  continuous w aste is necessary u n til 
the entire  system and the ground around it have 
been w arm ed.

H ea t conservation and the most efficient use of 
available heat are necessary for sound engineering 
design and operation of the rec ircu la ting  d is trib u ­
tion system. H ea t losses for the d istribu tion  sys­
tem  should be com puted for various types of con­
struc tion , and the m ost efficient and economical 
type of m ain should be selected. Conduction and 
convection heat losses from  the d istribu tion  sys­
tem  v a ry  w ith  the type of m aterials used for the 
m ain. These losses also v a ry  w ith  the flow ch arac­
teristics of the w a te r; g rea te r tu rbu lence  dissipates 
heat fa ste r  than  it  is dissipated from  still w ater.

e. Location of Pipe. Location of the d is tri­
bu tion  system aboveground, on the surface, or
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FIGURE 2D2-15
Com m ercia l-Type Resistance Heater for Pipe Protection

un dergrou nd  has been practiced . A carefu l study 
of the heat losses involved in each m ethod and the 
relation  of construction , operation, and m ain­
tenance costs should be made and evaluated  in each 
instance. In locating pipe un derground , carefu l 
consideration should be given to determ ine w hether 
the pipe should be placed a t the top of the perm a­

frost table, in the perm afrost, or in the seasonally 
thaw ed area. I f  the d is trib u tio n  system is placed 
aboveground ra th e r  th an  un derg rou nd , w in te r 
tem peratures aroun d  the system are lower b u t 
summer tem peratu res are higher. I f  the d is tr ib u ­
tion system is in the perm afrost, low tem peratu res 
prevail th ro u g h o u t the year, b u t a t no tim e are
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they as extrem e as w hen the pipe is placed on the  
surface. If the d istribu tion  system  is placed at the 
top of the perm afrost table, advantage may be 
taken o f the la ten t heat of fusion of entrapped  
w ater. H ow ever , w hen the system  is placed at this 
point, and if  insu lation  is used, it may be damaged  
or rendered alm ost useless by ground w ater.

f. O ther Factors. Interm ittent circulation  
of w a ter  in the system  conserves heat. T urbulence  
is reduced to a m inim um  w hen the w ater is static. 
E xhaust steam  or other w aste heat sources should  
be used in h eatin g  the w ater  prior to circulation. 
Insulation  o f the d istribu tion  system should be 
done w ith  econom ical m aterials. Peat, moss, gravel, 
and other sim ilar in su la tin g  m aterials may be found  
readily in m any places in the A rctic.

g. Control o f P lum bing. Rigid control o f 
plum bing is o f prim e im portance on a recirculating  
system . C ross-connections and backsiphonage con­
ditions m ust not be tolerated . It is desirable, if  
possible, to elim inate dead ends and to arrange the  
distribu tion  system  so th at the largest users are 
located at the points o f m axim um  distance for  
w ater  flow . On large system s, several heating  
points m ay have to be established. Location o f 
w a ter  m ains near sew er mains may help to keep 
the w a ter  m ains from  freezin g , but this is a dan­
gerous practice. Frost action m ay dam age both  
the w aterlin es and the sew er lines, w ith  resultant 
leakage and possib ility  o f contam ination of the 
w ater  supply.

6. H E A T  LOSS FROM W ATER  M AINS. W ater
pipes located  d irec tly  in perm afrost or w ith in  the 
zone o f seasonal frost m ay be protected from

fr e e z in g  by in tr o d u c in g  h ea t in to  th e sy stem  at 
th e  b eg in n in g  o f  c ir c u la t io n . E xcess ive  a m o u n ts  
o f  h ea t sh ou ld  n o t be ad d ed , b u t en o u g h  h ea t m u st  
be ad d ed  to  k eep  th e  w a te r  ju s t  ab ove th e  fr e e z in g  
p o in t. T h e q u a n t ity  o f  h ea t req u ired  dep en d s on:
(a )  th e  d ifferen ce  in tem p er a tu re  o f th e  w a te r  in  
th e  p ipe and th e  tem p e r a tu r e  o f th e soil a ro u n d  it ,
(b )  th e  th erm a l c h a r a c te r is tic s  o f  b oth  th e  pipe  
and  th e  su r r o u n d in g  soil, ( c )  th e  len g th  and size o f  
th e  p ip e , and (d )  th e  tim e d u r in g  w h ich  th e  w a te r  
in th e  sy stem  is ex p osed  to  a co o lin g  e ffec t.

a. In troduction . V a r iou s ap p roach es h a v e  
been u sed  in m a th e m a tic a lly  and p h y s ica lly  r e la t ­
in g  th ese  fa c to r s  so th a t  th e  h ea t b a la n ce o f  a d is­
tr ib u t io n  system  m ay  be a p p ro x im a ted  and th e  
e ffec t  on th e  te m p e r a tu r e  e q u ilib r iu m  o f  th e  su r ­
ro u n d in g  m a ter ia ls  m ay  be a n tic ip a te d  in  term s o f  
tim e  o f  o p era tio n  o f  th e  sy stem . (See S ec tio n  2 A 8 , 
esp ec ia lly  p a ra g ra p h s  3 and 4  o f  2 A 8 .0 2  and P ro b ­
lem  3, par . 2 o f  2 A 8 .0 3 .)

b. Occurrence of H eat Losses. T h e  loss o f  
h ea t in a w a te r  sy stem  d ep en d s to  a co n sid era b le  
d eg ree  on th e  o p era tio n  o f  th e  system . T h e m ost 
in te n s iv e  loss o f  h ea t is o b served  d u r in g  th e  f lo w  
o f  th e  w a te r  w h e n  th e tr a n s fe r  o f h ea t ta k es  p lace  
th r o u g h  c o n v e c tio n . A v e r y  sm all a m o u n t o f  h ea t  
is lo st d u r in g  th e  s ta tic  p er iod  w h en  w a te r  does n ot  
m o v e  th r o u g h  th e  p ipe, a t w h ic h  tim e th e  tr a n s fe r  
o f  h ea t ta k es  p la c e  th r o u g h  c o n d u c tio n  th r o u g h  th e  
p er ip h era l la y ers  o f  w a te r . (R e f . 2 3 .)

F ig u r e  2 D 2 -1 7  is a n o m o g ram  th a t  m ay  be used  
to  d e term in e  re la tio n sh ip s  o f  p ipe size and  le n g th ,  
v e lo c ity  o f  flo w , K  v a lu e s , te m p er a tu re  d ifferen ces , 
and  le n g th  o f  t im e  th e  w a te r  m ay  rem ain  s ta tic  in  
th e  sy stem . V a lu es  o f  K  w e r e  em p ir ica lly  d e te r ­
m in ed .

c. N orm al O perating Conditions. T h e  v a lu es  
o f  th e  co effic ien ts  K\ and K j g iv e n  in F ig u re  
2 D 2 -1 7  co rresp o n d  to  th e  n orm al o p e ra tin g  c o n ­
d it io n s  o f  a sy ste m  th a t  is k e p t  in o p era tio n  w ith  a 
r e g u la r  d a ily  f lo w  o f  w a te r . U n d er  th ese co n d itio n s  
th e  c o n su m p tio n  o f  w a te r  sh o u ld  n ot be less th a n  8 
tim es th e  v o lu m e  o f  p ipes o f  th e  en tir e  sy stem . 
(R e f .  2 3 .)

d. In itia l O perating Condition. In a d d itio n  
to  th e  c o m p u ta tio n  o f  h ea t v a lu es  fo r  n orm al 
o p e ra tio n  o f  a w a te r  sy stem , it  is n ecessa ry  to  c a l­
c u la te  th e  h ea t e x c h a n g e  d u r in g  th e  in it ia l  s ta g e  
o f  a sy stem  w h e n  w a te r  is tu r n e d  on fo r  th e  first  
t im e.
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W h en  w a te r  is tu r n e d  on a t  th e  co m p le tio n  o f  
th e  in s ta lla t io n , a f te r  a p ro lo n g ed  p er iod  o f  in ­
a c t iv ity ,  or a f t e r  th e  p ip es h a v e  been  d ra in ed , the  
g r o u n d  su r r o u n d in g  th e  p ipes a t ta in s  th e  lo w est  
te m p er a tu re , an d  th e  p ipes are a p p r ec ia b ly  ch illed . 
I t  fo llo w s  th a t ,  w h en  w a te r  is tu r n e d  on a ga in , 
th ere  is co n sid erab le  ab so rp tio n  o f  h ea t b y  th e  pipes 
an d  b y  th e im m ed ia te ly  a d ja c en t fr o z e n  g r o u n d ,  
r e su lt in g  in a s u b s ta n tia lly  h ig h e r  co effic ien t o f  the  
loss o f  h ea t, K , th a n  d u r in g  n orm a l o p e ra tio n . In 
e v e r y  w a te r  sy ste m , th e r e fo r e , one sh o u ld  ta k e  in to  
a c c o u n t  th e  n eed  o f  a d d it io n a l h e a tin g  o f  w a te r  
d u r in g  th e p er iod  w h en  th e  sy stem  is f ir s t  p u t  in to  
o p era tio n . T h e co effic ien t K  is as y e t  based  on on ly  
a f e w  ex p er im e n ts  an d  is g iv e n  in  th e  ta b le  in 
F ig u re  2 D 2 -1 7 . (R e f . 2 3 .)

e. Term inal Point T em pera ture . W h en  
w a te r  is tu r n e d  on in  a n e w ly  c o n s tr u c te d  w a te r  
sy stem , it  is sa fe  en o u g h  to  a llo w  th e  te m p er a tu re  
T l. a t th e  term in u s  o f  th e  sy stem  to  d rop  to  be­
tw e e n  1° an d  2 °  C ( 3 4 °  an d  3 6 °  F ) .  T h is  te m ­
p er a tu re  w il l  p r e v a il o n ly  d u r in g  th e  in it ia l  s ta g e  
o f  op era tion  o f  th e  sy stem . W ith  th e  p assage  o f  
w a te r  th r o u g h  th e  sy s te m , th is  te m p e r a tu r e  w ill  
g r a d u a lly  rise an d  a f te r  a t im e  w i l l  a t ta in  a ce r ­
ta in  s ta b ility . A f t e r  th a t  th e  w a te r  sy ste m  m a y  be 
a llo w ed  to  rem ain  s ta t ic  fo r  a d u r a tio n  in  a c c o r d ­
an ce w ith  th e  c o m p u te d  v a lu e s  fo r  su ch  a c o n d i­
tio n . (R e f . 2 3 .)

f . D istribution  System  T em perature Con­
tro l . T h e te m p e r a tu r e  o f  a d is tr ib u t io n  system  
g e n e r a lly  b ecom es m ore or less s ta b iliz e d  a f t e r  the  
v o lu m e  o f  w a te r  th a t  has passed  th r o u g h  th e  sy s­
tem  is a b o u t t w e n ty  tim es th e  v o lu m e  o f  th e  en ­
tir e  pipe sy stem . T o  speed  u p  th e  w a r m in g  o f  the  
pipes d u r in g  th e  in it ia l  s ta g e  o f  o p e ra tio n , the  
w a te r  is g e n e r a lly  fo rc ed  to  f lo w  th r o u g h  th e  pipes  
a t a h ig h er  v e lo c ity  or , i f  fa c i l i t ie s  are  a v a ila b le , 
th e  w a te r  a t th e  s ta r t in g  p o in t is w a r m e d  u p  m ore  
th a n  is req u ired  fo r  th e  n o rm a l o p e ra tio n . It 
sh o u ld  be b o rn e in  m in d , h o w e v e r , th a t  w a te r  
w a rm ed  to  a te m p e r a tu r e  a b o v e  2 0 °  C ( 6 8 °  F) 
m a y ca u se  som e d a m a g e  to  th e  p ip e lin e  b y  e x c e s ­
s iv e  ex p a n sio n , p a r t ic u la r ly  a t th e  jo in ts . U n d er  
n orm al op era tio n  o f  a d is tr ib u t io n  sy ste m  th e  te m ­
p er a tu re  o f  w a te r  T "  a t  th e  te r m in a l p o in t d u r in g  
th e  s ta tic  (n o n f lo w )  p er iod  is g e n e r a lly  m a in ­
ta in ed  b e tw e e n  3° an d  5 °  C  ( 3 7 °  an d  4 1 °  F ) .  
(R e f .  2 3 .)

g . Principles fo r  C alculating H eat Values . 
T w o  fu n d a m e n ta l p r in c ip le s  sh o u ld  be u sed  for

c a lc u la t in g  h ea t v a lu e s  in  a w a te r  d is tr ib u t io n  
system .

( 1 )  T o  d e te r m in e  th e  te m p e r a tu r e  a t  
th e  term in a l p o in t o f  th e  sy s te m , th e  te m p e r a tu r e  
in th e  co m p o n en t sec tio n s  sh o u ld  be c a lc u la te d  in  
c o n se c u tiv e  o rd er  in  th e  d ir e c t io n  fro m  th e  te r m in a l  
p o in t to w a r d  th e  in ta k e  w h e r e  th e  w a te r  is b e in g  
w a rm ed .

( 2 )  K n o w in g  th e  a v a ila b le  a m o u n t o f  
h ea t from  th e  h e a tin g  u n it ,  th e  te m p e r a tu r e  o f  
w a te r  T\ is d e ter m in ed  a f t e r  th e  w a te r  lea v es  th e  
h ea tin g  u n it . T h en  th e  te m p e r a tu r e  o f  w a te r  is 
verified  in  c o n se c u t iv e  o r d er  a t  a ll th e  d is tr ib u t io n  
cen ters  d o w n  to  th e  te r m in u s  o f  th e  sy s te m . T h e  
term in a l te m p e r a tu r e  sh o u ld  n ev er  be a llo w e d  to  
drop b e lo w  th e  c o m p u te d  p erm iss ib le  m in im u m . 
(R e f . 2 3 .)
C A U T IO N : I t  is reco m m en d ed  th a t ,  fo r  sec tio n s  
o f  a w a te r  d is tr ib u t io n  sy s te m  in  c r it ic a l  p er m a ­
fr o s t , c a r e fu l in v e s t ig a t io n  be m a d e o f  th e  e x te n t  
o f  th a w  r e su lt in g  fro m  th e  o p e ra tio n  o f  th e  s y s ­
tem  d u r in g  its  e s t im a te d  u s e fu l  l ife .  (S ee S ec tio n  
2 A 8 . )

Exam ple
G iven
L = 1 6 ,4 0 0  f t  
d = 6 in . 
v  =  2 f t / s e c
T em p er a tu re  o f  w a te r  x a t  s ta r t in g  p o in t  o f  sy stem  

- 5 0 °  F
A v e r a g e  te m p e r a tu r e  o f  g r o u n d  t  d u r in g  s ta t ic  

p eriod  =  2 6 .6 °  F
D e te rm in e  te m p e r a tu r e  o f  w a te r  xL> a t term in u s  

o f  th e  sy stem , an d  th e  m a x im u m  d u r a t io n  o f  s ta t ic  
period  Z fo r  th e  te m p e r a tu r e  o f  w a te r  a t th e  en d  
o f  th e  s ta t ic  p er io d ; t"  =  3 5 .6 °  F.
T o find  xL> w ith

T ! =  5 0 °  F -  2 6 .6 °  F =  2 3 .4 °  F 
K x = 3 .7

s ta r t  fro m  th e  le f t -h a n d  n o m o g ra p h  w ith  th e  g iv e n  
v a lu e  o f  L an d  fo l lo w  th e  d o t te d  lin e  to  th e  g iv e n  
v a lu e  o f  v y th en  u p w a r d  to  th e  g iv e n  v a lu e  o f  d  

an d  h o r iz o n ta lly  to  th e  v a lu e  o f  K t ; d rop  a p er p en ­
d ic u la r  fro m  K\. T h e  in te r s e c t io n  o f  th is  lin e  w it h  
th e  v a lu e  o f  T] g iv e s  th e  v a lu e  o f  7%. 7% fo r  th is  
p ro b lem  is a p p r o x im a te ly  13 ° F.
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T herefore,
x2 =  T 2 +  t  = 13° F +  26.6° F =  39.6° F 

To find Z w ith
T 2 =  T 2' (p a r. 6e of 2D 2.06)
T 2" =  x" -  t  = 35.6° F -  26.6° F =  9° F 
K2 =  0.37

s ta r t  from  the  r ig h t-h an d  nom ograph w ith  the

given value of TV and follow the low er do tted  line 
u n til i t  in tersects the com puted value of T 2", then 
drop a perpendicu lar from  this value to in tersect 
the curved  line represen ting  assigned values of K2. 
From  this value of K2, p ro ject a horizontal line to 
in tersect the diagonal of the given pipe diam eter 
(in the le ft-han d  nom ograph). From  this in te r­
section, project a perpendicu lar to obtain the value 
of Z. Z fo r this exam ple is approxim ately 14 hours.

Section 3. SEW AGE AN D  W ASTE DISPOSAL

2D3.0I GENERAL
The need fo r proper disposal of sewage wastes 

u n d er lo w -tem pera tu re  conditions is as im portan t 
as i t  is in  tem perate  clim ates. A long record of the 
occurrence of typhoid fever and dysentery in the 
Cold Regions establishes this fac t. The degree of 
tre a tm en t and care in sewage disposal m ust, as in 
tem perate  clim ates, be predicated upon concen­
tra tio n  of population , w a te r  uses, and availability 
of w a te r  fo r d ilu tion  of w astes. Table 2D3-1 gives 
an indication  of the  q u a n tity  of sewage to be 
tre a te d  from  a 2 2-m an barracks.

TABLE 2D3-1
Daily Human Wastes From 22-Man Barracks

W a ste W eigh t, lb / d a y W ate r  content, percent Vo lum e, g a l/d a y

Fecal
U rin e
C o m b in e d

7.26
48.4 to 87.1 
55.9 to 94.6

75 to 80 
95 to 96 

93.3 to 94.4
5.8 to 10.6 
6.7 to 11.3

N o te : For A rc t ic  use, a 4 0 -p e rcen t o v e r lo a d in g  factor is adv isab le .

2D3.02 SEWAGE TREATMENT (Ref. 77)
O n co ld -w eather difficulties involved in sewage 

tre a tm e n t p la n t design and operation, the Sub­
com m ittee on W aste Disposal of the Committee on 
S an itary  Engineering and Environm ent, N ational 
Research Council, repo rted  as follows.

1. GENERAL.
W in ter-borne  difficulties in a p lan t are likely 

to be cum u la tive . A defect a t one point in a 
p lan t caused by cold or storm  is ap t to  have con­
sequences the effect of w hich w ill spread pro­
gressively to  in te rfe re  w ith  the perform ance of 
o ther p la n t un its. For exam ple, sludge drying 
beds th a t  have become overloaded d u ring  the

w in te r as a resu lt of inadequate capacity  or in ­
sufficient a tten tio n  on the p a r t of the operator 
m ay resu lt in overloaded sludge digesters; these 
in tu rn  m ay resu lt in a deterioration  in the 
q u a lity  of su p e rn a tan t re tu rn ed  to the prim ary  
settling  tan k s; these un its  are ap t thereby to 
perform  w ith  im paired efficiency, w ith  the re ­
su lt th a t  secondary un its become overloaded. 
Solids in the p rim ary  effluent coupled w ith  
freezing m ay p u t the filter d istribu tion  system 
p a rtly  ou t of service. W ith  poor d istribu tion  
and heavy loading, the effluent w ill de terio ra te  
and the en tire  p lan t m ay go ou t of k ilte r.

W inter difficulties m ay be a ttr ib u te d  to 
sources th a t  fa ll in to  tw o categories, as follows: 
(A ) Minor deficiencies of design or operation, 
such as contro l valves sited in positions exposed 
to  cold w inds, lack of screens to  p ro tec t filter 
nozzles, lack  of provision for d ra in ing  tanks, 
and lack of suitable ligh ting  for n o c tu rn a l in ­
spection; and (B) M ajor defects in design, such 
as inadequate capacity  of or means fo r m ain ta in ­
ing heat in im p o rtan t p lan t un its.

Especially im p o rtan t am ong the points of de­
sign th a t  fa ll in category  (A ) are those th a t  per­
ta in  to  the safe ty  and com fort of operating  per­
sonnel. To provide men w ith  facilities fo r w a lk ­
ing in safe ty , w ork ing  w ith o u t unreasonable 
exposure, and seeing w ith  ease is to m ake a real 
con tribu tion  to w ard  elim ination of cold-w eather 
trouble . I t  is ce rta in  th a t  w ith  fo re tho ug h t on 
the p a r t  of the  designer and ingenuity  and re ­
sourcefulness on the p a r t  of the operator, m any 
of the problem s th a t  beset sewage p lan ts d u r ­
ing cold periods m ay successfully be encountered. 
2. EFFECT OF COLD.

In  o rder to  evalua te  more com prehensively 
the requirem ents fo r w eatherproofing and heat-
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ing of sewage plants in the low -tem peratu re 
areas of the N o rth , i t  is pertinen t to consider the 
effect of cold on the organic con ten t of raw  sew­
age and on the physical and biochemical proc­
esses of stab ilization , both w ith in  p lants and in 
receiving w aters.

a. Organic loading.
H igher am ounts of BOD and SS per capita 

in no rthern  p lants m ay be an ticipated  as a result 
of tw o facto rs: ( 1 ) Lower tem peratu res of w ater 
(less trea tm en t in sewers, if  no t h ea ted ); and 
(2 ) less bivouacking (non -co n trib u to ry  popu­
la tio n )— field m aneuvers w ill be more restricted  
d u ring  colder portions of the year. The first 
fac to r is a re latively  m inor one, and a t most, 
probably w ould cause an increase in organic 
loading of the order of ten  percent above th a t 
usual in sewage plants a t m ilita ry  posts in tem ­
perate  clim ates. The second fac to r m ay exert a 
sizable effect. The proportion  of con tribu to ry  
(sew ered) population to  nom inal population of 
ten  decreases a t m ilita ry  posts d u ring  w arm  
m onths in w hich field m aneuvers are p racticed; 
this is generally accompanied by a substan tial 
reduction in per cap ita  loading a t sewage plants.

b. Pretreatment units .
U niversal experience in sewage plants in 

the no rthern  U.S. and C anada w ith  screens, bar 
racks, shredders, com m inutors, d e tritu s  tanks, 
and g r it cham bers has been th a t  these units, 
w hich m ust be freq uen tly  inspected and cleaned, 
m ay be subjected to  icing to  such an ex ten t as to 
render m aintenance difficult or impossible unless 
covering or housing is provided. I t  w ould  ap­
pear th a t in p lants designed for operation in the 
fa r  N o rth , housing is a necessity fo r p re tre a t­
m ent un its, together w ith  pum ps and flow­
m easuring equipm ent.

c. Settling Tanks.
O f all sewage trea tm en t devices in com­

mon use, settling  tan ks appear to  be least vu ln er­
able to cold.

The chief difficulties th a t  have been experi­
enced in the operation of settling  tan ks d u r­
ing in tervals of low tem p era tu re  have resulted 
from  the in terference of ice w ith  sludge and 
scum rem oval mechanisms. These devices now 
seem for the  m ost p a r t  to  have been successfully 
adapted to  function  properly  despite the  rigor 
of the clim ate in  the no rth ern  U.S. and Canada.

Tw o fac to rs , how ever, m ilita te  against the

use of open se ttling  tan k s in the extrem e cold of 
the fa r  N o rth : (i) the  loss of heat needed for 
proper action in secondary oxidizing un its  and in 
ou tfa ll lines; and  (ii) th e  form ation  of sheet ice 
of sufficient thickness to  endanger tan k s  s tru c ­
tu ra lly . W hile the th in  ice sheets th a t  have been 
described m ay have no p a r tic u la r  deleterious 
effect on operation, sheets of several inches in 
thickness th a t  theoretica lly  could form  un der 
A rctic  conditions could easily m uste r sufficient 
compressive s tren g th  to  b reak  tan k s if  the 
operating staff did no t persist in b reak ing  up  the 
form ation. These fac to rs  are especially sig­
nificant in sewage p lan ts a t m ilita ry  posts, w here 
periods of in ac tiv ity  m ay resu lt in  low flows and 
long detention periods.

The influence of tem p era tu re  on the perfo rm ­
ance of settling  tan ks has been the sub ject of a 
num ber of investigations. The m ain conclusion 
is th a t  no pronounced deleterious effect of cold 
per se on efficiency is m anifest. P articles settle 
more slowly in cold fluids because of increased 
viscosity. The tim e fo r a sewage partic le  to  
settle a given distance a t  60° F is increased by 
a fac to r of 40 percen t w hen the tem p era tu re  
drops to 40° F. O n the o ther hand, particles in 
sewage tend to  be som ew hat la rg e r and heavier 
du ring  cold w ea ther. Low tem p era tu res affect 
the stab ility  of colloids adversely and agglom era­
tion rates are increased. In  cold w ea ther, m ore­
over, gas-buoying of sludge particles is reduced.

I t  w ould appear th a t  m ost se ttling  tan k s  p er­
form  more efficiently on the  whole d u rin g  w arm  
w eather if m ain tained in aerobic condition.
G rit cham ber design should provide fo r alm ost 

50 percent more requ ired  tim e fo r se ttling  of 
m ineral solids in the Cold Regions. Increased vis­
cosity and load of silt in sewage a t  tem pera tu res of 
from  32° to 3 5 ° F  lessen efficiency of the g r it  
cham ber.

d. Trickling Filters.
Despite th e ir  m erits in o ther respects, 

trick lin g  filters have alw ays been foun d  to  be 
one of the sewage tre a tm e n t devices m ost v u l­
nerable to cold w ea ther. In  m any p a r ts  of the 
Midwest it  has become alm ost s tan d ard  p ractice  
to provide cover fo r  filte r u n its ; th is has in ­
creased the cost of con struc tion , b u t the  ju s­
tification has been in th e  fa c t th a t  li ttle  opera­
tional troub le  has been experienced, even in 
severe clim ates, w ith  housed filters. T here can
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be little  do ub t th a t  housing is indicated for 
tr ick lin g  filters in the F ar N o rth , except per­
haps u n d er u n u su a l m itigating  circum stances 
(fo r  exam ple, seasonal operation).

Results of several investigations indicate th a t 
trick lin g  filters generally  have lower efficiencies 
in cold w ea ther. W hile the observed differences 
are no t o ften  found  to  be large, the problem is 
one of considerable im portance in the design of 
filters fo r lo w -tem p era tu re  regions.

In this connection (efficiency) it is of in terest 
to  estim ate the increase in volume of media of a 
filter th a t  w ould  be requ ired  in w in ter in order 
to  re ta in  sum m ertim e efficiency. Such an 
estim ate is m ade in the following com putation, 
w hich is based on the  filter form ula developed by 
the N R C  Subcom m ittee on M ilitary Sewage 
T rea tm en t:

___________100
y  ~  1 +  0 .0 0 8 5 \ / ï

w here
y =  the  BOD efficiency (percen t) of filter and 

secondary se ttling  tan ks 
x =  th e  filte r loading of applied BOD, lb /ac re  

f t /d a y
I f  x  is tak en  as the  m edian value of the summer 
loadings, i.e., 372 lb /a fd , then the average sum­
m er efficiency, m ay be calcu lated  by sub stitu ­
tion in the fo rm u la :

100ys =  — ;---------------; =  =  86.0 percentl +  0 .0 0 8 5 \/3 7 2  V
T he corresponding w in te r  efficiency, y 1v> using 
an assum ed average difference of 2.93 w ould be

y,r =  86.0 — 2.93 =  83.07 percent
The BOD loading, x,C9 corresponding to  this fig­
u re  m ay be eva lua ted  from  the relation

1 +  0.008 5
or

x w = 576 lb /a fd
H ence, a difference in BOD efficiency 

of 2.93 percen t corresponds to  a difference in 
volum e of

2 (57 6  -  372)
"(576 +  372) 100 =  43 percent 

T h a t is, in w in te r  th e  volum e of a filter m ust be

43 percent la rg e r to  a tta in  the same degree of 
trea tm en t it  a tta in s  in sum m er. The Arm y En­
gineering M anual of the Office of the Chief of 
Engineers specifies th a t  filters in the no rthern  
states be designed 2 5 percen t larger th an  in 
sou thern  states. This is in line w ith  the fore­
going figure w hen account is taken  of the d if­
ference in the average annual tem peratu res of 
the tw o sections of the cou n try .

F ilters in the A rctic  w ould operate a t tem ­
pera tu res low er on the average than  those 
analyzed, and an allow ance g rea te r than  25 per­
cent fo r tem p era tu re  is therefore required . Since 
the average ann ua l tem p era tu re  in no rthern  
A laska is abou t 8° F, an allow ance of the order 
of 50-60 percen t appears to be indicated.

There is, of course, the question of the eco­
nomic justification  for such substan tia l increases 
in volume to  a tta in  such seemingly small in ­
creases in efficiency. This is the c ru x  of the com­
parison of the re la tive  m erits of the h igh-ra te  
and stan dard  trick lin g  filters, and the form er 
certa in ly  serve a usefu l function . Thè last f ra c ­
tion of organic load is expensive !: to tre a t. 
W hether its rem oval is w orthw hile  depends upon 
the local situation . In  some stream s it may rep­
resent the difference betw een effective and ^in­
effective tre a tm en t; in others it m ay be un im ­
p o rtan t.

e. Activated-Sludge Aeration Basins.
C old-w eather difficulties w ith  ac tivated  

sludge un its  have generally  been less serious 
th an  w ith  open tr ick lin g  filters. T roubles due 
to freezing and snowing up  have rare ly  been re ­
ported . The process inheren tly  entails less ex­
posure of sewage to  cold d ry  w inds; m oreover, 
un its  are re la tivèly  com pact and more easily pro­
tected  by covers and w indbreakers. Such 
troubles as have been reported  are usually  caused 
by im proper function ing  of o ther p lan t un its—
e.g., overloading by bad p rim ary  tan k  effluents. 
Some difficulties have been described in me­
chanical aera tion  p lan ts due to icing of em erg­
ing paddles; such devices, how ever, are not com­
mon in N o rth  A m erican practice.

The extensive use of the ac tiva ted  sludge 
process in C anada is indicative of its ability  to 
function  d u rin g  periods of low tem pera tu re . 
Insofar as m ilita ry  p lan ts are concerned, how ­
ever, this adv an tage  is offset to a certa in  ex ten t 
by the som ew hat disappointing experience w ith
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the process d u rin g  W orld  W ar II. The high vola­
tile and grease con ten t of m ilita ry  sewage, the 
rapid  varia tion  in d iu rn a l flow, and the fre­
qu en t changes in loading due to  shifts in con­
tr ib u to ry  population w ere, no doub t, im portan t 
factors in the fa ilu re  of the process to  produce 
the degree of tre a tm en t commonly a tta ined  in 
m unicipal ac tiva ted  sludge p lants.

A num ber of investigators have exam ined the 
effect of cold w ea ther upon ac tiva ted  sludge 
operation. In  general, i t  m ay be said th a t  the ad­
verse effect of cold on the perform ance of ac­
tiva ted  sludge p lan ts is less th an  it  is on trick ling  
filter plants.

Bloodgood, in analyzing records a t the In­
dianapolis p lan t fo r several years, found th a t 
low er tem pera tu res in the  aeration  basins caused 
a reduction  in  the q u a lity  of the effluent unless 
com pensating m easures, such as increasing the 
retention  tim e, w ere tak en . A t the Indianapolis 
p lan t the secondary tre a tm en t un its  w ere not 
large enough to  give com plete tre a tm en t to  the 
en tire  flow of sewage. The p lan t was operating 
by trea tin g  the m axim um  am ount possible in  the 
activated  sludge un its  and the balance by plain 
aeration. The proportion  of sewage routed 
th ro ug h  each u n it was such as to  give the best 
combined effluent. W ith  applied sewages of BOD 
concentrations rang ing  from  165 to  226 ppm , it 
w as found th a t  w hen tem pera tu res decreased 
from  79° to  57° F, the detention period had to 
be increased abou t 45 percen t in o rder to  achieve 
the same degree of trea tm en t.

A eration takes place m ore slowly w hen tem ­
pera tu res are low because of increased viscosity 
of sewage. I t  is possible th a t  heating  the a ir  used 
in the aera tin g  process m ay be desirable under 
extrèm ely low tem p era tu re  conditions.

There w ould  appear to  be no inheren t lim ita­
tion in the ac tiva ted  sludge process th a t  w ould 
in terfere  w ith  its adap ta tion  fo r use in the Far 
N o rth . Designs should provide fo r ample de­
ten tion  periods and fo r large volumes of ac­
tiv a ted  sludge. Digestion facilities should be 
proportioned accordingly.

f. Sludge Digestion and Disposal.
The chief problem  w ith  heated sludge 

digesters engendered by cold w ea ther is the 
added heat requ irem en t to  m ain tain  adiabatic 
digestion. O th er difficulties th a t  have been re­
ported  include the freezing  of liquid seals on

gas domes, m ain tenance of w aste  gas bu rn ers , 
and icing and uneven w eigh ting  by snow of float­
ing covers. Most w in te r  com plaints, how ever, 
stem from  inadequate  sludge storage capacity  
ra th e r th an  from  difficulties w ith  cold.
F igure 2D3-1 shows the relationship betw een 

digestion tan k  capacity  and  tem p era tu re .
Reports of' u n sa tis fac to ry  Imhoff ta n k  p e r­

form ance d u rin g  cold w ea th er have no t been 
uncommon. The causes have usually  been over­
loading, lack of a tten tio n  (cleaning, skim m ing, 
e tc .) , and insufficient hea t in sludge sto rage 
com partm ent.

Difficulties w ith  sludge disposal d u rin g  in ­
tervals of low  tem p era tu re  have been alm ost 
universal. The problem s have been m anifest in 
p a rticu la r  a t sm all p lan ts, w here m echanical 
methods (conditioning, dew atering , incinera­
tion, etc.) are no t practicab le . The com plaints 
have usually  re la ted  to  inab ility  to  remove 
sludge du ring  inclem ent w ea ther. The li te ra tu re  
on the pros and  cons of open versus glass- 
covered sludge d ry ing  beds is extensive and in ­
dicates th a t  th e  question is one of economics, a t 
least insofar as tre a tm en t in tem perate  zones is 
concerned. In  p rac tica lly  all cases, co ld-w eather 
difficulties derive from  beds th a t  are inadequate  
as to size or as to  d ra inage characteristics. 
N early  every experienced opera to r know s th a t  
there is no easy solution to  the problem  of over­
loading sludge beds. I f  repeated  applications of 
sludge are m ade on top of sem i-dry sludge, 
trouble is piled up  fo r th e  fu tu re . Sludge is 
thereby deprived of effective drainage a t the bot- 

. tom , and evaporation  is lim ited because of the 
excessive depth . The accum ula ted  sludge m ay 
require such a long tim e to  a tta in  a spadable con­
dition th a t  it  m ay happen the  nex t cold period 
m ust be m et w ith  an  even m ore un favorab le  
situation  as to  sludge bed capacity .

All such difficulties, i t  m ay be expected, w ill 
be m arkedly  increased in the  A rc tic . O n the 
basis of the re la tive  d u ra tio n  of periods of w arm  
w eather, i t  m ay be estim ated th a t  sludge beds in 
the N o rth  should have capacities from  th ree  to  
six times la rger th a n  those common in conserva­
tive practice in th e  States.

The rela tive  costs of con struc ting , in su la ting , 
and heating of sludge digesters in  the  A rc tic  m ay 
be expected to  be d ifferen t from  those in  the 
States. A ccordingly , i t  m ay be found  th a t  the
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MEAN SLUDGE TEMPERATURE, °F

FIGURE 2D3-1
Relation of Digestion Tank Capacities to M ea n  Sludge Temperature

l A fter Imhoff and  Fair I

optim um  tem p e ra tu re  for N o rthern  digesters 
w ill no t be in  th e  range of 85°-95° F th a t is 
common in tem p era te  zones. A sufficient am ount 
of operational d a ta  are  available to  anticipate 
w ith  a fa ir  degree o f precision the perform ance 
of digestion tan k s  operated  a t any tem pera tu re  
and w ith  any loading w ith in  reason.

A vailable d a ta  indicate th a t  considerably 
longer periods are  needed a t low tem peratures 
to  effect a given degree of com paction of sludge 
th an  are  necessary a t  h igher tem peratures.

g. Effect of Temperature on Self-Purifica­
tion in Receiving W aters.

R ates of biochemical stabilization and bac­
te ria l d ie-aw ay in  stream s are m arkedly  lower 
a t near-freez ing  tem pera tu res th an  a t higher 
ones. This has m uch  significance in the design of 
A rc tic  sewage p lan ts. T he organic m ateria l and 
b acteria  in  th e  effluent of sewage plants w ill per­
sist fo r  m uch  g re a te r  distances and longer times 
in the  cold stream s of the N o rth  th an  in the 
w arm er stream s of th e  con tinental U.S. An in ­
d ication  o f the  tim e requ ired  in the self-purifica- 
tion process is given by the  BOD reaction- 
velocity  co n stan t, k , in  the  first-o rder equation

y  = L (1 -  1 0 - fce)
w hich approxim ately expresses th e , tim e-ra te  of 
biochemical oxidation. In  this equation  y is the 
am ount of .BOD rem aining a f te r  tim e, f, s ta rtin g  
w ith  the in itia l (u ltim a te ) BOD, L. The re ­
ciprocal of the reaction-velocity  constan t,

gives the tim e necessary to  effect a 90 percent
reduction  of the in itia l BOD.

I t  m ay be concluded th a t  purification periods 
3 to  5 times longer are required  a t near-freezing 
tem peratu res. The effect of tem p era tu re  on the 
u ltim ate  oxygen dem and, L, is less pronounced. 
The die-aw ay ra tes  of such pathogenic bacteria  
as Eberthella typbosa, Salmonella schottmuelleri, 
and Entamoeba histolytica decrease by a fac to r 
of 2 to  3 fo r each 50° F decrease in tem pera tu re .

In  view  of th e  re ta rd in g  effect of low tem péra­
tu res on bac teria l die-aw ay, i t  w ould appear 
essential th a t  a t  m any sites facilities fo r chlorina­
tion be provided in A rc tic  sewage plants dis­
charg ing  in to  w ate rs  th a t  are used fo r w a te r  
supply.

Stream  reaera tion  ra tes  are low er in cold 
w a te r  th an  in w arm  w a te r. Adeney found a de-
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crease in the reoxygenation ra te  of abou t 17 per­
cent w ith  each decrease of 50° F. This figure 
applies to open stream s; reaeration  in ice-covered 
stream s m ay be negligible.

I t  is evident from  all of the foregoing con­
siderations th a t  requirem ents as to  the degree of 
trea tm en t in a sewage p lan t in a region where 
the mean tem p era tu re  is less th an  10° F du ring  
a large p a r t  of the year m ay differ m aterially  
from  those th a t  suffice in tem perate zones.

3. W EA TH ERPRO O FIN G  A N D  H EA TIN G .
The im portance of proper siting of sew­

age plants in the A rc tic  can hard ly  be over em­
phasized. M arked differences in the degree of 
exposure of buildings to  w ind and cold are 
created  by re latively  m inor featu res of topog­
raphy. Local mean tem peratu res differ consider­
ably a t different sites in N o rth e rn  areas where 
long shadows are cast by the sun d u rin g  a large 
portion of the year. The average w ind velocity 
increases abou t in proportion to  the cube root of 
the height of a s tru c tu re  above the m ean local 
elevation.

A w arm  zone of soil and m elted fro s t exists 
around heated tanks and other sewage tre a t­
m ent devices th a t  are m aintained in frozen 
ground. This zone aids in insu la ting  against 
cold air. The volume of the zone varies from  ap­
proxim ately one to  tw o times the volume of the 
s tru c tu re , depending upon the tem p era tu re  dif­
feren tial. D u ring  a period of extrem e cold the 
volume of the un frozen  zone slowly decreases—  
m easurem ents show th a t  the lag in response to 
new conditions is of the o rder of a m onth, since 
the heat capacity  is large and the conductiv ity  is 
small. The w arm  zone un der and around  a tan k  
acts as a heat reservoir th a t  effectively buffers 
the s tru c tu re  against extrem e cold periods of 
short du ra tion  such as are usual in the States. 
I f  the cold period is prolonged to  the du ra tion  
of extrem e cold th a t  occurs in the A rc tic , the 
buffering action m ay fail, and unless the s tru c ­
tu re  is well insulated  and heated, it  can no t con­
tinue to  operate. For this reason it  can no t be in­
ferred  th a t  a design th a t  has been successful a t, 
say, —30° F in the n o rthern  U.S. w ill perforce 
be sa tisfacto ry  in the A rctic .

a. Design Criteria.
In the economical design of the various 

un its of a sewage p lan t, it  is of key im portance 
to  strike an optim um  balance betw een expendi­

tu re  for insulation and  th a t  fo r heating . Rele­
v an t da ta  include (1 ) the degree-days of cold 
based upon the opera ting  tem p era tu re  of the 
u n it (40° F fo r a se ttling  ta n k , 90° fo r a digest­
e r) ra th e r th an  the conventional 65° F used in 
the common definition of degree-day; (2 ) the 
availability  and feasib ility  of the use of different 
types of insulation; and  (3 ) the  physical p roper­
ties of the soil a t the  site.

A sum m ary of hea t tra n s fe r  d a ta  fo r  sewage, 
sludge, and sewage p lan t construc tion  m aterials 
is presented in the  follow ing outline. [See also 
Section 2A 8.]

q = ( £ ) A ( T 2 - T 1)
where
q =  heat flow, B tu /h r
k  = therm al con du c tiv ity , B tu /h r / s q  f t /

°F /1  in.
x  = thickness of the  m ateria l in inches, 

m easured in the d irection  of heat flow 
A = area of the  m ateria l norm al to  the  d i­

rection of hea t flow, square feet 
T ], To =  boundary  tem p era tu re , °F

C onductivity of fluids 
(k , B tu /h r /sq  f t / ° F / l  in.)

W ater 
Sewage 
R aw  sludge 
P a rtly  digested 

sludge
Digested sludge 
Ice

4 .°
4.0 to  4.1 
4.5

5.0
5.1

13.0 to  17.0
The over-all coefficient of hea t tran sfe r, U 

(B tu /h r / ° F /s q  f t ) ,  fo r  com pound w alls of several 
m aterials (includ ing  airspaces) shall be selected or 
com puted as ind icated  in th e  ASHVE Guide.

H eat flow m ay be com puted from  the  follow ­
ing relation:

q = U A  ( T o - T , )
The over-all tra n s fe r  coefficients fo r concrete 

tanks contain ing sewage o r sludge v a ry  m a rk ­
edly w ith  the m oisture of the  su rro un d in g  soil. 
Typical values are  as follow s:

Condition U (B tu /h r /sq  f t /° F )
Concrete tan k  in d ry  soil, 0.10

top covered and  flush 
w ith  surface
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Condition
C oncrete ta n k  in d ry  soil, 

top covered, w ith  Va of 
s tru c tu re  aboveground

C oncrete ta n k  in w et soil, 
top covered, w ith  Va of 
s tru c tu re  aboveground

U (B tu /hr/sq  ft /°F )
0.20

0.40 to  0.75

C oncrete ta n k  in w et soil, 
top open, w ith  Vi of 
s tru c tu re  aboveground 1

H oused tr ick lin g  filters 
Open tr ick lin g  filters

1.0 to  2.5

0.5 to  2.0 
2.0 to  6.0

1 H ea t loss variab le , depending on w ind, h um idity , and ra te  of/ 
flow.

The heat m ain tenance problem in A rctic 
p lan ts is of sufficient im portance to  ju stify  some 
compromise betw een the shaping of units for 
efficiency in  se ttling  or in ventilation and the 
shaping fo r m axim um  heat conditions.

The cooling of still w a te r  (in a tan k ) proceeds 
w ith  the  tra n s fe r  of heat to  the atmosphere. 
The up per layers of w a te r  become more dense 
and sink to  the bottom , forcing w arm er w ater 
u p w ard . The process continues u n til the body 
of fluid becomes iso therm al a t 39.2° F. As the 
cooling progresses, the  density of the upper 
layers is decreased; they  rem ain a t the top and 
are rap id ly  cooled to  the freezing point. Freezing 
begins (u sua lly  a t the edges of the tan k )  a fte r  
an am ount of hea t equal to the la ten t heat of 
fusion (144  B tu /lb )  has been abstracted . As 
the ice sheet is b u ilt up , the ra te  of heat transfe r 
is reduced by the  in su la ting  action of the ice 
itself.

The hea t, H  ( B tu /h r ) ,  necessary to  m aintain 
the tem p era tu re  drop , T, — T 0, ( °F ) , a t any de­
sired am ount in a sewage trea tm en t device w ith  
a surface  area A  (sq uare  feet) and an over-all 
hea t tra n s fe r  coefficient, U (B tu /h r /s q  f t ) , and 
ca rry in g  a discharge of Q (m gd) m ay be com­
pu ted  approxim ately  from  the following heat 
balance equation :
H  = U A

= U A

[(

[(

T, +  T0
2

Tj +  T0
2

m

) _r"i

(1 0 ) r> Q (T , -  Tn)

347,000 Q (Ti — T0)

I f  no heat is added to  the s tru c tu re , the inlet 
tem p era tu re  m ay be calcu lated  from  the other 
quantities, if these are know n, by the following 
relation:

(694,000 Q +  U A ) T 0 - 2 U A T n 
Ti ~  694,000 Q -  U A

Likewise, the o u tle t tem p era tu re  m ay be cal­
cu la ted  from  the equation

_  (694,000 Q -  17 A)Tj  +  2U A  T(t 
T° ~  694,000 Q +  U A

if  the o ther variables are know n.
b. Planning. A ccording to  the N ational Re­

search Council com m ittee report, the following 
points are im p ortan t in planning and operating 
heating  facilities fo r sewage w orks.

(1) I t  is advantageous to  use the same 
basic plan for heating  sewage, sludge, buildings, 
and equipm ent. This simplifies operation, m ain­
tenance, and repair.

(2 ) In te rn a l heat exchanges w ith  hot 
w a te r  coils or ex te rn a l heat exchangers may be 
used for heating  facilities, and a selection of the 
type should be m ade a f te r  consideration of all the 
advantages and disadvantages for the p a rticu la r  
type in question a t the installation  under considera­
tion. F igure 2D3-2 shows possible arrangem ents 
fo r ex tern a l heat exchangers.

The follow ing advantages and disadvantages for 
heat exchangers are listed from  Ref. 77.

A. In te rn a l H ea t Exchangers: H ot W ater Coils 
in T ank

1. Types: vertica l and horizontal. V ertical less 
prone to collect sludge and form  scale, b u t 
are more likely to  induce high-velocity th e r­
m al cu rren t. Accessibility is chief advantage 
perta in ing  to  vertica l. Coils embedded in 
w alls do no t accum ulate  scale or corrode on 
the outside, b u t have a low er over-all heat 
tra n s fe r  coefficient.

2. A dvantages.
a. Simplicity.
b. Easy to  combine w ith  sludge digester 

heating  arran gem en t if  common m ethod 
of heating  is used in la tte r .

c. Scale form ation  less w ith  relatively  large 
area of coils (as com pared w ith  small 
area of tra n s fe r  used in o ther heating  
m ethods).
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HEATER

(A) HEATER O N  INFLUENT LINE

o = HEATER

(B) HEATER O N  RECIRCULATION LINE 
FROM TANK OUTLET TO TANK INLET

t ô l HEATER

(C)HEATER NEAR TAN K WITH SEPARATE 
SU CT IO N  A N D  D ISCHARGE LINES

F IGURE 2D3-2
A rra ngem ent of External Heat Exchangers 

IRef. 771

3. D isadvantages.
a. T em peratu re  nonuniform  in ta n k  and 

therm al cu rren ts  m ay im pair settling  
efficiency.

b. H igh local tem pera tu res m ay cause 
sludge flo tation; anaerobic biological ac­
tiv ity  m ay cause odors. Gases coming 
ou t of solution on and near coils m ay in­
te rfe re  w ith  settling.

c. W aste heat.
(1 ) In  flue gas from  boiler.
(2 ) In  transm ission line from  boiler to 

digester.
d. Settling ta n k  o u t of service d u rin g  re­

pair of ho rizon ta l coils.
B. E xternal H ea t Exchangers 
1. Location.

a. On in fluent line [ (A )  of F igure 2D 3-2].
b. O n rec ircu la tion  line from  ta n k  o u tle t to 

tan k  in let [ (B )  of F igure 2D 3 -2 ]. W hen 
rec ircu la ted  flow is heated , ta n k  tem ­
p era tu re  m ay be controlled tw o  w ays:

(1) by v a ry in g  the  ra te  of rec ircu la tion  
and (ii) by  v a ry ing  the  tem p era tu re  
grad ien t in  th e  exchanger. W ith o u t re­
c ircu la tion , only the la t te r  m ethod of 
control is available. H ence B i b  and 
B 1 c afford m ore positive con tro l— tem ­
p era tu re  m ay be m ain ta ined  even w hen 
the p lan t inflow is low or zero.

c. N ear ta n k  w ith  separate  suction and  dis­
charge lines [ (C )  of F igure  2 D 3 -2 ]. N o t 
so sa tisfac to ry  as b because of th erm al 
cu rren ts  resu lting  from  no nuniform  dis­
tr ib u tio n  of hea t in  ta n k .

2. A dvantages.
a. Readily accessible fo r repair.
b. Settling ta n k  need no t be tak en  o u t of 

service to  rep a ir hea t exchanger, since i t  
m ay be heated  by ano ther hea t exchanger.

c. H igh velocities in exchanger b ring  abou t 
higher h ea t tra n s fe r  coefficients.

d. M uch developm ental w o rk  has a lready  
been done on ex te rn a l h ea t exchangers fo r 
sludge hea tin g  in sm all p lants. Com m er­
cial heaters using gas and  gas-oil bu rn ers  
w ith  au tom atic  th erm osta tic  con tro l are 
available. [F ig u re  2D 3-3 .]

e. H eat m ay be applied to  flow in in le t pipe 
(B 1 a and  b ) ,  avoiding sharp th erm al 
gradients in  ta n k  th a t  m ay in te rfe re  w ith  
settling. H ow ever, if  inflow ing fluid is 
considerably w arm er th a n  average tem ­
p e ra tu re  in  the  ta n k , i t  m ay ride over 
tan k  fluid d irec tly  to  the  ou tle t. Short- 
c ircu itin g  of th is n a tu re  m ay resu lt in 
inadequate tre a tm en t. M oreover, the  
lower po rtion  of the fluid m ay develop 
objectionable odors i f  c ircu la tion  is in ­
adequate.

3. D isadvantages.
a. Large tem p era tu re  g rad ien ts in  ex­

changer tend  to  accelerate  the ra te  of 
bu ild -up  of scale.

b. W astes heat.
( 1 ) In  flue gas.
(2) In  transm ission to  digester.

c. I f  rec ircu la tion  fluid heated  ( B i b  and  
c ) , then  ta n k  volum es m ust be increased 
to  prov ide necessary detention  period. 
(This w o uld , of course, no t be disad­
vantageous i f  rec ircu la tio n  w ere o th e r­
wise necessary, as in  h ig h -ra te  filtra tio n .)
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Circula tion  D iagram  of G a s - and O il-Burning Heat Exchanger System  I Ref. 771

C. Subm erged Gas B urners
1. Sim ilar in  design to  types developed fo r 

sludge beating . In  application to  settling 
ta n k  h eat, no gas h aza rd  entailed. Many 
problem s of design have already been w orked 
o u t fo r  subm erged bu rners in o ther applica­
tions.

2. A d van tag e : 100 percen t efficient use of fuel 
— no losses in  flue gas or in transm ission.

3. Possible d isadvan tage: odors caused by very 
high local tem p era tu res (no t a problem in 
the  closed digester system ).

D. D irec t A ddition  o f H o t W ater
1. A dvan tages.

a. Saves cost o f coils.
b. M ay be added to  sewage flow in a m an­

n e r such th a t  sharp tem peratu re  
g rad ien ts  in  ta n k  do no t occur (m ul­
tip le  o u tle ts ) .

2. D isadvantages.
a. W a te r  costs m ay  be high.
b. Possibility fo r  cross-connection w ith  

po tab le supply. (H ow ever, protection 
against such a cross-connection may 
easily be p rov ided .)

c. T a n k  w o u ld  have to be m ade larger to  
handle increased flow a t the requisite de­
ten tio n  period.

d. D ilu tion  likely to  im pair sedim entation 
efficiency.

£ . D irec t A ddition of Steam
1. Point of injection.

a. On suction side of pum p (if  raw  sewage 
pum ped a t p la n t) . W ould require low- 
pressure, hea t-type  boiler.

b. On pressure side of pum p. W ould re ­
qu ire high-pressure, pow er-type boiler. 
Possibility th a t  design m ight utilize p ro­
pelling pow er of steam  jet.

c. D irectly  in to  settling  tan k . D isadvan­
tage: add itional baffling m ight be neces­
sary  to  p reven t excessive tu rbu lence. 
A dvan tage: un iform  d istribu tion  of heat 
— sh o rt-c ircu iting  possible w ith  a and
b.

2. A dvantages.
a. Considerable experience available (C ali­

fo rn ia) w ith  sludge heating by d irect ad ­
dition of steam . A num ber of design 
problems (e.g., noise and vibration  of 
je t)  have been solved.

b. A m ount of d ilu tion  by condensate not 
large. (A t one installation: 1 gal con- 
den sa te /10°  F tem p era tu re  rise for every 
110 gal of sludge heated.)
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c. F lexibility of operation; sim plicity of in­
stallation .

d. Steam available a t m ilita ry  posts fo r h ea t­
ing buildings and utilidors.

3. D isadvantages.
a. W aste heat:

( 1 ) In flue gas.
(2) In  transm ission (not, how ever, if 

rou ted  th ro u g h  u tilid o r) .
b. H igh local tem peratu res in v icin ity  of jet 

may release gases from  solution: small 
bubbles m ay in térfere  w ith  settling  by 
buoying particles to  surface.

c. Summary»
A substan tia l p a r t of heat needed in A rc­

tic sewage p lan t operation m ay be supplied by 
heating  the w a te r  supply or the sewers, utilidors, 
and pum ping stations. Indeed, in some cases this 
am ount m ay be sufficiently large so th a t  no addi­
tional heat w ill be needed a t the sewage plant. 
The proportion of heat supplied in the sewerage 
system relative to  th a t  supplied a t the p lan t will 
differ a t different posts depending upon local 
conditions, size, and percent occupancy. H ea t­
ing a t the p lan t m ay be necessary d u rin g  severe 
cold (a) w ith  w a te r  supply or sewage systems 
th a t are unheated  or heated insufficiently to  pre­
vent freezing a t  the p lan t, and (b) w hen the 
heating system in the sewer fails. The objectives 
of p lan t heating  are to  p reven t (a ) in te rru p tio n  
or im pairm ent of trea tm en t by freezing or cold,
(b) dam age to  trea tm en t devices by ice, and
(c) excessive ice form ation in the o u tfa ll and in 
the v icin ity  of the point of discharge.

Foremost am ong the various considerations 
th a t  are im p ortan t in the design of sewage tre a t­
m ent plants in the F ar N o rth  are the following:

1. P lan t un its  should be designed in replicate 
w herever possible. By re ta in ing  the 
proper num ber of un its  of each type in 
service, prolonged detention periods th a t 
increase freezing hazards m ay be avoided.

2. All m ajor p lan t un its  should be covered 
or housed.

3. Tanks should be designed so th a t  they may 
be rap id ly  and com pletely drained.

4. Provision should be m ade fo r em ergency 
heating of im p o rtan t tre a tm en t devices.

3. The capacities of tan ks and filters should 
be determ ined w ith  due regard  to  the  ad­
verse effect of low tem p era tu re  upon tre a t­

m ent efficiencies and upon the ra te  of self- 
purification  in  receiving w aters.

2D3.03 SEWERAGE SYSTEMS

1. DESIGN FACTORS. S tren g th  and flow of 
sewage from  m ilita ry  insta lla tions v a ry  som ew hat 
from  streng th  and  flow fo r civ ilian com m unities. 
M ilitary sewage is m ore con cen tra ted , and flow 
more closely equals w a te r  consum ption. F igure  
2D3-4 shows norm al flow charac teristics fo r sew ­
age wastes from  fixed in stallations.

Factors most affecting design and operation are 
the in tensity  and d u ra tio n  of cold. Because w a te r  
is only slightly above the freezing  point, sewage is 
colder th an  usually  found  in  tem perate  clim ates 
unless sewers ca rry in g  the w astes are located in 
steam -heated u tilido rs. U n der such conditions, the 
sewage m ay be found  to  be abnorm ally  w arm . Re­
tarded  biochemical reactions lessen the ab ility  of 
receiving w a te r  fo r se lf-purifica tion  and lessen the 
bacterial die-aw ay ra te .

Conventional design of sewage w orks m akes 
them  p a rticu la rly  sub ject to  adversity  d u rin g  cold 
w eather. Sewer ven ting  to  the  open atm osphere, 
large open basins, w idely dispersed tre a tm en t un its, 
and sim ilar fea tu res of conventional design en­
hance the problem s of freezing. M any operational 
inconveniences and even com plete breakdow n m ay 
occur under the m ost c ritica l clim atic conditions.

Collecting-sew ers systems are  feasible in the Cold 
Regions. They m ust be co n stru c ted , how ever, so 
th a t they can be m ain ta ined  operative by added 
heat a n d /o r  by re ten tion  of m axim um  sewage heat 
by insulation and app ro p ria te  design. A t fixed 
installations w here u tilido rs  are used fo r w a te r  
d istribu tion , sewers usually  have been placed in 
the u tilido r fo r p ro tec tio n  from  low tem pera tu res. 
In some places, sewers m ay also be operated satis­
fac to rily  by p lacing them  d irec tly  in the ground  
w ith o u t using a u tilid o r.

2. SEWERAGE SYSTEMS IN  UTILID O RS. 
U tilidors con struc ted  in a m anner sim ilar to  those 
discussed in Section 2B2 have been used fo r ca rry in g  
sewer services. U tilido rs have been used ju s t fo r 
protection of sewers or fo r transm ission of both 
w a te r  mains and sewers. T he la t te r  a rran gem en t 
presents undesirable conditions th a t  m ay lead to  
contam ination of the  w a te r  supply. T he salient 
featu res in con struc tion  of u tilid o rs  for w a te r  dis­
trib u tio n  m ust also be considered in p lanning and 
constructing  u tilido rs  fo r sewers. Sewers placed
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FIGURE 2D3-4
Curves Sho w ing  Variation in  Sewage Flow, Ch lo rine  Dem and, and  Rate of Feed
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in u tilidors are m uch  m ore expensive to  construc t 
th an  sewers installed  d irec tly  in th e  g rou nd ; m ain­
tenance, how ever, is less expensive, and the  cer­
tain ties of operation d u rin g  all periods are g reater. 
The underground  type of u tilid o r is more p ractical 
fo r use in established com m unities th an  the above­
ground  u tilido r because of the  difficulty of m aking 
connections to  the la t te r . Sewers laid in utilidors 
govern the slope of the u tilid o r to  a g rea t degree. 
Sewers placed in  u tilidors th a t  do no t also ca rry  
steam  lines fo r transm ission of hea t from  a cen tra l 
heating  p lan t should be heated  e ither by a steam 
tra c e r  line placed in  the u tilid o r or by c ircu lation  
of w arm ed air.

3. SEWERS PLACED D IRECTLY IN  
GROU ND. In  con struc ting  sewerage systems 
placed d irectly  in the g round , care m ust be tak en  to 
use sewers whose m aterials have a re la tively  high 
insulation value, and insulation  such as peat, moss, 
gravel, and so on, m ust be placed around  the sewer 
in the ground. M asonry, concrete, v itreous, and 
iron  sewers conduct heat re la tive ly  rap id ly . Con­
duction  losses m ay be excessively high in these 
sewers if  proper insulation  is no t provided.

a. Utilization of N atural Heat. Sewers 
should be located to  avoid com paction of the  soil 
over them . Com paction occurs in the cen ter of a 
street. They should be located p referab ly  in  alleys 
o r o ther places w here snow cover w ill be the g rea t­
est and vegetative cover m ay be u tilized . They 
should also be located so th a t  they  are no t in 
shadow when the  sun is shining. By follow ing 
these m ethods m ost efficient use is m ade of the 
n a tu ra l heat.

Special arrangem ents fo r hea t conservation in 
ven ting  the sewerage system are  necessary. S tand­
a rd  venting of m anholes, w ith  openings to  the 
A rctic  air, is no t p rac tica l. Large exposed openings 
a t o u tfa ll points should be designed and con­
s tru c ted  to  m inim ize heat losses by d ra f ts  of cold 
a ir  in to  the system.

Sewers m ay be placed to  tak e  fu ll advan tage  of 
la te n t heat of fusion of en trap ped  g round  w ate r 
w here such heat is of significant value. In  this 
location, how ever, i t  is difficult to  keep in filtra tion  
a t a m inim um .

b. Stability . Sewers placed in  soil th a t  loses 
its stab ility  w hen thé  perm afrost is d is tu rbed  m ust 
be designed and con struc ted  w ith  adequate  sup­
ports and foundations to  m ain ta in  proper aline- 
m ent under all conditions. O rig ina l construction

and slopes m ust be exac t, and  piling anchored in 
perm afrost m ay be requ ired  to  m ain ta in  grades 
in some soil (F igu re  2D 3-5 ). (See Sections 2A6 
and 2A8.)

c. Maintaining Flow. E ach section of a sew­
erage system has ce rta in  s ta tic , o r fixed, hea t losses 
un der a given condition of flow and g rou nd  tem ­
p era tu re ; flow and  tem p era tu re  a t any given tim e 
in a sewer m ust be sufficient to  satisfy  the  fixed 
heat losses of the system  and  y e t p reven t freezing  
of the sewage. In  m any instances, i t  m ay be sim­
pler to  regula te  flow of sewage in the system or a ir 
tem peratu re  w ith in  the sew er th an  to  a ttem p t to  
heat all of the sewage to  p rev en t freezing. Sewage 
m ay be d ilu ted  to  m ain ta in  the  desired flow, or by 
using pumps and pum ping wells it  m ay be possible 
to  m aintain a som ew hat con tinuous m inim um  flow 
in the system. Steam  condensate should be used 
w herever available to  keep sewer installations 
from  freezing.

4. PUM PING STA TIO N S POSSIBLY NECES­
SARY. Because o f the  generally  fla t te r ra in  in 
m any A rctic  com m unities, i t  m ay be necessary to  
install sewage pum ping  stations a t  one or m ore 
points in the collection and  disposal system. These 
stations are p a r tic u la r ly  necessary in systems de­
signed to operate th ro u g h  u tilido rs  or as nearly  as 
possible a t some fixed dep th  in  relation  to  the 
perm afrost table.

a. Problems Encountered. The Subcom m it­
tee on W aste Disposal of the  Com m ittee on Sani­
ta ry  Engineering and  E nv ironm ent, N a tio n a l Re­
search Council, repo rted  as follows. (R ef. 78.)

The chief difficulties associated w ith  opera­
tion of these stations in  th e  n o rth e rn  U nited  
States have been:

1. O perating  fa ilu res, caused by
a. Clogging of pum ps
b. Loss of pow er
c. Stoppage of au tom atic  controls

2. Insufficient ven tila tion , causing
a. Explosion hazards
b. H ea lth  hazards to  employees
c. Excessive condensation and corrosion 

of equ ipm ent
d. Excessive odors

3. Flooding of the  s ta tio n , caused by
a. S urface w a te r
b. Pum p fa ilu re  w ith o u t overflow
c. B acking up  of sewers

4. U nsatisfac to ry  m ain tenance, caused by
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FIGURE 2D3-5
Vertical A linem ent Support for Sew er in Perm afrost That Becomes Unstable W hen  Thawed

a. Insufficient room to provide w orking 
space a roun d  the equipm ent

b. H azardo us w ork ing  conditions in the 
sta tion

c. Insufficient methods of rem oval of 
screenings

d. D ifficult access th rough  heavy m an­
hole covers and exposed ladderw ays.

I t  is ap p aren t th a t  the foregoing problems en­
countered  in tem perate  areas ^re intensified in in ­
stallations m ade in perm afrost areas, w here air 
tem p era tu res are m uch low er for longer periods 
and w ind velocities are critica l.

A dditional requirem ents for design of pump 
stations crea ted  by these conditions include the 
follow ing [R ef. 7 8 ]:

1. Need fo r conservation of heat in all ways 
possible, especially the heat in the sewage, to 
p ro tec t against low ering of tem pera tu re  and 
freezing in sew er system or trea tm en t p lant.

2. N eed fo r m inim um  heat loss to the su r­
rounding  soil from  the s tru c tu re  to avoid th aw ­

ing of the perm afrost and possible foundation 
failures. [See Section 2A 8.]

3. Need for provision of sufficient source of 
heat in the s tru c tu re  to assure against freezing 
of sewage or inoperation of the equipm ent.

b. Disadvantages of W et-W ell and Dry- 
Well Types. The N ational Research Council report 
also lists the follow ing disadvantages in conven­
tional w et-w ell and d ry-w ell design for pum p sta­
tions. (Ref. 78.)

1. The storage in the w et well facilitates 
loss of heat from  the sewage and into the ad­
jacen t ground .

2. The open discharge perm its release of en­
tra ined  and volatile gases.

3. The large excavation and the exposed w all 
area fac ilita te  loss of heat to the surrounding  
ground and possible foundation  failures.

4. The ven tilation  problem  is difficult.
D isadvantages of the single-cham ber, tw o-story  

type of station  (F igure 2D 3-6) w ith  a w et well in 
the bottom  are sim ilar to  disadvantages of the w et-
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and dry-w ell types. In the tw o-story  type the size 
of the excavation is reduced, b u t the overall depth 
is increased and ven tilation  and m aintenance prob­
lems are m uch more difficult.

c. Advantages of Enclosed Storage Single- 
Chamber Type. In  reference to a pum p station 
w ith  enclosed storage in a single cham ber (Figures 
2D 3-7, 2D3-8, and 2D 3-9) the N ational Research 
Council report gives the following advantages and 
comments. (Ref. 78.)

1. Sewage is stored a shorter period of time.
2. Gas and ven tilation  problems caused by 

sewage are minimized.
3. U nderground  stations are more easily 

constructed .
4. Storage u n it can be readily insulated.

N O TE: Details of design and construction  of pum p 
stations should be in accordance w ith  recom m en­
dations presented in Section 2A6.

d. Pumps (R ef. 78 ).
The selection of pum ps for this type of 

station can be m ade from  several special types of 
sewage pum ps available. [F igures 2D3-8 and 
2D 3-9] show examples of special types of pum ps 
which do not requ ire  rem oval of screenings. The 
ejector type [F ig u re  2D 3-9] m ay be operated  by 
either steam or compressed a ir  w hich perm its 
remote source of pow er. A dditional types are 
available and are being developed to overcome 
problems associated w ith  clogging of pum ps. 
G rinders or c u ttin g  equipm ent w hich are en­
tirely  enclosed can be used ahead of the pum ps. 
W here flooding is a possibility, w a te rp ro o f mo­
tors can be used.

e. Access Ways. W herever possible, pum p 
stations should be located in heated s tru c tu res. If  
such an arrangem ent is not possible, access w ays to 
pum p stations should be con struc ted  to minimize 
heat losses and to  m ake them  readily accessible. 
D rifted  snow, ice, and stron g  w inds necessitate 
orientation and design suited for ready use even 
d u ring  the w orst w eather.
2D3.04 WASTE DISPOSAL METHODS

1. PROBLEM. N um erous methods are em ­
ployed to dispose of sewage in the A rctic , b u t the 
effectiveness and safe ty  of m ost of them  are g rea tly  
im paired by low tem p era tu res. U sual processes of 
decomposition do not appear to occur w ith in  p e r­
m afrost. O rganic m aterials exposed on the surface 
of the ground, or placed w ith in  shallow top layers 
of seasonally th aw ed  g round , decompose slowly. 
An abundance of psychrophilic organism s ap­
paren tly  accomplish the process along w ith  frost 
and chemical action.

2. BURIAL. W hen it  is p rac tica l and w hen a 
suitable active zone can be relied upon, wastes 
should be placed u n d erg ro u n d , w holly w ith in  the 
active zone. The forces of n a tu re  th a t b reak  dow n 
and destroy such w astes are m ost effective ju s t a t 
the ground su rface , u n d er suitable tem p era tu re  
conditions. H ow ever, w astes m ust not be th ro w n  
indiscrim inately on the g round  surface. Im ­
provised bu rners for disposal of burnable  w astes 
and refuse m ay be con struc ted  from  abandoned 
fuel containers, such as those shown in F igures
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FIGURE 2D3-7
Se w a ge  Lift Station , Single  Cham ber and Pum p I Ref. 781
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2D 3-10 and 2D 3-11. Fecal m aterial does not 
readily b u rn  and creates a serious odor nuisance 
d u rin g  the bu rn in g  process unless properly de­
signed equipm ent is used fo r incineration.

3. BOX A N D  CA N  SYSTEM. The cham ber pot 
and box and can systems of sewage disposal are by 
fa r  the m ost common m ethods for w aste disposal 
in the Cold Regions. U ltim ate  disposal of collected 
wastes by indiscrim inate dum ping should not be 
to lera ted . F igure  2D 3-12 shows a typical modi­
fication of the s tan d ard  la trine  box fo r use w ith  
cans. Em ptied fuel barre ls  m ay be used for collect­
ing the con ten ts of cans. Filled barrels m ay, under 
some conditions, be placed in fill a t isolated points 
w here th ere  is no possibility of contam inating a 
w a te r  supply and w here there  is adequate m aterial 
fo r fill.

4. IN C IN E R A T IO N . An experim ental w aste 
incinerato r has been developed for use w here o ther 
sewage disposal means are  unsatisfacto ry . A skid- 
m ounted portab le  u n it, it  w ill satisfacto rily  in-
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FIGURE 2D3-11
Diagram  of Im provised Inclined-P lane G arbage  

Incinerator

cinerate  hum an w astes w ith o u t serious odor nu i­
sance. N inety  pounds of hum an w aste m ay be in­
cinerated  a t one charge and w ith in  2 hours. Twice 
daily operation fo r a to ta l period of 3 hours per­
mits incineration of the 40-percen t g rea te r am ount 
of w aste an tic ipated  for A rctic  installations.

U nder the tran sien t conditions of m ilita ry  field 
operations, incineration  is the most expedient 
means of hum an w aste disposal. Incineration  can 
be readily  adap ted  to  field use w ith  a minim um  
w eight, space, and installation  tim e, b u t the aux ­
iliary  fuel necessary requires adequate planning 
fo r fuel supply. A pproxim ately 1 % pounds of

diesel oil or gasoline per m an per day m ust be p ro ­
vided as fuel supply fo r presen tly  designed un its. 
A lthough disposal by a field-type po rtab le  in ­
c inerating  u n it is extrem ely  mobile and meets 
health  requirem ents, i t  should only be used by ad ­
vance un its th a t  can no t em ploy other su itable 
means. W aste incineration  fo r a 250-m an u n it can 
be combined in one fac ility  fo r garbage disposal, 
fecal w aste, space heating , and possibly w a te r  h e a t­
ing, provided adeq uate  care is tak en  to  p reven t 
contam ination of w a te r  by fecal m a tte r.

Specially adap ted  tray s  m ay be used in the  in ­
c inerator for b u rn in g  garbage. The efficiency of 
the u n it, how ever, is m uch less fo r this k ind  of 
operation.

F igure 2D3-13 shows a recen tly  developed com ­
m ercial to ile t-inc inera to r u n it designed fo r tem ­
porary  and sem iperm anent housing no t hav ing  
conventional sew erage systems. I t  consists p r i­
m arily  of a to ilet and an a ttach ed  in c in era to r w ith  
a m anually  operated  conveyor betw een the tw o 
for carry ing  hum an w aste from  the to ilet to  the 
incinerator. The in c in era to r cham ber, m ade of 
stainless steel, is heated by a con tinuo us-bu rn ing  
100 ,00 0 -B tu /h r, oil- or gaso line-burning heater 
of conventional design sim ilar to  blow er-type air 
heaters. The b u rn e r  flame is d irected  a t the in ­
cinerator cham ber so th a t  fecal m a tte r  is bu rned

FIGURE 2D3-12
M ethod of Adapting  Standard Latrine Box for Use as Pail Latrine
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com pletely w ith  p rac tica lly  no odor or ash. Fumes 
are  ca rried  outside th ro u g h  the heater exhaust 
stack . Because th e  inc inera to r b u rn er is a con­
tin u o u s-b u rn in g  type, its 60,000 B tu /h r  of heated 
un con tam in ated  a ir  and  40,000 B tu /h r  of con­
tam in a ted  a ir  can  be u tilized  to  provide heat for

the bu ild ing itself. The illustra tion  shows only one 
to ilet u n it ;  possibly tw o  or th ree un its could be 
readily  handled  by the  10 0 ,0 00 -B tu /h r incinerator 
or a sm aller in c in era to r used for only one toilet. 
Fuel consum ption ranged  from  0.4 to  0.8 g a l /h r  
a t  con tinuous b u rn in g  fo r the  u n it shown.

INCINERATOR BURNERI 
EXHAUST STACK

TOILET

CONVEYOR 
OPERATING HANDLE

INCINERATOR
CHAMBER

TOILET PAPER ROLL 
RETAINER

HEATER BURNER'

FIGURE 2D3-13
Self-Contained, Dry-Flush, Incinerator-Type Toilet

W
W  tfof
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Section 4. GARBAGE AN D  REFUSE DISPOSAL

2D4.0I LOW-TEMRERATURE FACTORS

In  the Cold Regions, perm anen tly  frozen ground 
and prevailing low tem p era tu re  necessitate modi­
fication of norm al garbage disposal practices. 
N orm al decomposition th a t  occurs in controlled 
fills is seriously re ta rd ed  in perm afrost, and the 
mechanics of garbage bu ria l in these difficult areas 
is also an im pedim ent to  such practice. Lack of 
ou tlets for sewage, rela tively  high fuel costs, and 
rigorous clim atic conditions com plicate disposal 
by o ther methods. H ow ever, these factors do not 
erase the im portance of p roper disposal even in the 
Cold Regions. F ilth  is conducive to  the spread of 
disease, and wastes m ust be rem oved beyond sight 
and smell.

There are m any insects in the Cold Regions at 
certa in  seasons, although  the housefly is no t com­
mon. Rodents are also p revalen t in some A rctic 
communities. W here garbage and w aste are acces­
sible to rodents and insects, problems sim ilar to 
those found in tem perate clim ates m ay arise.

The Subcom m ittee on W aste Disposal of the 
Committee on S anitary  Engineering and E nviron­
m ent of the N ational Research Council reported  as 
follows. (Ref. 79.)

Regardless of clim ate, soil conditions, or the 
size or m obility of the group, garbage disposal 
methods are p redicated  upon:

1. G etting wastes ou t of sight, w ay , and 
smell of the ind iv idual or group.

2. Convenience in disposal.
3. Economy.
4. Ind irect effect upon public health .
5. And, possibly, d irec t effect upon public 

health.
All present-day garbage disposal m ethods ex­

cept prom iscuous dum ping are dependent upon 
volum etric reduction  or d ilu tion  of wastes w ith  
w a te r  to a degree w hich is sa tisfacto ry  for the 
m aterial and area concerned. All disposal 
methods u ltim ate ly  depend upon dum ping of 
either bulk or concentra ted  wastes. Some proc­
esses stabilize all organic or putrescible m aterial 
contained in the garbage; how ever, either 
m ethod leaves a noisome, unstab le m aterial. In 
regions where soil is insufficient to cover gar- 
bage or where it is impossible to keep the wastes 
out of ground water used for domestic water

supplyy (a) bu lk  or concentrated wastes m ust 
be reduced to a stable, noninfectious condition 
prior to ultimate disposal, or (b) they m ust be 
adequately removed from  the area. Rem oval of 
w aste to a po in t beyond the  flight range of flies 
and other insects and placem ent in such a fashion 
th a t it does no t con stitu te  food and harbo rage 
for verm in or con tam inate  g round  and surface  
w aters makes disposal inconvenient.

2D4.02 SELECTION OF GARBAGE DISPOSAL 
METHODS (Ref. 79)

The follow ing points m u st be kep t in m ind 
in selecting a garbage disposal m ethod w hich 
w ill be suitable in difficult areas:

1. Is there a beneficial use fo r garbage w astes 
in this region?

2. W ill the disposal m ethod un der considera­
tion p reven t unsig h tly  and m alodorous 
conditions to  an ex ten t unobjectionable 
to individuals or the  group?

3. Is the m ethod u n d er consideration con­
venient to  the group?

4. W ill the m ethod u n d er consideration p re ­
ven t occurrence of food, harborage, a n d /  
or breeding places fo r insects, rodents, or 
w ild anim als common to  the region?

5. W ill this m ethod p rev en t the transm is­
sion of parasites th ro u g h  domestic an i­
mals w hich are la te r  to  be used fo r hum an 
food?

6. W ill this m ethod p rev en t the con tam ina­
tion or po llu tion  of surface  or g round  
w aters w hich m ust be kep t clean for 
domestic w a te r  supply, w ild  life, ag ricu l­
tu ra l , recreational or in d u stria l purposes?

7. W hat special equ ipm ent, paten ted  proc­
esses, a n d /o r  special operating  skills w ill 
be needed in this m ethod?

8. Is this the m ost inexpensive m ethod pos­
sible in th is region?

9. Is the m ethod of garbage  disposal un der 
consideration econom ically sound fo r the 
group in question?

10. Is this m ethod suitable fo r use un der p re ­
vailing clim atic conditions in the region 
considered?

The follow ing generally  recognized m ethods 
for garbage disposal have been considered:
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Dumping
D um ping in w a te r  or on ice
D um ping on land
Burial
Reduction
Incineration
B urning on open dum p
B urn ing  in  in c in era to r
Fermentation
P riv a te  prem ise com posting 
Beccari system  
Indore process 
V erdier process 
F razer process 
Earp-T hom as process 
Dano process 
Filling
S anitary  land  fill (contro lled  tipping)

T rench  fill m ethod 
A rea m ethod 

Feeding 
Dilution
G rinding  and  disposal to the sea, lakes or 

w a te r  courses.
G rind ing  and  disposal th ro ug h  sewers and 

sewage trea tm e n t plants.
Miscellaneous Methods 
G archey system  
Chemical d isin tegration  
Repellents
A t the p resen t tim e the subcom m ittee reports, 

in sum m ary , incineration  and composting offer 
the m ost su itab le  means fo r garbage disposal for 
small groups u n d er difficult conditions, namely, 
in areas w here rock  ou tcrop , perm anently  frozen 
soil, o r high g rou nd  w a te r  preven t bu ria l or sani­
ta ry  fill such as m ay norm ally  be used by small 
groups. In  ce rta in  areas accelerated reduction  
and stab iliza tion  m ay be accomplished or use of 
repellents and plain dum ping in a non-objection­
able spot m ay prove adequate  upon fu r th e r  in ­
vestigation. G rind ing  and dilu tion, in con­
ju nction  w ith  plain dum ping or incineration of 
non-pu trescib le m ate ria l is adequate fo r indi­
v idu al homes o r sm all groups w here the wastes 
m ay be adequate ly  tre a te d  in the sewage w orks 
or w here su itab le  pow er and m aintenance facili­
ties are available.

2D4.03 COLLECTION PRACTICE

Special equipm ent, suitable for operation under 
low tem peratu res and designed for trav e l over 
tu n d ra , is needed for collection and hau ling  by 
o ther th an  dog team s. Refuse and garbage col­
lection in cans, w hich m ust usually  be stored o u t­
side heated s tru c tu re s , is com plicated by the freez­
ing of w aste in the cans. In  the past this has been 
com bated by using nonuniform  containers for 
collection and disposal of the container w ith  the 
garbage. Em ptied oil barrels, w ith  tops removed, 
have been used fo r collection because present 
economy does no t perm it th e ir  reuse as oil con­
tainers. These containers do no t have fitted  covers 
and are subject to depredation and spillage. In  
some instances, garbage m ay be encased in ice to 
p reven t depredation.

W here possible, garbage-can storage should be 
provided in a heated area. Buildings in w hich g a r­
bage m ay be expected to  orig inate should include 
heated space fo r this purpose in the design.

I t  is highly desirable th a t  can-w ashing facili­
ties, including steam  or h o t-w ate r services, be 
provided a t each building w here garbage origi­
nates. I f  this is no t possible, however, a minim um  
provision of cen tra l garbage-can w ashing facilities 
is necessary. O perating  complications m ake can­
w ashing facilities located on the collecting vehicle 
im practical. The collected garbage should be 
buried  near the surface of the ground if  possible. 
All disposal sites fo r garbage or other w aste should 
be covered w ith  brush , if available, and the site 
plain ly m arked to avoid subsequent personnel u n ­
know ingly d istu rb ing  area.
2D4.04 REFUSE DISPOSAL

Refuse and tra sh  such as em pty containers, 
crates, cans, paper, and so on, present no low- 
tem p era tu re  disposal problem  because they can be 
readily  collected and bu rned . Because of the ex­
trem e difficulty of fire con tro l in low -tem peratu re 
regions, w hen refuse is bu rn ed  separately from  
garbage, the bu rn in g  site should be selected some 
distance from  the cam p area. This is essential 
to  avoid cam p fire hazards from  prevalen t strong 
w inds, w hich c a rry  sparks to  s tru c tu res  th a t are 
easily ignited because of the d ry  atmosphere. The 
im portance of fire prevention  in the Cold Regions 
(par. 2F1.01) should be considered a t all times.
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PART E. EXAMPLES OF ARCTIC STRUCTURES

Section I. UNDERGROUND

Presented in  this Section are examples of A rctic  
s tru c tu re s  o r principles th a t  experience has in­
dicated as adequate  or usefu l in  coping w ith  the 
disciplines of the  area. N o a ttem p t has been made 
to  tr e a t  the various examples in de ta il; ra th e r, 
they  have been included only to  illu s tra te  certain  
aspects of co ld-w eather problems.
2EI.0I AGGRADATION OF PERMAFROST

The developm ent of a large m ining operation 
near Fairbanks, A laska (m ean annual tem pera tu re  
26° F ) , requ ired  w a te r  fo r th aw ing  perm afrost 
p rep ara to ry  to  excavation. Investigation  of one 
o f the  valleys in  the  region indicated  th a t  the  river 
in  the  valley was. flowing over th aw ed  sand and 
g ravel th ro ug h  w hich a  m uch needed q u a n tity  of

w a te r  was m oving. This sand and  gravel w as u n ­
derlain  w ith  a schist bedrock, a portion  of w hich  
was frozen. To ob ta in  th e  w a te r  m oving in  the  
subsurface gravel, as w ell as th e  w a te r  in  the  
rive r, a diversion dam  w as con struc ted  (F igure  
2E 1-1). (F igure 2E1-2 shows the  dam  d u rin g  con­
struc tion .) In terlo ck in g  steel sheet piling  w as 
driven well in to  th e  bedrock to  in te rcep t th e  con­
siderable am ount o f w a te r  m oving th ro u g h  the 
subsurface gravel. T im ber piles w ere d riven  to  
support the dam  su p e rs tru c tu re .

Because of th e  in terference  of the  subsurface  
w a te r  and the disciplines ex isten t, th is type  of con­
struc tion  caused ag g rad a tio n  of perm afrost in  the 
m aterials a roun d  th e  piling and  in  the  a rea  aroun d  
the  dam  site.

FIGURE 2E1-1
Diversion Dam  Near Fairbanks, A laska
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FIGURE 2E1-2
Construction  of Diversion Dam  Shown in Figure  2E1-I

2EI.02 PRESERVATION OF PERMAFROST 
BY COLD AIR

T he perm afrost subgrade un der the  s tru c tu re  
show n in F ig ure  2E1-3 is m aintained in  its frozen 
s ta te  by c ircu la tin g  a ir  beneath the s tru c tu re . 
T w o large  ad justab le  louvers, located a t  each end 
of the  s tru c tu re , prov ide fo r in take and dischargé 
o f a ir  d u rin g  th e  w in te r  m onths. C ircu lation  can 
be m ain ta ined  by fans if  necessary. The louvers 
are  closed d u rin g  w arm  w eather. (See also Figure 
2A 8-20.)
2EI.03 REMOVAL OF SURPLUS HEAT 

BY GROUND WATER

F igure  2E1-4 is a m ap of a perm afrost area near 
F airbanks, A laska, on w hich are indicated  by a r ­
row s th e  g ro u n d -w a te r  m ovements and gradients 
th a t  predom inate  in  the  area. In  1926-1927, a 
6 ,500-kva steam  po w erp lan t was constructed  on a 
large k idney o f perm afrost a t the location shown on 
F igure  2E1-4. T he s tru c tu re  was reinforced con­
crete  and  steel and  had  a basem ent w ith  surface 
condensers, boiler feed pum ps, hea t wells, and 
o ther equ ipm ent th a t  rad ia ted  a considerable

am ount of heat. The bottom  of the concrete slab 
th a t  supported  th e  s tru c tu re  w as approxim ately 
10 f t  below th e  g rou nd  surface , a t  w hich eleva­
tion  p erm afrost w as encountered. T he g round- 
w a te r  tab le  varied , rising a t  times to  w ith in  a few  
feet of the  surface .

T he p erm afrost kidney w as composed of sand 
and  gravel re la tive ly  closely packed com pared to  
the  ad jacen t m aterials, th ro u g h  w hich w a te r  was 
m oving.

Provision w as m ade to  th aw  the perm afrost w ith  
steam  points to  a dep th  30 f t  g rea te r th an  th e  bo t­
tom  of the concrete slab and to  use the  thaw ed , 
confined sand and  gravel to  support and d is trib u te  
th e  load to  the  perm anen tly  frozen m ateria ls of 
the  k idney, w hich  su rrounded  them  on all fo u r 
sides and  below. Also, th e  thaw ed area  w as ex­
tended abo u t 100 f t  f a r th e r  in  each horizon ta l 
d irection  th a n  th e  size of th e  s tru c tu re .

A fte r  excavation , c a re fu l load-bearing tests 
w ere m ade of the  sand and  gravel in  th e ir  th aw ed  
sta te . N o piles w ere driven  o r o ther m ethods 
tak en  to  secure b e tte r  consolidation of th e  soil 
th an  its in situ  condition, w hich resu lted  from  
steam  th aw ing . A fte r  th e  bearing tests, the  load-
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FIGURE 2E1-3

Q uonset Structure, Point Barrow, A laska

bearing capacity  of the  thaw ed  m aterials was 
estim ated and the  foundation  designed accordingly.

T em peratu re  wells w ere established a t each cor­
ner of the pow erp lan t to  m easure subsurface  tem ­
pera tu res. T em pera tu re  readings w ere tak en  over 
a period of m any years. N o agg rad ation  of perm a­
fro st has been indicated  and  no m easurable settle­
m ent has occurred .

From  observations m ade since the  p lan t was 
b u ilt, i t  is believed th a t  the  tem p era tu re  equili­
brium  is here m ain tained by rem oval of surplus 
heat from  the pow erp lan t foundations by the  re la­
tively  large volum e of g rou nd  w a te r  continuously 
m oving in  the area  ad jacen t to  the foundations.
2EI.04 PRESERVATION OF PERMAFROST 

BY INSULATION (Ref. 80)

1. GENERAL. An exam ple of a foundation  
constructed  by the  passive m ethod is shown in 
F igure 2E1-5. This foundation  is fo r one leg of a 
200-ton, four-legged steel to w er con struc ted  by 
the B ureau of Y ards and Docks in  n o rthern  
A laska. The soil a t  th is site was unstab le  black 
m uck  typical of n o rth e rn  A laskan tu n d ra . The

m ain features of th e  foun da tion  are steel pipe piles 
frozen in to  p erm afrost and  in su la tion  to  p reven t 
thaw ing  of the p erm afrost.

2. EXCAVA TIO N A N D  D R ILLIN G . E xcava­
tion and drilling  m ethods w ere specified th a t  w ould  
d istu rb  the th erm al regim e as little  as possible. 
E xcavation to  w ith in  one foo t of finish grade w as 
done by blasting  and  by using a dragline. Pile 
holes w ere located w ith  a tem p la te  and  drilled  w ith  
a portable ro ta ry  rig . Steel pipe piles w ere placed 
and, a f te r  the drill m ud  had  been pum ped o u t, w ere 
filled w ith  clean sand. T he tim ing  of these opera­
tions was such th a t  w hen th e  piling fo r the  fo u r th  
foundation  had been placed, the  piling of the  first 
foundation  w as frozen  in  sufficiently to  proceed 
w ith  the footing con struc tion .

3. FO O TIN G  C O N ST R U C T IO N . The excava­
tion was carried  to  finish g rade  by jackham m ers 
and hand shovels. In su la tio n  layers w ere placed as 
shown in F igure 2E1-5, and  p re fab rica ted  form s 
and reinforcing steel w ere  placed and  anchored to 
the  pipe piles by w elding. The footing  slab was 
poured in  th ree  lif ts , ad eq uate  bond being assured 
by reinforcing steel and  a roughened b u t clean sur-
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face a t  the tim e of pouring  each lif t . O n comple­
tion  of pouring, the foundation  w as backfilled to 
elevation 0.00 feet w ith  beach sand and gravel.

4. TEM PERATURE CO N TRO L. D u rin g  the 
construction  of th is foundation , tem p era tu re  pipes 
w ere placed a t  various locations w ith in  the  foun­
dation. The purpose of th is w as to  tak e  tem pera­
tu re  readings d u rin g  the cu rin g  period of the con­
crete  and to  com pare them  w ith  readings taken 
outside the foundation  area, th u s  recording any 
changes in the  perm afrost caused by the  curing  
concrete.

5. W ELLPOINTS. Despite the  care tak en  in 
placing in su la ting  backfill, w a te r  began to  ac­
cum u la te  a roun d  the footings, w hich indicated 
m elting  of the  perm afrost. To p reven t this w a te r

from  causing g ro u n d  heav ing  and  differential set­
tlem ent to  the foundations, w ellpoints w ere placed 
around  the footing  and  th e  w a te r  pum ped off by 
continuously op era tin g  pum ps.

6. PERFORM ANCE. A ccord ing to  th e  la test 
in form ation availab le, th is s tru c tu re  has given 
sa tisfacto ry  perform ance fo r tw o  years. This 
means th a t  d ifferen tia l se ttlem ent has been k ep t 
below Vz inch, p reven ting  dam age to  th e  ceram ic 
connection details. Know ledge of the adfreeze 
bond developed by th e  piling and  perm afrost to  
m ain ta in  these conditions is difficult to  evalua te . 
A t the tim e of design, a lab o ra to ry  value of 75 
psi was used, w hich gave a va lue  of adfreeze force 
th ir ty  times th a t  requ ired . In  any  case, the force 
developed has been sufficient to  assure sa tisfac to ry  
perform ance of th e  s tru c tu re .
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2EI.05 PERMAFROST STORAGE LOCKERS 
(Ref. 81)

C old-storage lockers bu ilt in perm afrost are 
common in m any sections of the Cold Regions. 
U sual p rac tice  is to  sink a vertica l shaft to around 
20 feet and then  e ither d r if t  horizontally  to form  
vau lts  or g rad u a lly  w iden the shaft as it is ex ­
cava ted  so th a t  a t the  bottom  a storage space is 
form ed. Positive flow of cold a ir is m aintained in 
cellars w ith  ve rtica l shafts because the greater 
density  of cold a ir  causes movement dow nw ard 
and rem oval of the w arm er air upw ard . A ven t 
a t the top of the  sh a ft is therefore necessary. H o ri­
zontal tunnels excavated  in sidehills ordinarily do 
no t m ake sa tis fac to ry  cold-storage vau lts  because 
it  is impossible to  p rev en t the escape of cold air in 
sum m er. The best location for storage vau lts is in 
areas w here th e  perm afrost table is close to the 
surface . The best m aterials are good heat con­
ducto rs, such as frozen  silt, fine gravel, and sand 
w ith  a high ice con ten t.

E xcavation  is u su ally  done du ring  w in te r w hen 
the frozen  silt can  be removed w ith ou t danger of 
cave-in or of su rface  w a te r  in te rfe ring  w ith  the 
w ork . Also, low  w in te r  tem peratures prevent 
m elting inside the  shafts  or tunnel.

E xcavation  is usually  accomplished by thaw ing  
the  m ateria ls w ith  steam  points, and hoisting the

m uck ou t of the sh aft w ith  a windlass or pow er 
w inch. Several o ther m ethods of excavation are 
also applicable. (See C hap ter 3, P a rt C.)

P roper p rotection  of the shaft entrance to keep 
ou t m oisture and heat is most im portant. Common 
practice  is to  raise the elevation of the shaft en­
trance  above th a t  of the surrounding  ground  and 
to  place moss for insulation over the surface around  
the en trance. I f  practicable, a small building 
should be constructed  over the entrance to  the 
shaft as a p recau tion  against rain  and to shade 
the en trance from  d irect rays of the sun. The 
building should be well banked w ith  moss or peat.

Cold air is sometimes c ircu la ted  freely th ro ug h  
the storage rooms in m idw in ter, by w hich p rac­
tice, according to  some reports, sum m er average 
tem peratu res w ith in  the rooms can be considerably 
lowered. Even near the southern lim it of perm a­
frost, it  is considered th a t  judicious chilling d u r ­
ing w in te r w ill perm it the m aintenance du ring  
sum m er of a tem p era tu re  th a t  varies only between 
14° and 18° F below freezing.

P erm afrost sto rage lockers are extrem ely easy 
to  m ain tain . I f  small repairs to  the walls are 
needed, slushy snow can be applied like m o rta r and 
w ill freeze h a rd , or cold w a te r  can be sprayed on 
and w ill glaze the  surface  w ith  ice. (See also par. 
2 of 3A1.07.)

Section 2. ABOVEGROUND

2E2.0I ICE BRIDGES (Ref. 21)

W here i t  is necessary to  tran sp o rt heavy loads 
on ice th a t  contains m any cracks or is not th ick  
enough to  bear up  u n d er the load imposed, ice 
bridges m ay be con struc ted  to overcome the de­
ficiency (F igu re  2E 1-6 ). These s tru c tu res  m ay 
tak e  a simple form , such as m erely increasing the 
thickness of the  ice a t the  place desired by pum ping 
w a te r  from  u n d ern ea th  and flooding the intended 
area  w ith  one or m ore ice layers to achieve the de­
sired th ickness; or, if  g rea te r strengths are re ­
qu ired , by freezing  tim b er in to  the flooded area if 
tim ber is available.

To co n s tru c t an  ice bridge, it  is usually  desir­
able to  rem ove all snow from  the ice surface and 
lay the lo ng itu d in a l and  w earing courses of logs 
from  w hich  all loose snow has been removed. Snow 
rem oved from  th e  courses is th ro w n  up as w ind­
row s on e ither side and  sprayed w ith  w a te r, w hich

is pum ped from  beneath the  ice. The w indrow s 
ac t as dams betw een w hich the w ate r is flooded, 
covering the logs. A t tem peratu res below 0° F, 
the cold w a te r  should no t be added in th in  layers 
because a good bond is no t secured. The layers 
w ill tend  to  flake off. The q u an tity  of w a te r  th a t 
m ay be added depends on the pum ping capacity  
available and th e  tem p era tu re .
2E2.02 WATER SUPPLY, CHURCHILL, CANADA 

(Ref. 73)

C hurchill has a S ubarctic  clim ate (m ean annual 
tem p era tu re  17.7° F) and is underlain  by perm a­
fro s t th a t  in some places lies 16 to  20 inches below 
the g round  surface. W ater fo r the C hurchill set­
tlem ent and h a rb o r facilities is obtained from  a 
reservo ir m ade by deepening and extending a small 
lake. Because the excavated  m ateria l was p re­
dom inantly  clay , the sides and bottom  of the
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reservoir w ere lined w ith  gravel to  avoid m uddy 
w ater. W ater from  small lakes in the area is con­
ducted  to the reservoir by ditches. C apacity  of the 
reservoir is 13,000,000 gallons.

1. RESERVOIR A N D  PUMPS. Tw o elevated 
60,000-gallon insulated  tan ks w ere erected as p a rt 
of the tow n system ; one is located a t the reservoir, 
the o ther close to  tow n. T em pera tu re  of the w ate r 
in the reservoir tan k  is m ain tained a t 76° to  78° F 
by injecting steam  in to  the w a te r  a t  the pum p in­
take. W ater in the  tow n ta n k  is abou t 15° F 
lower. A sm aller, th ird  ta n k  is used by the ra il­
road. The tow n ta n k  supplies w a te r  to  the ra il­
road tan k , w h a rf  area, powerhouse, and tow n. 
Pum ps a t the tow n ta n k  are e lectrically  driven. 
One of the pum ps a t  the  reservo ir ta n k  is diesel 
driven and the o ther is a reciprocating  steam  pum p. 
These pum ps can, if  necessary, fill the  tow n tan k  
as well as the reservoir tan k .

2. ARRAN GEM EN T OF SYSTEM. All facili­
ties are so a rran ged  th a t  they  can be qu ick ly  and 
thoroughly  drained. T hey are  also a rran ged  so 
th a t brine and o ther solutions can be pum ped back 
and fo rth  th ro u g h  the system to  raise the  tem pera­

tu re  of the lines above th a t  of the  su rro un d in g  
ground (24° to  25° F ) .

3. PIPELINES. The w a te r  m ain from  the reser­
voir to the tow n ta n k  is 14,500 f t  long and is 
w rough t-iron  pipe 10 in. in diam eter. Tw o b ranch  
lines of 8-in. w ro u g h t-iro n  pipe connect the  tow n 
tan k  to  the ra ilroad  ta n k  and to  the powerhouse 
a t the elevator and  w h a rf  area. Some sections of 
the w aterlines are  in su la ted  w ith  rock wool and 
placed in 30-in. c u lv e r t pipe; others have moss in ­
sulation, as shown in F ig ure  2E1-7, and a portion  
of the w a te r  d is tribu tio n  system  and  o ther services 
have been installed in u tilido rs, as illu s tra ted  in 
F igure 2B2-3. (R ef. 59.) (See also par. 3 of 
2B2.01.)
2E2.03 WATER SUPPLY, FLIN FLON, CANADA 

(Ref. 73)

The m ining tow n of Flin Flon is located a t abou t 
la t 55° N  and has a clim ate th a t  is typically  Sub­
arctic . The design of th e  w a te r  system is un ique 
in th a t  c ircu la tion  of w a te r  in  th e  m ains and the 
house service lines is con tinuous. (See Figures 
2E1-8 and 2D 2-15.)

The distribution system is laid out with supply
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FIGURE 2E1-7
Cross Section Showing Insulation of Waterline, Churchill, Canada I Ref. 731

FIGURE 2E1-8
Diagrammatic Layout of Circulating System, Flin Flon, Canada
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and re tu rn  mains on streets and a service line from  
the m ain to every consum er. Mains are supplied 
from  the high-pressure header of c ircu la tin g  pumps 
th a t take suction from  the header into w hich the 
re tu rn  mains discharge. W ater consumed is made 
up from  an elevated tan k  th a t  feeds in to  the re­
tu rn  header. By runn in g  the c ircu la tin g  pumps, 
w a te r  is c ircu la ted  th ro u g h  all the mains and 
th ro ug h  every connected premise. W ater from  the 
c ircu la ting  pum ps passes th rp ug h  heat exchangers 
before entering  the supply mains. This raises the 
tem pera tu re  sufficiently so th a t  w a te r  in the re­
tu rn  mains w ill be well above freezing. H ea t for 
the heat exchangers is supplied by oil-fired steam 
boilers. Inside the premises, w here the supply and 
re tu rn  lines are joined together, an orifice is placed. 
The w aterline  to  the household fix tures is taken 
off the supply side of the orifice. A t Flin Flon the 
orifice has 1 /3  2-inch holes drilled in it th a t  restric t 
the c ircu lation  to ju s t the am ount required  to pre­
ven t freezing. (F igure 2D 2-14 does not show an 
orifice in the loop to the premises.) W ith ou t such 
orifices the c ircu la tin g  pum ps a t Flin Flon w ould 
not have sufficient capacity  to  m ain tain  a pressure 
differential betw een the supply and the re tu rn  
mains.
2E2.04 PROBLEMS OF WATER TREATMENT 

PLANT DESIGN, FAIRBANKS, ALASKA

The design of a w a te r  trea tm en t p lan t fo r A rctic 
conditions is typified by the p lan t designed for F air­
banks, A laska. Special consideration of A rctic 
conditions entered  in to  the functional design, 
s tru c tu ra l design, and air-condition ing system of 
this p lant. (Ref. 82.) (See F igure 2E1-9.)

The raw  w a te r  fo r the p lan t comes from  24-inch 
C aliforn ia-type wells d riven in a ta lik  of sand and 
gravel. The wells are approxim ately 150 feet deep 
and are perfo ra ted  a t various horizons. A report 
(Ref. 82) on w a te r  trea tm en t p lan t design is 
quoted as follows.

The tem p era tu re  of the raw  w a te r  is low 
(3 5° F) and the m ineral con ten t (iron  and 
m anganese) of the w a te r  is high.

To perm it the m ost economical p lan t design, 
the raw  w a te r  tem p era tu re  is raised to  approxi­
m ately 55° F. The w arm ed w a te r  is oil-free and 
w aste-free spent condenser cooling w a te r  from  
the adjacen t powerhouse. W ith  the tem pered 
w a te r, norm al design bases fo r chem ical coagula­
tion, sedim entation and filter rates w ere used.

If  unheated w a te r  w ere to  be trea ted , the size of 
un its w ould have been tw o to fo u r times 
larger.

T rea tm ent consists of provisions fo r p reae ra ­
tion, coagulation w ith  iron  salts, pH  a d ju s t­
m ent w ith  lime, m ixing in the presence of a 
highly concentra ted  s lu rry , se ttling  and f iltra ­
tion. G rea ter filter efficiency is an tic ipa ted  
th ro ug h  the use of an th rac ite  filter m edia.

A fte r  tre a tm en t and disinfection filtered 
w ate r is cooled to  pa la tab le  and suitable dis­
tr ib u tio n  tem p era tu res by means of a heat ex­
changer u tiliz in g  ra w  w a te r  as a cooling 
medium. A clear w ell allows add itional chlorine 
con tact detention fo r disinfection.

In the s tru c tu ra l  design of the p lan t special 
consideration w as given to  the location of the 
p lan t in order to  insure sa tisfac to ry  foundation  
conditions. The location selected is no t in a 
perm afrost zone and foundations are in r iv e r 
gravel m aterial. F oundation  design is based 
upon equalizing or securing a m inim um  of v a r ia ­
tion in soil bearing values, fo r bo th  loaded and 
unloaded conditions.

Insu lating  m ateria ls w ere used in the  bu ild ing 
s tru c tu re  to co u n te rac t ex te rio r tem p era tu res 
expected to v a ry  from  —66° to  95° F. E x terio r 
walls above g rou nd  consist of a s tru c tu ra l  steel 
fram e w ith  in su la ted  w all panels. Roof con­
struc tion  consists of a steel ribbed deck and 3- 
inch th ick  fiberglass insu lation  w ith  s tru c tu ra l  
steel fram e. E x terio r w indow s are provided w ith  
storm  sash.

Extended use of a ir  conditioning fo r the p ro ­
tection of p lan t and equipm ent is included. The 
air conditioning in sta lla tion  provides fo r h ea t­
ing, cooling and h u m id ity  con tro l as requ ired  to  
meet the range of tem p era tu re  and ^humidity 
conditions existing d u rin g  the  different sea­
sons. W inter a ir  conditioning m ust tak e  care of 
tem peratures w hich average —10° F d u rin g  
Jan u a ry  and have reached a m inim um  of 
— 66° F. This cold a ir  contains very  little  ac tu a l 
m oisture. W hen heated  to  bu ild ing tem pera­
tu res of 65° to  7 0 ° F  the  addition  of sufficient 
m oisture to  raise th e  re la tive  hum id ity  to  20 % - 
30%  for hea lth  and  com fort conditions is re ­
qu ired. Summer a ir  conditioning, on the o ther 
hand, m ust tak e  care of 80° to  90° F tem pera­
tu res w ith  re la tive  h u m id ity  of 65 %  and dew  
point tem pera tu res w hich  o ften  exceed 60° F.
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In  o rder to  p reven t condensation on surfaces of 
w a te r  lines and tan ks containing w ate r a t tem ­
pera tu res of 3 5 ° F  to  65° F provision is made 
to  insu la te  cold surfaces and to lower the dew 
point w ith in  the bu ilding to approxim ately 45° F 
to  30° F. This is accomplished by chilling build­
ing a ir, condensing o u t excess m oisture, and re ­
heating  to  optim um  tem peratures.

A ir conditioning equipm ent consists of a u n it 
conditioner w ith  steam  coils, chilling coils and 
live steam  hum idifier a rranged  w ith  cen trifugal 
blow er, filters and dam pers for adjusting  fresh 
a ir and rec ircu la ted  a ir  m ixtures w ith  a m ini­
m um  of 10%  fresh a ir  a t all times. Ventilation 
of the bu ilding is accomplished by a duct sys­
tem  w ith  additional w all fans and u n it heaters 
to  provide positive circu la tion  th ro ug hou t the 
building. The bu ild ing windows are non­
operating  sash. The ven tila ting  system provides 
positive in te rn a l pressures to minimize air leak­
age and in filtra tion .

Steam fo r heating  and hum idification is pro­
vided from  the m unicipal steam d istribu tion  
system and pow er p lan t located adjacent to the 
w a te r  tre a tm en t p lan t. Cooling w a te r  for the 
a ir chilling coils is provided from  the raw  well 
w a te r a t 35° F tem p era tu re .

2E2.05 SNOW SHELTERS (Ref. 84)

1. SNOW  CAVE. A snow cave (F igure 2E1-10) 
is one of the  simplest shelters and can be built in 
one or tw o hours. O nly a shovel is required  in its 
construction . The site selected is usually  a fa irly  
steep slope w here the snow has lain in place long 
enough to  be com pacted. A w orking shelf is c u t 
in to  the sn o w d rift, and a small cave about 2 f t  x 2 
f t  is excavated  back fo r several feet. This open­
ing becomes a doorw ay. E xcavation can then con­
tinue on the cave proper, the easiest w ay being to  
c u t the snow in to  blocks and push them  out 
the door. The floor of the cave should be sloped 
up w ard  aw ay  from  the  doorw ay, w ith  the sleeping 
p la tfo rm  a t the top of the slope. The ceiling 
should be shaped like a dome to streng then  the 
shelter and to  allow  condensate to ru n  down the 
walls. To accom m odate th ree  or fo u r occupants, 
the final cave size should be about 9 x 8 f t. Such 
a cave is u su ally  abo u t 5 f t  high a t the highest 
point. Im m ediately inside the door are several 
feet of w o rk in g  area w ith  the upper side about a 
foot above the floor elevation a t the door. The bed

p la tfo rm  is usually  a foot above the highest point 
of the w ork ing  area or a t the same elevation as 
the top of the door. This keeps cold d ra fts  aw ay 
from  the sleeping area unless there is a strong 
w ind. A ven tila ting  hole is c u t up w ard  th rough  
the roof on the side of the cave fa rth es t from  the 
door. Cold a ir, being heavy, remains a t the lower 
level as long as the upper parts of the cave are 
filled w ith  w arm  air. N o artificial lighting is 
needed in the  daytim e because enough filters 
th ro ug h  from  overhead. A t nigh t, a single candle
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is usually sufficient because of the high reflecting 
qualities of ceiling and walls.

2. IGLOO. A n igloo is bu ilt of snow blocks 
4 to  6 in. th ick , 12 to  20 in. w ide, and 20 to  40 in. 
long. Depending on the density of the snow, the 
blocks weigh from  50 to  100 lb and are strong 
enough to support th e ir  own w eigh t and th a t  of the 
blocks resting on them . To bu ild  an igloo the 
snow m ust be the proper consistency. This can be 
determ ined by sinking a slender, b lu n t rod into a 
snowbank. I f  it  sinks in slowly w ith  an even 
pressure on the rod, the snow is the proper con­
sistency for construction . Snow th a t is too soft 
w ill crum ble w hen handled; if layers of snow have 
different consistencies, the blocks m ay split; and if 
the snow is too h a rd , its insu la ting  qualities are 
poor.

Tools requ ired  in bu ild ing an igloo are a knife 
w ith  a blade 14 to  20 in. long and a shovel for 
piling snow on the com pleted igloo. I f  the snow 
is qu ite  hard , a c a rp en te r’s saw  m ay be used. 
Three men m ake an efficient bu ilding team ; one 
cu ts the blocks, the second carries them , and the 
th ird  places them . C racks should be chinked, bu t 
only a f te r  the blocks have cured  fo r a few  hours.

The best location for bu ild ing an igloo is on a 
level, w ell-com pacted d r if t  w here the snow is over 
3 f t  deep. This dep th  perm its tunneling  the 
en trance u n der the w alls to  a well in the floor, 
w hich is the p re fe rred  type of entrance.

An igloo is usually  dome shaped, w ith  a 5- to  7- 
f t  ceiling and w ith  a d iam eter equal to  tw ice its 
height. Several people can be com fortably  sheltered 
in an igloo of this size.

To s ta r t construction  the blocks are placed on 
edge and fitted  snugly together on the line of the 
circle th a t has been previously laid ou t to  the de-_ 
sired diam eter. (See F igure 2E1-11.) They should 
be tilted  slightly  in w ard ; the top of the first 
course is then c u t w ith  a kn ife and tapered  in 
height. Succeeding blocks are then laid in a con­
tinuous spiral, each course tiltin g  fa r th e r  and 
fa rth e r  inw ard  u n til there is only a small opening 
le ft a t the top of the door. The last block, or king 
block, is then carved , and the bu ilder on the in­
side th ru sts  it  th ro u g h  the ap e rtu re  edgewise, 
levels it , and lets i t  fa ll back in to  place. The open­
ings between the blocks are then carefully.^chinked 
from  the outside w ith  loose snow, w hich soon sets 
in to snowcrete. The p ro tru d in g  ex terio r edges of 
the blocks should be le ft rough  to  provide a key for

the snow cover. The in te rio r edges should be 
smoothed down. A fte r  all blocks are in place, 
loose snow is th ro w n  against the house and allow ed 
to slide back to  its n a tu ra l angle of repose. On 
completion, there  m ay be a roun d  the house a bank  
of snow several feet th ick  a t the base and th inn ing  
upw ard . A tu n n e l is then  dug  un der the w all to  
connect w ith  an en tran ce  w ell du g  in the floor of 
the house.

A bed p la tfo rm  is b u ilt of snow a t an elevation 
a t least 18 in. above the top of the en trance tunnel. 
This elevation relationship is very  im p o rtan t be­
cause it is about the  m inim um  requ ired  fo r g rav ity  
control of the tem p era tu re  w ith in  the house. The 
snow sleeping p la tfo rm  should be pro tected  from  
thaw ing  by b lankets or skins.

H ea t for the house is provided by a lam p or small 
oil stove. To glaze the inner w all su rface , the 
tem peratu re  in th e  house is raised high enough to  
m ake the inner su rface  spongy; then the fire is p u t 
ou t and the w all is allow ed to  freeze, w hich m ay 
be hastened by c u ttin g  a hole in the roof* G lazing 
in this m anner provides a h a rd  pro tective inner 
surface th a t increases the  s tren g th  of the dome 
and protects th e  w all from  crum bling  w hen 
touched by occupants. V en tilation  is obtained by a 
hole c u t in the roof near the top. I f  available, a 
m etal ven t can be placed in the  hole. W hen the 
lam p or stove is in  use, the  v en t is opened as re ­
quired. W hen th ere  is no fire, the ven t can  be 
closed by stuffing i t  w ith  clo th . The u p w ard  m ove­
m ent of w arm  a ir  th ro u g h  the  v en t allows cold a ir 
to en ter from  below th ro u g h  th e  en trance passage. 
In  this m anner the  ra te  of a ir  change and th e  tem ­
p era tu re  of the room  are controlled.
2E2.06 PREFABRICATED SHELTERS AND 

BUILDINGS

In the follow ing parag raph s, b rief descriptions 
are given of various types of s tru c tu re s  used to  
provide housing fo r personnel or equipm ent in 
regions of extrem ely  low tem p era tu res. The s tru c ­
tu res described are  p re fab rica ted  types th a t  can be 
transp orted  by a ir  o r by tr a c to r  tra in  and can be 
qu ick ly  erected by w h a tev e r labor is available. 
Many new bu ild ing  designs fo r the Cold Regions 
are now in the experim ental stages of developm ent 
and research, b u t  conclusions regard ing  th e ir  
feasibility are no t y e t available.

1. AR CTIC H U T . (R ef. 21 .) This is a p re ­
fabrica ted  s tru c tu re  designed to  serve as a 16-
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nan b a rrack s  or fo r equ ipm ent storage in frig id  
areas. A t —65° F an inside tem p era tu re  of 70° F 
can be m ain tained w ith  only a small fuel consum p­
tion . Even un der lo w -tem pera tu re  conditions it 
can be erected by 12 men in 4 h r  or less. The h u t 
is m ade up  of panels consisting of a resin-im preg­
n ated  paper honeycom b core sandwiched between 
tw o th in  a lum inum  skins. W all panels are 3 in. 
th ick ; the roof and floor panels, 5 in. th ick . Panel 
edges are plastic fiberglass lam inate, and the ship- 
lap jo in ts are fastened w ith  pins approxim ately 
6 in. long and % in. in diam eter. Pins are plastic, 
reinforced w ith  fiberglass, to  p reven t condensa­
tion of heat. They are held in place by m etal 
wedges. Tw elve 4- x 8- f t  panels form  each side of 
the h u t, w hich is 12 f t  x 18 f t . The w eight of the 
s tru c tu re  is 5 tons.

The roof is slightly  pitched. There is a door at 
each end, one for en trance , the o ther for em er­
gency only. Each panel, except the tw o center 
end ones, contains a round  w indow  16 in. in 
d iam eter consisting of 2 panes of plexiglass 
separated  by a 1-in. airspace.

A bulkhead m ay be installed a t any of several 
points w ith in  the building. I f  installed close to 
"he en trance, it  acts as a vestibule. Fram ew ork of 
he bu ild ing is of s tru c tu ra l  alum inum . The 

s tru c tu re  rests on 2- f t  high foundation  beams in 
w hich large holes have been c u t to  allow air to c ir­
cu la te . The heaviest piece to  handle weighs 147 
lb. O nly a m allet and socket w rench  are required 
fo r erection.

2. Q U ON SET H U T . (R ef. 84.) This is a p re­
fab rica ted  m etal s tru c tu re  composed of co rru ­
gated-iron  sheets supported  by curved  steel ribs. 
The basic u n it is 20 f t  x 48 f t ,  in te rio r size, w ith  a 
4 - f t  vestibule extension on each end of the bu ild ­
ing. Endw alls are en tire ly  steel. The u n it is pro­
vided w ith  inner in su la ted  w alls, the therm al 
resistance value of w hich m ay be controlled to 
meet the design d ic ta ted  by th e  disciplines. A 
typ ical section in use in n o rth e rn  A laska is shown 
in F igure 2E l-1 2a . The floor consists of 4- x 8 -ft 
plywood double panels separated  by insulation. All 
doors, w indow s, ven ts, ad justab le  louvers, and 
other appurtenances, in c lu d in g  erection m aterials, 
are supplied w ith  each bu ild ing . A 20- x  48- f t 
basic u n it requires abo u t 100 m an-hours to erect 
the bare s tru c tu re , w ith  add itional tim e required  
for the foundation  and  in su la tion  under the build- 
’ug. The bu ild ing  m ay be placed on any type of

foundation , and la rg er buildings of the arch-rib  
design are available.

Figure 2 E l-1 2b  shows a cross section and con­
struction  details fo r a Q uonset-type h u t th a t  is 
presently being developed by the N avy  for A rctic 
adaptation .

3. JAMESWAY H U T . This is one of the most 
flexible and sa tisfacto ry  p refab rica ted  units devel­
oped to  date. I t  is ligh t in w eigh t, easy to erect, 
and com fortable. The basic u n it size is either 
16 f t  x 16 f t  or 24 f t  x 24 f t ,  and each can be 
erected in any length  th a t  is a m ultip le of 8 f t. 
The fram ew ork  consists of a series of lam inated 
wood ribs, w hich are covered by b lanket strips 8 f t  
wide and the correc t length  to extend in a con­
tinuous covering over the fu ll a rch  from  the base 
on one side of the building to  the base a t the op­
posite side. B lanket strips fo r roof and end sections 
consist of tw o layers of heavy canvas w ith  ap­
proxim ately U/2 in. of fireproofed rock wool or 
fiberglass insulation between them . The outside 
layer of canvas is trea ted  w ith  ru b b er to m ake it 
w aterp roof and w indproof. Floor sections consist 
of plywood panels faced on the underside w ith  a 
blanket of insulation usually  U/2 in. th ick . In  ex­
trem e cold a double thickness of floor is required . 
H ard  maple or steel stakes are used to  anchor the 
building to the ground . The outside canvas is 
lashed to  the floor and the connection insulated 
w ith  snow or o ther m aterial. Vestibules and storm- 
doors are required  a t the entrances du ring  ex­
trem ely cold w ea ther. A t low tem peratu res the 
outside cover should be placed in a w arm ing shed 
before placing; otherw ise it  becomes stiff and hard  
to erect. Jam esw ay h u ts  are generally used for 
living q u a rte rs , mess halls, and adm inistration 
buildings. (R ef. 84.)

4. W A N IG A N S. (R ef. 84.) These are small, 
mobile s tru c tu re s  m ounted on sleds or go-devils 
and tow ed by a tra c to r  or o ther prim e mover. 
They are commonly used by reconnaissance and in ­
itial construction  crew s operating  aw ay from  their 
base, and comprise the g rea te r p a r t  of a tra c to r  
tra in , aside from  cargo un its. (See par. 3B2.02.) 
They m ay serve as galleys, repair shops, w a te r  and 
fuel carrie rs, sleeping q u a rte rs , offices, and w arm ­
ing shelters fo r e ither mobile or sta tic  situations.

W anigans are very  rig id ly  constructed  to  en­
able them  to w ith stan d  the tw is tin g  and v ib ration  
of the  sled u n it on which, they  are m ounted. They 
usually  are abou t 8 x 20 f t ,  have a m inim um  ceil-
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CORRUGATED STEEL NAILED TO RIB WITH 
10 '/4-GAGE GALVANIZED LEAD 

SEAL NAILS 3" LONG

CORRUGATED STEEL 
RIGID INSULATION  

PURLIN

SECTION WHERE 
PURLINS OCCUR

1" RIGID INSULATION BOARD NAILED 
TO RIBS WITH 8d NAILS (INSULATION  
BOARD CAN  BE OMITTED IF DESIRED. 
SEE R-FACTOR BELOW)

RIB, 10' W RADIUS FOR Q-20 
16' RADIUS FOR Q-24 A N D  Q-32 
20' RADIUS FOR Q-35 A N D  Q-40 
20' RADIUS FOR Q-MULTIPLE

1" BLANKET OR FOIL PAPER INSULATION  
TACK NAILED TO RIBS OR MOVED INW ARD  
A N D  TACK NAILED TO INSIDE OF FURRING

U-RIB 1̂— 4' O C -

VERTICAL SECTION

VAPOR BARRIER (FOIL O N  BACK 
OF PLASTER BOARD OR 
ASPHALT-IMPREGNATED PAPER)

2" x 2" W O O D  FURRING (NOMINAL)
NAILED TO RIBS WITH lOd BOX NAILS

y2"  PLASTERBOARD NAILED TO FURRING 
WITH HOOK NAILS OR SPECIAL CLIPS. JOINTS 
TO BE TAPED WITH PLASTERBOARD TAPE

CORRUGATED STEEL- 

1" RIGID INSULATION BOARD 1" BLANKET OR FOIL INSULATION

2" x 2" W O O D  FURRING (NOMINAL) 

V2" PLASTERBOARD WITH VAPOR

PLAN

HEAT TRANSM ISSION DATA
ITEM MATERIAL RESISTIVITY FACTOR R.

OUTSIDE SURFACE 0.17 0.17
CORRUGATED STEEL 0.10 0.10
AIRSPACE (AVG. % ") 0.64 —

1" INSULATION BOARD 3.03 —

AIRSPACE 0.91 0.91
1" BLANKET-TYPE INSULATION 3.03 3.03
AIRSPACE 0.91 0.91
Vi" PLASTERBOARD 0.23 0.23
INSIDE SURFACE 0.61 0.61

TOTAL RESISTANCE 2r 9.63 5 ^ 6 “

TOTAL CONDUCTIVITY FACTOR (l/r) =  U 0.103 0.168

CONDUCTANCE FACTOR, U, GIVES HEAT LOSS PER SQ  FT OF 
SURFACE THROUGH CONSTRUCTION IN BTU/HR/°F DIFFERENCE 
BETWEEN INSIDE AND OUTSIDE TEMPERATURES.

FIGURE 2E1-12a
Typical Section  of Quonset Hut, Point Barrow, A laska  l Ref. 841
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90# ROOFING #15 WP BLDG PAPER

FIGURE 2E1-13

A rctic  Wellhouse W eatherproofing Detail (Ref. 85)

in g heigh t of 7 f t ,  and  can be bu ilt of fram e or 
p re fab rica ted  m ateria ls. U sual construction is 
% -in. plyw ood or sheet m etal on a strong, well- 
braced fram e. The roof is a flat arch  and is the 
same m ateria l as the w alls, w ith  a sublayer of 
roofing paper. The in te rio r is insulated w ith  w all- 
board. For tr a c to r - tr a in  service, heavy protective 
screens should be p u t over the  w indows as protec­
tion against branches.

Doors should be located a t the ends to  allow 
egress fo r personnel in case the u n it tips over. 
Also, doors should open in w ard  to perm it close 
coupling of un its.

W anigans are  th e  heaviest of the small shelters 
generally  used in fo rw a rd  areas of the Cold 
Regions. The re c ta n g u la r  sections of the pre­
fab rica ted  types can be packed well fo r efficient 
cubage.

5. STO U T HOUSE. A S tout house is a shed- 
type s tru c tu re  erected  by using flat panels of wood 
to  w hich in su la tin g  m ate ria l has been nailed. The

basic bu ild ing u n it is 16 x  16 f t .  N ex t to the 
Jam es w ay , it is the easiest to  tran sp o rt by a ir or 
tra c to r  tra in  because it  is ligh t and because the 
rec tan g u la r  sections can be efficiently packed. 
Floors should be laid double thickness, w ith  an 
in term ediate  layer of insulation. T a r  or asphalt 
roofing paper is usually  applied to the outside for 
fu r th e r  p rotection . Roof m aintenance is usually  
considerable, and in areas of high w inds the roofs 
m ust be lashed dow n. Because of the shape of the 
house, m ore headspace is available per square foot 
of floorspace th an  in cu rved -roo f s tru c tu res. The 
S tou t house is convenient fo r qu arte rs , mess halls, 
adm in istra tion  bu ildings, and b a th  houses. (Ref. 
21 . )

6. STRESSED-SKIN PLYW OOD BU ILD ING . 
(R ef. 84.) This s tru c tu re  is p refab rica ted  
th ro u g h o u t and consists of floor, w all, and roof 
panels, each highly insu lated , w hich are nailed and 
screw ed to gether to  form  a  rigid fram e. The 
bu ild ing  panels consist of a fram e of s tudd ing  on
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w hich plyw ood layers are glued and nailed. Be­
tw een the o u te r  layers is a sandw ich of tr ip le  in­
sulation of fiberglass alum inum  foil and fibercard. 
The panels are  joined by separate  connectors. All 
joints are covered on the  outside w ith  felt-lined 
strips. S tandard  sizes of the panels are 4 f t  x 8 f t. 
They can be easily handled  by tw o  men. In  special 
cases, when only small bush planes w ere available 
to  fly the bu ild ing  com ponents to  the site, the 
panels w ere m ade 2 f t  x 8 f t .  O n this type of bu ild­

ing all overhangs or sharp  corners are avoided to 
preven t lif t  action  by the w ind . Gable ends and 
corners have special flashings to  keep the  bu ild ing  
snow tight. A lum inum  sheet roofing covers the 
roof. The outside is pa in ted  w ith  h igh-grade a lu ­
m inum  pain t, w hich has proved resistan t to  
w eather action in the A rc tic . Because of its sm ooth 
exterior, the bu ild ing  w ith stan d s  storm s up  to  65 
m ph w ith ou t hav ing  to  be tied  dow n. A t locations 
w here higher w inds are  expected , tie rods w ith
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HOLES AT 4" OC

FLASHING

6" x 3Vi" x y4"  COPE AT 
COLUMN BASE PLATE

Vi" BOLT 
EMBEDDED 7" 
INTO CONCRETE 
4' OC AAAX

EXTERIOR FACE OF 
CONCRETE COLUMNS 
A N D  BEAMS

3Vi" WEATHERING STRIP Vi" HOLES AT 4" OC

INSULATED METAL PANEL

F IG U RE 2E1-15
Typical W all Section, W ater Treatment Plant, 

Fairbanks, A laska  I Ref. 831

tu rn b u ck les  are  used to  anchor the bu ild ing to the 
ground .

W indows are trip le-g lazed  and can not be 
opened.

O n la rg e r s tru c tu re s  o f th is type, such as pow er­
houses, garages, and  warehouses, the insulated 
panel floors are  no t used. In xsuch cases, whenever 
possible, a re inforced  concrete slab should be used 
as a floor to  replace the  rig id ity  provided by the 
fram es of the  floor panels. I f  a concrete floor is no t 
practicab le , th e  g ravel fill m ay be used as a floor, 
provided ballasted  o u trig g ers  are Spaced alongside

-18-GAGE PARAPET CAP \'A"x4" RIGHT HAND BOLT 
IWITH NEOPRENE WASHERS

<£ COLUMN

SECTION SHOW ING  ROOF 
DECKING AN D  CONNECTIONS

l-GAGE PARAPET CAP

RIGHT HAND BOLT 
NEOPRENE WASHERS

/INSULATION CANT  
/O N E  MOLLY BOLT PER PANEL 

^WATERPROOFING
INSULATION

SECTION SHOW ING  INSULATION 
A N D  WATERPROOFING

F IGURE 2E1-16
Root Sections, M unicipa l Powerplant, 

Fairbanks, Alaska

the bu ild ing to  p reven t it  from  being moved by 
^èhe w ind . The ou trigg ers  consist of heavy tim bers 
p roperly  braced against the building. A t the bo t­
tom  they are connected w ith  horizontal beams to 
the w all panels and in terb raced  by tie rods. The 
bottom  mem bers are then ballasted w ith  gravel. 
D u rin g  the w in te r, ou trigg ers  ca tch  the snow, 
w hich adds w arm th  and stab ility  to  the building.

2-261



7. O TH ER TYPES. Several o ther types of shel­
ters, including th e  Cow an h u t, Pacific h u t, and 
A rm y s tan dard  thea ter-o f-opera tions h u t, have 
been successfully used in  the Cold Regions. A ll 
are sim ilar in m any details to  one or more of the 
types of shelters previously described. Some m odi­
fication is usually  requ ired  on all these s tru c tu re s  
to  m ake them  adequate  fo r th e  severe conditions 
frequen tly  encountered .
2E2.07 WALL AND ROOF SECTIONS,

OTHER STRUCTURES

Figures 2E1-13 th ro u g h  2E1-18 illu s tra te  sev­
eral types of w all and  roof sections used in the 
Cold Regions.

FIGURE 2E1-17
Typical W all Section, Telephone Exchange  

Building, Fairbanks, A laska
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CAST-IN “PLACE CORNICE

SNOW COVER FOR WINTER INSULATION

CONCRETE BLOCK PARAPET WALL

COPPER FLASHING 
GROUTED INTO MASONRY

SHEET METAL ROOFING
WITH CRIMPED EXPANSION JOINTS

CANT STRIP

-ROOF JOISTS

ROOF BEAM

REINFORCED CONCRETE SLAB

1

ROOF SECTION

FIGURE 2 E M 8
Roof Section, U. S. Sm elting, Refining, and  M in in g  Co., Fairbanks, Alaska
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PART F. FIRE PROBLEMS IN THE COLD REGIONS

Section I. FIRE PREVENTION

2FI.0I CHARACTERISTICS

Prevention of fires in the Cold Regions is m any 
times more im p o rtan t th an  in  the T em perate Zone 
fo r the follow ing basic reasons.

( 1 ) Present firefighting equipm ent and tech­
niques in the Cold Regions are fa r  from  satisfac­
to ry , and fires, once hav ing  gained headw ay, are 
p ractically  uncontrollable .

(2) Loss of facilities d u rin g  extrem e tem pera­
tu res m ay th rea ten  the su rv iva l of personnel.

(3) Facilities are presum ed to be of strateg ic 
im portance and  should therefo re  rem ain operative 
un til no longer p racticable.

(4) Logistics is extrem ely  difficult in remote 
sections of the Cold Regions.

A basic elem ent of fire prevention  is the  m ain­
tenance of a high s tan d ard  of cleanliness and order. 
I t  is im p ortan t, therefore , th a t  safeguards, pro­
cedures, and routines be established th a t  will 
minimize the probability  of fires and m ake possible 
the confinement or rap id  ex tinguishm ent of a blaze 
once it has s ta rted .

2FI.02 PLANNING

To obtain the m axim um  degree of p ro tectib ility  
from  dam age, consistent w ith  economic u tiliza ­
tion, fire safe ty  m ust be considered in all stages of 
p lan n in g jm d  design. In  general, fire p ro tection  in 
bu ild ing construction  is obtained by adequate 
separation betw een buildings, lim itation  of indi­
v idual areas in accordance w ith  the type of con­
s truc tion , subdivision of in d iv idual fire areas, pro­
tection of exposures to  fire (includ ing  all openings), 
provisions fo r adequate  ex it and evacuation , and 
provisions fo r fire detection and  extinguishm ent.

1. DESIGN. Design requirem ents fo r the type 
of construction  selected are covered, in m ost cases, 
by standards and regulations of th<e_Bureau of 
Y ards and Docks. Special designs are necessary 
fo r buildings erected  in th e  Cold Regions. The

difficulty of tran sp o rtin g  b u lk y  or heavy m ateria ls 
to  isolated regions generally  necessitates th e  use of 
ligh ter and less fire-resistive con struc tion  th an  is 
custom ary in m ore tem p era te  clim ates. (R ef. 86.)

2. SPACING OF BU ILD ING S A N D  O T H E R  
FACILITIES. A dequate  separation  of s tru c tu re s , 
lim itation in size of b u ilt-u p  areas, and open s to r­
age and w arehousing areas are of prim e im por­
tance from  the s tan dp o in t of reducing  th e  p roba­
bility  of conflagration and  th e  spread of fire to  
o ther buildings and  areas. This is especially tru e  
w here fram e con struc tion  predom inates, as i t  
usually  does in fo rw a rd  areas. M inim um  s tan d ard  
spacings are usually  established a t  each cam p ac­
cording to  construc tion  type and  u tiliza tion . Spe­
cial spacings are usually  established for hazardous 
m aterials such as p a in t, oil, dope, chemicals, flam ­
mable liquid, gas, and liquefied gas. (R ef. 86.) 
Installations should, w here possible, be placed in 
relation to  n a tu ra l or a rtif ic ia l te r ra in  fea tu res to  
conceal or disguise them  from  recognition by enemy 
aerial or g round  observers. I f  possible, sites should 
be chosen in broken te r ra in  w ith  sm all hills, 
stream s, rock ou tcroppings, and  tim ber stands. 
Concealment is especially difficult in  the A rctic  in 
w in te r because th e  sun is low  and all objects cast 
long shadows, w hich  are  conspicuous. The n a tu ra l  
te x tu re  of the snow is difficult to  duplicate , and 
camouflage nets or drapes show up  readily  unless 
they are w ell installed.

An irreg u la r  a rran g em en t is desirable to  p ro tec t 
facilities such as fuel oil tan k s  from  bom bing and  
often fits the n a tu ra l, ir re g u la r  con to ur lines. 
Spacing is the m ost successful m easure fo r con­
flagration  con tro l or fire a rea  lim ita tion  a t a d ­
vanced bases. (R ef. 65.)

3. FIREBREAKS. A dequate  fireb reak areas 
should bé m ain tained  a t  all posts, cam ps, and s ta ­
tions and should, a t  all tim es, be kep t clear of 
buildings, b rush , tim b er, and  o th e r com bustible 
m aterial.,
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Section 2. FIRE PROTECTION

2F2.0I GENERAL

M odification of s tan d a rd  firefighting equipm ent 
and techniques is necessary in sections of the Cold 
Regions sub ject to  extrem ely  low w in ter tem pera­
tu res. Inasm uch as m ost areas do not have ade­
q u a te  w a te r  supply  and d istribu tion  systems, ex­
pedient equ ipm ent m ust be used. W here a depend­
able w a te r  supply is available, special methods are 
requ ired  to  m ain ta in  c ircu la tion  in the lines and 
to  p ro tec t h y d ran ts  and fire appara tus from  freez­
ing. (See par. 2D2.05 and 2D2.06 and par. 3 of 
4C 2.01.)

2F2.02 FACTORS NECESSARY FOR FIRE

Fire can con tinue only w here fuel, oxygen (or 
o ther oxidizing ag en t) from  the a ir or o ther source, 
and a sufficiently h igh tem p era tu re  to  m aintain 
com bustion are p resent. E xtinguishm ent can be 
accomplished by the  elim ination of any one of three 
fac to rs: (a ) rem oving the fuel, (b) excluding 
oxygen (sm o th erin g ), or (c) reducing the tem ­
p e ra tu re  (cooling by w a te r  or other m eans).

In  the  b u rn in g  of m ost substances the ac tu a l 
com bustion takes place only a f te r  the solid or 
liquid fue l has been vaporized or decomposed by 
heat to  produce a gas, and the visible flame is the 
bu rn in g  gas. H ow ever, in the case of solid fuel, 
w hich does no t evap ora te  or decompose to  form  
gas a t o rd in a ry  fire tem pera tu res, com bustion also 
takes place by d irec t com bination of the fuel w ith  
oxygen, p a r tic u la r ly  in  the case of the glowing 
com bustion of charcoal or of charred  wood rem ain­
ing a f te r  com bustible gases have burned. (Ref. 87.)

2F2.03 FIRE EXTINGUISHERS

1. CLA SSIFICA TIO N  OF FIRES. U nder­
w rite rs ’ L aboratories, Inc., to  express the relative 
values of firs t-a id  fire extinguishers, developed the 
follow ing fire classification plan, w hich has been 
adopted by the N atio n a l Fire Pro tection  Associa­
tion (N F P A ). (R ef. 87.)

Class A— Fires in  o rd inary  com bustible m ate­
ria l, w here  the  quench ing  and cooling effects of 
qu an tities of w a te r , o r solutions containing large 
percentages of w a te r , are  of first im portance.

Class B— Fires in flam mable liquid, grease, and 
so on, w here a b lank e tin g  effect is essential.

Class C— Fires in  e lectrical equipm ent, w here

the use of a nonconducting  extinguishing agent is 
of first im portance.

2. TYPES OF FIRE EXTING UISH ERS. F ire­
figh ting  un der lo w -tem pera tu re  conditions pre­
sents tw o  widely different problems. For ou tdoor 
use, lo w -tem pera tu re  characteristics of equipm ent 
and m ateria l m ust be considered; b u t indoors, and 
to a lesser ex ten t ou tdoors as well, the toxic effects 
of firefighting chem icals are im portan t. The fol­
low ing general types of fire extinguishers are su it­
able in the Cold Regions.

a. Water Types (for Class A ) . (Ref. 87.)
(1) Pump Tanks. The 2 1/ 2-gallon floor 

type is recom m ended by th is B ureau. The equip­
m ent can be used fo r bo th  norm al and low -tem ­
p e ra tu re  service. C ontainers are provided w ith  a 
b u ilt-in  pum p w ith  a ttached  hose and nozzle. The 
con tainer is equipped w ith  a handle, w hich perm its 
c a rry in g  the pum p ta n k  to  a fire. For low -tem ­
p e ra tu re  use, calcium  chloride potassium  dichro­
m ate antifreeze  charges are used. Common salt or 
chemicals o ther th an  those recommended by this 
B ureau  should no t be used in these extinguishers 
fo r any purpose, because they  m ay cause corrosion 
and render the ex tinguisher inoperative.

(2) Chemical Pressured. These ex tin ­
guishers are furn ished  in the s tan dard  soda and 
acid type, tilt-b o ttle  soda and acid type, and the 
b reak -bo ttle  soda and acid type. The soda-acid ex­
tinguisher is the m ost common w a te r  solution ex­
tinguisher in w hich pressure is used to  expel 
w a te r. A lthough  sa tisfac to ry  a t norm al tem pera­
tu res, i t  is no t p rac ticab le  a t low tem peratu res 
because any an tifreeze  agen t m ay cause corrosion, 
in te rfe re  w ith  chem ical reaction , or, if the an ti­
freeze agent is com bustible, reduce the ex tinguish­
ing action. Also, even if  an otherw ise suitable 
an tifreeze  w ere available, soda-acid extinguishers 
w ould  be of questionable value a t low tem peratu res 
because of the re ta rd in g  of the chemical action by 
cold. To p ro tec t these extinguishers from  freezing, 
they are usually  stored in an insulated cabinet 
heated by an electric bu lb  or strip  heater.

(3 ) Cartridge Pressured. These ex tin ­
guishers are usually  furn ished in a 2 ̂ -g a llo n  
capacity . The extinguish ing  agent is w a te r, and 
the pressure fo r expelling the w a te r  is carbon 
dioxide gas released from  a ca rtrid g e  by in vertin g  
the ex tinguisher and bum ping i t  on the floor to
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puncture, the gàs-re ta in ing  seal. These ex tin ­
guishers can be used a t  freezing tem pera tu res by 
charg ing  them  w ith  calcium  chloride solution.

b. Carbon Dioxide Squeeze-Grip Type (for 
Classes B and C ) . Because carbon dioxide is essen­
tia lly  nonconducting , these extinguishers are su it­
able fo r fires in electric equipm ent if  they are pro­
vided w ith  horns m ade of nonconducting m aterial. 
The most effective extinguishing resu lts are ob­
tained by applying the  discharge as close to  the 
fire as possible, p referab ly  betw een 3 and 8 feet 
m axim um , depending on the size. C arbon dioxide 
is slightly toxic and m ay suffocate persons exposed 
to high concentrations fo r long periods. There is 
no residue from  c a r b o n  dioxide, w hich makes these 
extinguishers especially useful in kitchens, hos­
pitals, and o ther areas in w hich contam ination is 
an im p ortan t fac to r. (R ef. 87.)

c. Dry-Chemical Type (for Classes B and 
C ). This ex tinguisher is the most recently  devel­
oped, and the design has no t yet been stabilized. 
The extinguishing agen t is a dry-chem ical m ix tu re  
expelled in pow der form  by a carbon dioxide 
ca rtrid g e  and from  wheeled extinguishers by n itro ­
gen from  cylinders. One design uses as a stan dard  
nozzle one th a t  discharges the d ry  chemical a t a 
re latively  low velocity in a w ide, fan-shaped 
stream  to give m axim um  coverage of a fire. A n­
other nozzle design, available as special equipm ent, 
delivers a high-velocity  stream  of d ry  chemical in 
a narro w  fan  shape. I t  is accordingly effective in 
the w ind or on fires th a t  m ust be a ttack ed  from  a 
distance. Types have been developed fo r use a t ex­
trem ely low tem p era tu res and for all conditions of 
exposure. (R ef. 87.)

d. Wheeled Units. W heeled extinguishers 
are available in all of the types m entioned above. 
W ith  the ir g rea te r capacity , they fu rn ish  consider­
ably more protection  th an  hand-po rtab le  sizes. In 
th a t  p a r t of the  Cold Regions, how ever, w here te r ­
ra in  presents a m obility fac to r, wheeled ex tin ­
guishers are difficult to  handle and freq u en tly  are 
im practicable.

e. Supplementary First-Aid Equipment. To 
supplem ent fire extinguishers w ith in  buildings, 
boxes of d ry  sand and w a te r  barrels should be 
placed a t convenient locations bo th  inside and o u t­
side the buildings. W ate r, if  placed outside or in 
unheated  buildings, should be p ro tected  from  
freezing by adding an an tifreeze  com pound. Sand 
and w a te r  containers placed outside m ust be

sheltered to  p ro tec t them  from  d r if tin g  snow and  
should be inspected daily  and cleared of snow and  
ice to assure th a t  the sand (and  scoop) and w a te r  
w ill be qu ick ly  available. F ire pails should be 
hung on hangers or set on shelves close to  fire 
barrels a t a convenient heigh t from  the floor. Fine, 
d ry  sand is an efficient m edium  to  suppress spill 
fires involving small q u an titie s  of flam m able liqu id , 
b u t it  is of no value  on fires of flam m able liqu id  
in pans or vats or on Class A fires in  o rd inary  com­
bustibles. Sand can be used effectively in p rev en t­
ing fires of flam mable liqu id  by covering and ab­
sorbing the spilled m ate ria l.

f. Effectiveness of Snow. Snow is not 
effective as a first-a id  m easure in  suppressing a 
blaze. Snow, because of its physical s tru c tu re , re ­
tains oxygen, w hich aids com bustion ra th e r  th a n  
suppresses it  unless th e  snow is extrem ely  w et and 
dense. F u rth e r, m elted snow form s a c ru s t to  p re ­
ven t additional m elting  a t  the base of the blaze, 
and the fire continues to  sm older un der the snow. 
Such an incident occu rred  d u rin g  a tr a c to r  tra in  
expedition w hen several h u n d red  gallons of av ia ­
tion gasoline had to  be dum ped. Personnel w ere 
unaw are  th a t  the fue l had  spread over a wide area  
under the snow. W hen they  sank th ro u g h  it, m ak ­
ing holes th a t le t in  oxygen, flames shot up  and 
burned vigorously, endangering  the en tire  tra in  
and its complement.
2F2.04 EXPEDIENT FIREFIGHTING EQUIPMENT

1. STA TIO N A RY  W A T E R  TANKS. L arge, 
heated buildings, such as shops, w arehouses, pow er- 
plants, and hospitals, can  be given some degree of 
protection by in sta lling  a large  tan k , such as a 
pontoon, w hich is filled w ith  w a te r  and connected 
th ro ug h  a pum p to  a fire hose. This system is 
especially p racticab le in boiler rooms and laundries, 
w hich usually  store considerable quantities of 
w ater. In  buildings th a t  are no t heated sufficiently 
to  p reven t the w a te r  in th e  ta n k  from  freezing, a 
calcium  chloride solution should be added. In  
equipm ent of this type, the  hose should be long 
enough to  reach any p a r t  of the bu ild ing and , if  
practicable, adjoining buildings.

2. W A TER FOG E Q U IPM EN T. The w a te r  
tan k  and pum p com bination described above can 
be used effectively in  con junction  w ith  w a te r  fog, 
supplied e ither from  hose cabinets or hose carts . 
W ater fog is valuab le  in  hand ling  nearly  any type 
of fire. Com bination nozzles capable of p roducing
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e ith e r  f o g  or s tr a ig h t  s trea m  are s ta n d a rd  eq u ip ­
m e n t. O n  C lass A  fires , e x c e lle n t  re su lts  are o b ­
ta in e d  b o th  w i t h  fo g  an d  s tr a ig h t  strea m . W a ter  
f o g  is e f fe c t iv e  on  C lass B fires, p a r tic u la r ly  on  
k ero sen e  an d  h e a v y  p e tr o le u m . O n lig h t  p e tro leu m , 
in it ia l  c o n tr o l ca n  u s u a l ly  be e ffec ted  to  th e  e x te n t  
th a t  fires ca n  th e n  be e x tin g u ish e d  b y  d r y  
ch e m ica ls .

O n  C lass C  fires , e le c tr ic  c ir c u its  sh ou ld  be sh u t  
off i f  p oss ib le . F o g  m a y  be u sed  on  liv e  e le c tr ic a l  
e q u ip m e n t i f  th e  o p e r a to r  rem ain s a t lea st 10 fe e t  
fr o m  th e  e q u ip m e n t. (R e f .  8 8 .)

T h e  ta n k  p u m p  sh o u ld  h a v e  su ffic ien t c a p a c ity  
to  g iv e  a fo g  ra n g e  o f  10 to  20 fe e t . S tra ig h t  
s tr ea m s sh o u ld  be e f fe c t iv e  a t 4 0  to  50 fe e t .

3. M O B IL E  W A T E R  T A N K S . M u ch  d ev e lo p ­
m en t w o r k  is p r e se n t ly  u n d er  w a y  b y  th e  S ervices  
to  p r o d u c e  m ore s a t is fa c to r y  m ob ile  eq u ip m en t fo r  
tr a n s p o r tin g  w a te r  fo r  f ig h t in g  fires. T r u c k s  la c k  
th e  a b il ity  to  tr a v e r s e  h e a v y  sn o w d r if ts ;  p resen t  
w a te r  ta n k s , f i t t in g s ,  p u m p s, an d  hoses need  m o d i­
fica tio n s  fo r  e x tr e m e ly  lo w  tem p er a tu res . A  re a ­
so n a b ly  s a t is fa c to r y  im m ersion  h ea ter  fo r  m ob ile  
w a te r  ta n k s  has b een  d ev e lo p ed . O n e typ e  o f  
e q u ip m e n t, w h ic h  is u sed  in som e areas, co n sists o f  a 
la r g e  in s u la te d  w a te r  ta n k  eq u ip p ed  w ith  a w a te r  
p u m p  an d  h ose s to r a g e  co m p a rtm en t and m o u n ted  
on  a s led  or tr a c k e d  v e h ic le  and to w e d  b y  a tr a c to r . 
I f  ro ad s w ith in  th e  area  are k ep t c lea r  o f  d r if ts ,  
su ch  a ta n k  m a y  be m o u n ted  on a tr u c k . T h e  
e q u ip m e n t sh o u ld  be s to red  in  a h ea ted  b u ild in g  
to  p r e v e n t  th e  w a te r  in  th e  ta n k  fro m  fr e e z in g  
and  to  a ssu re  th a t  th e  v e h ic le  is ca p a b le  o f  s ta r t in g  
q u ic k ly  in  co ld  w e a th e r .  A n tifr e e z e  m a y  be u sed  
in in s u la te d  ta n k s , b u t  th e  to x ic  e ffec t  o f  a n y  
fu m e s  g e n e r a te d  w h e n  th e  m ix tu r e  is th r o w n  on a 
fire m u s t  be g iv e n  co n sid e ra tio n .

2F2.05 PORTABLE FOAM EQUIPMENT

F oam  is p ro d u ce d  a t  th e  t im e o f  th e  fire b y  v a r i­
ou s m ea n s, d ep en d in g  on  th e  d eg ree  o f  co n tro l as 
to  p ro p o r tio n s  an d  q u a l i t y  req u ired . Foam  is e x ­
c e lle n t  fo r  e x t in g u is h in g  m a n y  ty p es  o f  flam m ab le  
liq u id  b u t  is n o t s u ita b le  fo r  p r o te c t io n  o f  ta n k s  
o f  a lc o h o l, a c e to n e , or o th er  liq u id  m ore v o la tile  
th a n  g a so lin e . S p ec ia l fo a m , h o w e v e r , is a v a ila b le  
fo r  p r o te c t io n  o f  su c h  m a ter ia ls . Foam  sh ou ld  n o t  
be u sed  on  m e ta l fires or on liv e  e le c tr ic a l eq u ip ­
m en t. I f  te r r a in  c o n d it io n s  m ak e  access b y  tr u c k  
p o ssib le , sm a ll c r a sh  u n it s  eq u ip p ed  w it h  fo a m , c a r ­
bon d io x id e , an d  w a te r  fo g  co m b in a tio n s  are v a lu ­

a b le  fo r  h a n d lin g  v e h ic le  an d  sm all a ir c r a ft  re scu e  
w o r k . N o  e q u ip m en t is a v a ila b le  th a t  has su ffic ien t  
f ir e -e x t in g u ish in g  a b ility  to  h a n d le  s u c c e s s fu lly , 
u n d e r  a ll co n d itio n s  o f  te rr a in  an d  w e a th e r , e v e r y  
ty p e  o f  cr a sh -fire  em e rg en cy  in v o lv in g  la r g e  a ir ­
c r a f t .  P o r ta b le  v ersio n s  o f  fixed  fo am  sy stem s are  
a v a ila b le  fo r  areas in  w h ic h  w h ee led  v eh ic le s  h a v e  
su ffic ien t c r o s s -c o u n tr y  m o b ility  to  w a r r a n t  th e ir  
u se. T h ese  areas, h o w e v e r , are n o t ty p ic a l o f  th e  
e n v ir o n m e n ts  w it h  w h ic h  th is  p u b lic a t io n  is c o n ­
cern ed .
2F2.06 FIREFIGHTING AND RELATED

EQUIPMENT, WITH ADEQUATE WATER 
SUPPLY

1. G E N E R A L . T h e  p rob lem s o f  fire p ro te c tio n  
in  th e  C old  R eg io n s are, o f  co u rse , s im p lified  w h en  
an a d e q u a te  an d  re lia b le  su p p ly  o f  w a te r  fro m  a 
c e n tr a l d is tr ib u tio n  system  is a v a ila b le . C o n v e n ­
t io n a l m o b ile  fire a p p a ra tu s  and  b r ig a d e  m eth od s  
o f  f ig h t in g  fires ca n  th en  be used  i f  roads are k ep t  
o p e r a tiv e  and  i f  e q u ip m en t is m od ified  fo r  lo w -  
te m p e r a tu r e  serv ic e . F ix ed  fire p ro te c tio n  e q u ip ­
m en t, su ch  as a u to m a tic  sp r in k lers , w a te r  fo g , and  
foa m  sy stem s, ca n  be in s ta lled  i f  th e ir  use can  be 
ju s tif ie d . I t  sh o u ld  be b orn e in  m in d , h o w e v e r ,  
th a t  in  p er m a fr o s t  areas w h ere  a c e n tr a l w a te r  
sy stem  e x is ts , i t  o f te n  m eets o n ly  m in im u m  r e ­
q u ir em en ts  an d  m a y  la c k  e le v a te d  ta n k s  and  o th er  
fo rm s o f  s to ra g e  c a p a c ity . A lso , d ifficu lties  fro m  
su p p ly  lin es an d  r e la te d  fa c il it ie s  fr e e z in g  d u r in g  
lo w -te m p e r a tu r e  p er io d s m a y  be e x p ec ted .

2. D I S T R I B U T I O N  SY STE M S. C r iter ia  o f  th e  
B u rea u  o f  Y a rd s an d  D o c k s  sh o u ld  be u sed  in  a ll 
phases o f  d es ig n , la y o u t ,  an d  c o n str u c t io n  o f  th e  
w a te r  d is tr ib u t io n  sy stem . In  la y in g  o u t  p r o te c ­
tio n  i t  is im p o r ta n t  to  co n sid er  th e  p ro b ab le  d e v e l­
o p m en t o f  th e  f a c i l i t y  an d  to  p la n , a t lea st in  a 
g e n era l w a y , p r o te c t io n  fo r  th e  u lt im a te  p la n t .  
P ip e sy stem s se r v in g  h y d r a n ts  and  fixed  p r o te c t io n  
sy stem s sh o u ld , w h e r e v e r  p r a c t ic a b le , be a r ra n g ed  
in  loop s.

3. H Y D R A N T S . S p ecia l m eth o d s are req u ired  
to  k eep  h y d r a n ts  fr o m  fr e e z in g . In  m a n y  areas, 
h y d r a n ts  are b o x ed  d u r in g  th e  w in te r  m o n th s to  
p r e v e n t  fr e e z in g  a n d  s t i l l  p ro v id e  ea sy  access. (See  
F ig u re s  2 F 2 -1  a n d  2 F 2 -2 .)  U s in g  sa lt  or sa lt  s o lu ­
tio n s  in  h y d r a n t  b a rre ls  to  p r e v e n t  fr e e z in g  is n o t  
re co m m en d ed  b eca u se  o f  th e ir  co rro s iv e  e ffec t  an d  
l im ite d  u s e fu ln e s s . T h e  m o st s a t is fa c to r y  m eth o d  
o f  th a w in g  fr o z e n  h y d r a n ts  is b y  stea m  hose.
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F IGURE 2F2-1
H ydrant Box, Fairbanks, Alaska

F IG U RE 2F2-2

H ydrant Box O p ened  To Sho w  Hose  
C o nnection s

Portable boilers, in  w hich steam  m ay be produced 
rapid ly , should be s tan d ard  equipm ent fo r Polar 
firefighting organizations. (Ref. 87.)

4. FIRE HOSE. O rd in ary  fire hose gives ade­
qu ate  service a t tem peratu res as low  as — 65° F. 
I t  becomes stiff and b r ittle  a t low tem peratures, 
however, and p a r tic u la r  care m ust be tak en  in 
handling. Loss of hose is high w hen fighting fires 
a t low tem peratu res because it often  freezes to  the 
ground , p articu la rly  in w et areas near the hy­
dran ts  and the fire, w here there m ay be spillage. 
The hose should be thaw ed loose as qu ick ly  as pos­
sible, drained im m ediately on stoppage of w ate r 
flow, and dried. Freezing of co tton  hose causes 
crack ing  and breaking of the cotton  w ebbing. A 
p ractical w ay of d ry ing  hose is to  d irect w arm  
exhaust from  vehicle engines th ro u g h  it. Firm 
rules fo r hanging and caring  for hose w hen no t in 
use are essential if  hose is alw ays to  be ready to 
com bat fires.

5. SPRINKLER SYSTEMS. Sprinkler systems 
should be designed in  accordance w ith  B ureau of 
Yards and Docks standards.

6. OIL STORAGE. The design of storage 
facilities for sta tionary , veh icu lar, and a irc ra f t en­

gine fuel, lu b rica ting  oil, and heatin g  oil is accom ­
plished in accordance w ith  B ureau  policy and  
standards. Deviations from  accepted stan dards 
and procedures are o ften  necessary in the  Cold 
Regions because of the  disciplines encountered . 
In perm afrost areas fuel oil sto rage tan ks are 
located underground  to  a m uch lesser ex ten t th an  
in tem perate clim ates. This necessitates consider­
able m odification of handling  systems and  layou ts, 
which are norm ally based on u n d erg ro u n d  storage. 
(See Ref. 65.)

This B ureau recom m ends subsurface  app lica­
tion of foam to fue l tan ks by a m ethod developed 
by the N avy  th a t  is presently  regarded  as s tan d ­
ard  for large fuel tan ks. By th is m ethod, foam  is 
pum ped into the ta n k  below the  oil su rface , ex tin ­
guishm ent being accomplished by th e  foam  floating 
up and covering th e  oil surface . This m ethod re-



quires th a t  m echanical foam  be produced under 
pressure and  w ith  closely controlled proportions 
and q u a lity .

B ureau  stan dards requ ire  th a t each aboveground 
ta n k  be enclosed by an individual dike w ith  a m axi­
m um  heigh t of 5 feet (nom inal) and w ith  a m ini­
m um  1-foot freeboard . The necessity of obtaining 
adequate  qu an tities  of stable fill fo r dike construc­
tion should be considered in planning the project.

2F2.07 STATIC

P artic u la r  a tten tio n  m ust be given to static  
ignition hazards in the Cold Regions, especially 
inside buildings th a t  m ay have an extrem ely low 
hum idity  if  very cold a ir is b rough t into the bu ild ­
ing and heated to room tem p era tu re  w ith ou t the 
addition of m oisture. All po ten tial gaps should be 
bonded unless generation of static  can be 
elim inated.

Section 3. FIRE DETECTION

2F3.0I CLASSES OF DEVICES

T here are th ree  d is tin c t classes of fire detecting 
devices, all of w hich operate satisfactorily  in the 
Cold Regions if  p roperly  installed.

( 1 ) F ix ed -tem pera tu re , designed to  operate 
w hen the tem p era tu re  rises to  or exceeds a ce r­
ta in  value.

(2) R ate-o f-rise , designed to  operate when the 
tem p era tu re  rises fa s te r  th an  a predeterm ined ra te .

(3 ) Smoke de tec to r, ac tu a ted  when smoke in ­
te r ru p ts  a ligh t beam  to  a photoelectric cell.

There are availab le also num erous devices em ­
bodying bo th  the fixed-tem perature  and ra te-o f- 
rise fea tu res.
2F3.02 THERMOSTATIC DEVICES

T herm osta tic  devices (R ef. 87) are grouped as:
a. Spot devices in  w hich the therm ally sen­

sitive elem ents are  "sp o tted” a t specified dis­
tances a p a r t on the  ceiling or roof.

b. C ontinuous line type, in which the 
therm ally  sensitive elem ent is continuous along 
the line.

They are subdivided (R ef. 78) into:
a. Devices w hich are capable of repeated 

operation w ith o u t replacem ent (unless dam aged 
or th ro w n  ou t of ad justm en t by h ea t) .

b. Devices w hich m ust be replaced when 
they have once been operated.
P roper location of therm ostats, therm ostatic 

w ire, a ir cham bers, tu b in g , and o ther hea t-ac tua ted  
devices is p a r ticu la r ly  im p ortan t in the Cold 
Regions. S trong d ra f ts  m ay in troduce serious de­
lays of operation, w hich m ay also be adversely 
affected by in stallation  near cold surfaces, such as 
poorly insulated  w alls and ceilings. The stab ility  
of the fusible elem ents on w ire systems should be 
investigated to determ ine th a t  these elements w ill 
provide dependable protection  under extrem e low- 
tem p era tu re  conditions.
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CHAPTER 3. CO N STRU CT IO N

PART A. PLANNING FOR POLAR CONSTRUCTION

Section I. PACKING, HANDLING, AN D  STORAGE OF CONSTRUCTION  
MATERIALS AN D  EQUIPMENT

3AI.0I GENERAL

O perations inciden t to  service of supply in the 
m ore rem ote areas of th e  Cold Regions m ust be 
precisely planned so th a t  w ork  m ay be perform ed 
qu ick ly  and  efficiently and w ith  a m inimum of 
h aza rd  to  personnel. Difficulties of transp o rta tion  
and nonexistence of accessible resupply points m ay 
necessitate m ain tenance of the operation w ith o u t 
reinforcem ents over an extensive period and re ­
qu ire  s tr ic t acco un tab ility  fo r fuel and o ther con­
sum able supplies. The disciplines of the area and 
the contingencies th a t  m ay occur because of them  
should receive the u tm ost consideration. This w ill 
requ ire  emphasis on facto rs th a t, in the Tem ­
perate  Zone, are no t involved or are of m inimum 
im portance.

1. M ATERIALS SUPPLY. Plans fo r m aterials 
supply are d ic ta ted  by the location of areas in 
w hich w o rk  is to  be accomplished and the types of 
tra n sp o rt th a t  w ill serve. I f  w a te r  transp o rt is 
involved, p lann ing w ill be governed by the lim ita­
tions of ship service and  related  facilities. In m any 
sections of the Cold Regions, supply by ship m ust 
be lim ited to  only a few  weeks du ring  the year, and 
it  requires a w ell-a rran g ed  and efficient operation 
to  un load sufficient b u lk  cargo to  supply the project 
fo r the period requ ired . In  such cases, m aterials 
m ust generally  be ordered  tw o years in advance 
of con struc tion . I f  delivered dockside a t the 
shipping p o rt in la te  Ju n e  or early  Ju ly , they w ould 
o rd inarily  be delivered to  the beachhead du ring  
A u gu st or Septem ber. Scheduling from  th a t point 
depends on the n a tu re  of the consignm ent and its 
final destination . A u g u s t and September are gen­
erally  too late  fo r  excavation  in the same year in 
the  n o rth e rn  Cold Regions. If  the site is located

in land from  the coast, tran sp o rt overland m ust be 
m ade the follow ing w in te r  to  the construction  
site, and construction  w o rk  begun the following 
spring; or if  the shipm ent involves m aterials fo r 
inside construction , w o rk  can s ta r t on arriv a l.

2. SEQUENCE OF SHIPM ENT. M aterials and 
equipm ent fo r construction  in the Cold Regions 
should be ordered and  shipped in the follow ing 
sequence.

( 1 ) Beach un loading equipm ent, if required .
(2 ) T em porary  housing.
(3 ) E xcavation  and  grad ing  equipm ent.
(4 ) Pipe, cem ent, reinforcing steel, and ex­

te rio r fram ing  m aterials.
(3 ) In te rio r  finish m aterials and equipm ent.
(6 ) H ea ting  and  electrical equipm ent.

3. M A IN TEN A N C E OF SCHEDULE. I t  is im ­
perative  th a t  all w o rk  be scheduled to  coincide 
w ith  the season th a t  is m ost favorable to its ac­
com plishm ent (Section 3A2) and th a t  construc­
tion schedules be rig id ly  m aintained. A year can 
easily be lost if  schedules lag , p a rticu la rly  d u rin g  
the early  p a r t  of the  construction  plan.

4. ICE-FREE PORTS. A dvance planning for 
construction  in in te rio r areas w here tran sp o rt is 
by ra il or h ighw ay from  ice-free ports can proceed 
in a m anner com parable to  th a t in tem perate 
clim ates, except th a t  e a r th  handling and concrete 
w o rk  should be com pleted before freezeup. Build­
ings should be enclosed, and a t least tem porary heat 
installed, before the  adven t of extrem ely cold 
w eather. M aterials shipped by ocean tran sp o rt 
should be shipped as m any m onths ahead of con­
struc tion  as possible because of unpredictable ship 
sailings, w hich are freq uen tly  in te rru p ted  by 
strikes, of longshoremen and ships’ crews.
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3A 1.02 PREPARATION AND HANDLING  
OF CARGOES

P reparation  of cargoes consigned to  projects in 
the Cold Regions, including m ark ing , packing, 
handling , stow age, and determ ination  of w eight 
lim itations, dimensions, and o ther details, are  ac­
complished in accordance w ith  the p ertinen t direc­
tives and in structions of sponsoring Services. The 
following procedures are recom m ended to  facili­
ta te  loading, stow age, tran sp o rta tio n  discharge, 
and rehandling and to  minimize dam age or loss 
from  w ate r and rough  handling.

(1) D rum m ed oil p roducts need be m arked 
only for description of contents. Gasoline should 
be shipped in new  drum s. Use of reconditioned 
drum s is lim ited to  lu b rica tin g  and diesel oil. All 
drum s m ust be inspected fo r tightness of plugs, 
presence of leaks, and secure stow age in holds and 
m ust be loaded on end w ith  p lugged ends up.

(2) Beach area, w eigh t, cubage, contents, and 
vendor m ust be stenciled on each container. This 
does not apply to  petro leum  products, except as 
noted in (1 ) .

( 3 ) All cargo should be properly  export packed 
and, insofar as practicab le , palletized to  facilita te  
handling in the ships and on the beaches.

(4) Palletized m aterials should be securely 
strapped w ith  m etal strapp ing , using corner plates 
when the straps are necessary to  elim inate dam age 
to  m aterials.

(5) F lour and sug ar should be packaged in 
w aterp roof containers and boxed; m etal containers 
are preferab le, if  available.

(6) Commissary supplies should be packaged in 
w aterp ro of containers and securely boxed.

(7) M achinery and spare p a rts  should be 
trea ted  w ith  corrosion-resistive m aterials and pre­
servative and packaged in export boxing.

(8) D rilling  m ud, sand, cem ent, and like m a­
terials should be packed in m etal containers hold­
ing fo u r sacks each. I f  m etal containers are not 
available, the m aterials should be placed in w a te r­
proof bags and export boxed or sealed in w a te r­
tig h t barrels.

(9) Lum ber should be m etal strapped in sling­
load lots, and pieces should be of equal length .

(10) Plywood, w allboard , and  insulation  m a­
terials should be w a te rp ro o f w rapped  and well 
c ra ted  w ith  w eights no t exceeding the p redeter­
mined m axim um .

(11) P re fab rica ted  housing fo r w orkm en should

be shipped so th a t  the con struc tion  cam p can  be 
quickly erected and  should be designed so th a t  
w orkm en can handle ind iv idual sections in spite 
of heavy gloves and bu lk y  clo th ing .

(12) Beach un loading and construc tion  equ ip ­
m ent should be loaded aboard  ships so th a t  i t  can 
be unloaded w ith o u t undue  delay in accordance 
w ith  the predeterm ined sequence.

(13) When supply operations fo r  an expedition 
involve several ships trav e lin g  in convoy, each 
category of goods necessary to  su rv iva l of p e r­
sonnel and co n tin u ity  of operations should be 
divided among th e  several ships so th a t  in case of 
loss or delay of one or m ore ships the expedition 
can still function  w ith  a m inim um  of delay and 
inconvenience.

(14) M axim um  w eights and  dimensions of in ­
d iv idual pieces of equ ipm ent and  m aterials should 
be lim ited to  the capacity  of the  tran sp o rta tio n  and  
handling th a t w ill be available en rou te . (R ef. 89.)
3A 1.03 ECONOMIC CONSIDERATIONS

Consideration should be given to  the economic 
aspects of the service of supply, p a rtic u la r ly  if  
commercial carrie rs  and re la ted  organizations are 
involved. Full in fo rm ation  should be ob tained on 
the following fo r each p a r t  involved.

(1) Term inal charges, in c lu d in g  penalty  cargo  
unloading and heavy  l i f t  charges, w h arfage , and 
rehandling.

(2) Tariffs, com m odity classifications, and su r­
charges.

(3 ) C argo-handling equ ipm ent and stevedore 
services.

(4 ) T u g  service, tak in g - and  releasing-line 
service, and ligh terage.

( 5 ) Boiler and d rin k in g  w a te r  service.
( 6 ) Berthage.
(7) F erry  or ta x i service to  ships a t anchor.
(8) P o rt regu la tions reg a rd in g  the handling  of 

special m aterials such as vehicles, explosives, bu lk  
petroleum , bu lk  asphalt, b u lk  cem ent, lum ber, and 
others.
3A 1.04 UNLOADING AND RELOADING

1. GENERAL. T he un load ing  of supplies and 
equipm ent on beachheads or land ing  strips and 
the reloading of these m ateria ls  fo r  cross-coun try  
tran sp o rta tio n  to  th e  con struc tion  site are am ong 
the m ost im p o rtan t tasks to  be u n d ertak en  in  con-
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nection w ith  th e  establishm ent of a facility  in re ­
m ote areas. Sufficient personnel m ust be assigned 
to  th is phase of the operation to  assure th a t  the 
w o rk  of p rov id ing  shelter and m aintenance fo r 
m en and  equipm ent and  for operation of the 
w eigh t-hand ling  equipm ent is conducted efficiently 
in  spite of contingencies th a t  m ay arise.

2. BEA CHH EAD OPERA TIO NS. Ships are 
usually  involved in tran sp o rtin g  supplies to  large 
operations in th e  Cold Regions. A lthough thousands 
o f tons of supplies have been moved in these regions 
by a ir  and  by tra c to r  tra in , i t  is obvious th a t the 
n earer to  the even tu al site th a t  ships can bring 
bu lk  cargoes and  heavy construction  equipm ent 
the  m ore efficient w ill be the em ploym ent of men 
and  m achines. (R ef. 21.) (See Section 3B1.)

C ustom arily , th e  beach is divided in to  zones 
m ark ed  fo r various classes of cargo. By a p re ­
viously devised loading p lan , a balanced unloading 
operation  is ob tained th a t  perm its the sim ultaneous 
w o rk in g  of a ship’s hatches fo r delivery of cargo 
a t all beach points. Pallets are usually  loaded no t 
to  exceed 4,000 pounds, w ith  flour, sugar, cem ent, 
calcium  chloride, and  so on, protected  by w a te r­
proof coverings. A crew  should be available to  
handle cargo a f te r  it  has reached the beach areas, 
to  operate w eig h t-lif tin g  equipm ent, and to move 
the  cargo  from  the beach to  the storage areas, as 
w ell as to  assist in the m aintenance and repair of 
all equ ipm ent, inc lud ing  the small c ra f t  used in 
th e  un loading operations. Because w eigh t-liftin g  
equ ipm ent is availab le usually  in lim ited quantities, 
i t  m ust be u tilized  to  the highest degree of its 
capacity . M oving of supply equipm ent from  one 
beach area to  ano ther should be avoided. W ork­
ing areas should be k ep t clear to avoid congestion 
and consequent slow ing dow n of unloading and 
ligh terage operations. (R ef. 89.)

I f  the cargo has previously been properly m arked 
and  packaged fo r m axim um  protection against 
loss, w a te r  dam age, and  rough  handling, field 
hand ling  and sto rage operations will be greatly  
simplified. Beachhead operations require a irc ra f t 
to  supply perishables, em ergency parts , and per­
sonnel. A tem p ora ry  w in te r  airfield can be con­
s tru c te d  ra th e r  qu ick ly , even though the all-year 
airfield m ay no t have been com pleted before 
freezeup, by leveling off the m uck or gravel 
w ith  a d rag  and  allow ing it  to  freeze. (See also 
Section 3D 3.) Even sites fo r tem porary  landing 
strips, housing, and  sto rage areas m ust be care­

fu lly  chosen to  minimize construction  tim e and 
m aintenance. (See Section 2A2^)

3. SUPPLIES BY AIR. Thousands of tons of 
supplies and equipm ent are regu larly  transp orted  
each year by a ir in the Cold Regions. D u ring  w in­
te r , w hen the g round  is frozen, planes can be 
landed on e ither skis or wheels, depending on 
snow conditions a t the landing strip . In sum m er, 
landings are on a irstrips, on gravel or sandspits, 
or on lakes or o ther bodies of w ate r. Regardless of 
the type of landing area, unloading operations in ­
volve the same general principles regard ing  classi­
fication of supplies as unloading from  ships or 
barges. P rom pt and efficient handling and early  
release of the ca rrie r  is p a rticu la rly  im p ortan t 
w hen tem pera tu res are low or when a ir operations 
are hazardous. (See Section 3B3.)

4. W E IG H T  - H A N D L IN G  EQUIPM ENT. 
E quipm ent fo r handling  cargo a f te r  its a rriv a l a t 
the unloading site, w hether beachhead or a irs trip , 
consists generally of cranes, A -fram es, fo rk lifts , 
c raw ler tra c to rs , sleds, go-devils, toboggans, and 
A they wagons. Personnel carriers, fuel and w a te r  
carrie rs , and o ther special service vehicles fo r fire­
figh ting  and o ther purposes supplem ent the un load­
ing and tran sp o rta tio n  Vehicles. T ru ck  cranes are 
m uch faster th an  tra c to r  cranes, b u t because of 
the te rra in  fea tu res of the Cold Regions and the 
absence of roads, wheeled vehicles are generally 
un sa tisfac to ry  except in the  im m ediate cam p area, 
w here a few  roads m ay have been constructed . 
T rack  equipm ent has been most successful. The 
presence of m any stream s and lakes d u rin g  the 
sum m er season requires th a t  personnel and ligh t 
u tili ty  vehicles be am phibious in order to  provide 
y ear-aro und  service. (R ef. 89.)

5. RELOA DING . Once the supplies are u n ­
loaded on the beach or land ing  s trip  there  still re­
m ains the task  of reloading them  for tran sp o rta ­
tion  to  the job site. In  th e  rem ote areas of the 
Cold Regions there  are few  roads, and the  most 
effective and dependable means of cross-country  
tran sp o rta tio n  of m aterials and equipm ent is by 
tr a c to r  tra in s composed of go-devils or sleds tow ed 
by a craw ler tra c to r . (See par. 3B2.02.) The te r ­
ra in  is usually  rugged , and the loading m ust be 
efficiently accomplished to  avoid o v ertu rn in g  and 
sh ifting  of loads.

Experience and a know ledge of the rou te  to  be 
traveled  is of g rea t help in determ ining the m axi­
m um  allow able height and w eight of loads.
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Most m an u fac tu re rs  m ark  the load capacity  on 
the sled. Allowance fo r age and condition of sleds 
should he made. Because sled p la tform s are gen­
erally  constructed  in the field and v a ry  in length 
according to  the distance betw een the f ro n t and 
rea r sets of runners, the load they c a rry  w ill de­
pend on the m axim um  allow able u n it stress in the 
longitudinal members.

The height of the load is generally governed by 
its tipping tendency ra th e r  th an  its w eigh t. For 
any b u t old, smooth tra ils , the heigh t from  the 
ground to the top of the load should no t exceed 
the w idth . This last m easurem ent should be kept 
under 10 feet because of obstructions along tw is t­
ing routes. W ide loads require  break ing  a tra il 
w ider th an  the dozer blade, w hich causes excessive 
w ork  and delay.

Loads should be secured before the tra in  sta rts . 
A shifting  load no t only w astes precious traveling  
time on the tra il , b u t it  d istrac ts the operator 
w hen he should be concen tra ting  on ru n n in g  the 
tra c to r. Loose loads should be boxed in w ith  flat 
lum ber a t the sides, and open loads, such as w ire  on 
spools or a landing m at, should be spiked to  the 
p la tfo rm  and secured by stakes driven  th ro ug h  
the openings. (Ref. 21.)
3 A 1.05 SHELTERS

A dequate housing of personnel and equipm ent 
is necessary d u rin g  all phases of operations in the 
Cold Regions. W anigans, Jam esw ay h u ts , ten ts, 
or sim ilar shelters are provided fo r th is purpose. 
The housing area should be laid o u t care fu lly , w ith  
consideration given to  exposure, foundation  condi­
tions, and fire protection. (See Sections 2A2, 2A6, 
and 2F2.) A ll buildings th a t  are to  be moved 
d u rin g  w in te r should be blocked up  from  the 
ground because they m ay freeze to  the m ud or 
gravel and be pulled a p a rt w hen heavy equipm ent 
hooks onto them . Substan tia l tim ber skids placed 
under tem porary  housing a t the tim e of erection 
w ill facilita te  m oving the s tru c tu re  to  o ther loca­
tions. For details regard in g  the various types of 
s tru c tu res  commonly used to  provide housing for 
personnel or equipm ent in the Cold Regions, refer 
to Section 2E2.
3A1.06 STORAGE OF SUPPLIES

1. GENERAL. For the g rea t bu lk  of common 
construction  m aterials and supplies, . storage 
methods in the Cold Regions are the same as those

used in the T em perate Zone. M odification of the  
common storage fac to rs  is necessary p rim arily  be­
cause of the effect of low tem pera tu res on ce rta in  
m aterials (par. 2A 9.01) and because of m oisture 
condensation w hen cold equipm ent is b ro u g h t in to  
w arm  rooms. The ou tdoor sto rage area should be 
carefu lly  selected w ith  respect to  its v u ln erab ility  
to floods, icing, d r if tin g  snow, and other hazards. 
(See Section 2A 2.) Sites in w hich stored m aterials 
w ill cause in terference to  su rface  or subsurface  
drainage should be avoided. Exposed sites are gen­
erally  preferab le to  lee positions, w hich are sub ject 
to  d riftin g  snow. Each general type of m ateria l 
should be segregated, and the  location of each area 
well charted  w ith  long flag stakes to  fac ilita te  
identification u n d er d r if tin g  snow and  d u rin g  
storms. Photographs of th e  area , m ade p rio r to  the  
advent of snow, are very  usefu l w hen it  is requ ired  
to  move m aterials d u rin g  w in te r. . A ll m aterials 
should be piled in o rderly  fashion, w ith  adequate  
firebreaks provided. Each pile should be ca re fu lly  
inventoried and w ith d raw a ls  recorded. Piles should 
be so spaced th a t  c a rry a ll scrapers can rem ove 
snow th a t m ay d r if t  a ro u n d  them .

2. PETROLEUM .
a. Bulk Storage. B ulk sto rage tan k s  pro ­

vide a reserve a n d /o r  opera ting  supply of liqu id  
petroleum , such as m otor vehicle gasoline, aviation  
gasoline, je t fuel, diesel oil, fue l oil, and engine oil. 
The selection of th e  proper type of storage to  be 
installed fo r each com m odity depends on a num ber 
of factors, includ ing  perm anency of insta lla tion , 
g round conditions, com parative  costs, location and 
characteristics of the  site, p ro tection  requ ired , and 
am ount of oil being sto red . The issuance of plans 
and specifications reg ard in g  oil sto rage and dis­
pensing facilities is a fu n c tio n  o f the  using agency. 
M anuals prepared by the  Corps of Engineers, D e­
partm en t of the A rm y, con ta in  in fo rm ation  and in ­
structions covering the m ajo r requirem ents in the 
design of veh icu lar and  a irc ra f t  engine fuel and 
engine oil storage and  dispensing systems fo r all 
Services. (See par. 6 of 2F2.06.)

b. Storage o f Oil D rum s. D rum s of gasoline 
and oil should bè c a re fu lly  inspected a t  the u n ­
loading point fo r tigh tness of plugs and possible 
leaks. D rum s should be sto red  w ith  the  p lug  end 
up and m arked fo r descrip tion  of con ten ts. Spill­
age of fuel and gasoline in to  the  snow aroun d  the 
storage area should be avoided because th is snow 
will not com pact b u t  w ill rem ain  soft and slushy
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th ro u g h o u t the w in te r. In  laying ou t the oil sto r­
age area, consideration should be given to the pos­
sibility of con tam inating  the drainage shed of the 
w a te r  supply. A dequate  firebreaks are, of course, 
im p o rtan t in the oil sto rage area. (Ref. 89.)

W A R N IN G
W hen handling  d rum s or o ther m etals a t ex­

trem ely  low tem p era tu res, personnel should be 
ca re fu l no t to  co n tac t th e  m etal w ith  unprotected  
hands or o ther uncovered p a rts  of the body. P er­
spiration  of the skin affords sufficient m oisture to  
freeze the  hands to  th e  m etal. Forcible rem oval of 
the p a r t  m ay cause rem oval of the skin, resu lting  
in  p a in fu l in ju ry .

; c. Separation of Hazardous Materials. Fire 
is an  ever-p resen t m enace, and the most rigid p re­
cau tio n a ry  m easures m ust be observed to  prevent 
its occurrence. Caches of explosives, fuel, lu b rica t­
ing  oils, and  bitum inous m aterials should be located 
rem ote from  buildings and should be well separated 
by firebreaks w ith in  th e ir ow n storage area. 
A sphalt and  ta r ,  p a r tic u la r ly  w hen c u t back w ith  
n ap h tha  o r kerosene, a re  highly flammable.
3A1.07 REFRIGERATED STORAGE

1. M ECH A N ICA L SYSTEMS. R efrigeration is, 
o f course, as im p o rtan t in the Cold Regions as in 
the  T em perate Zone. T he basic factors affecting 
design of m echanical re frigera tion  systems are the 
same, and  th e  u su a l procedures for storage and 
care o f p rod uc ts  apply . In the Cold Regions the 
u n ce rta in ty  of tran sp o rta tio n  facilities and the 
fa c t th a t  p rac tica lly  all food m ust be im ported re ­
qu ire  th a t  emphasis be placed on q u an tity  s to r­
age and  space requirem ents. Several types of 
po rtab le  re fr ig e ra tin g  un its  have been developed 
by the  arm ed services fo r advanced bases. These 
include w alk -in  types of 15 0-cu-ft capacity , 25- 
c u - f t chest type, 5 0 -cu -f t reach-in field re frig e ra ­
to rs, p re fab rica ted  re fr ig e ra ted  warehouses of 
various capacities, and  portab le  ice plants. All of 
these w ere  designed fo r m axim um  ruggedness com­
bined w ith  lig h t w eigh t and m axim um  adap tab ility  
to  field service. Such re frig era to rs  can be designed 
to  m eet all o rd in ary  re frig era tio n  requirem ents and 
can be erected  and  placed in operation in a m a tte r  
of days. D u rin g  ex trem ely  cold w eather, aux iliary  
heating  facilities m ay  be requ ired  to  preven t freez­
ing tem p era tu res  w ith in  cooler rooms.

2. N A T U R A L  CO LD STORAGE. In an area

of perm anently  frozen g round , n a tu ra l re fr ig e ra ­
tion fo r y ear-a ro u n d  use m ay be obtained by ex­
cava ting  pits in perm afrost. The Eskimos have 
used lockers in perm afrost fo r  storing oil and some 
foodstuffs fo r m any years. L arger storage cham ­
bers in perm afrost have been used successfully by 
the Lomen Com m ercial Company along the A rctic  
coast and by the  N av y  a t  P oint Barrow . The usual 
m ethod of bu ild ing  such lockers is to sink a ver­
tica l sh aft in to  perm afrost and, a t the bottom , 
d r if t  ho rizon ta lly  to  form  a tunnel or v au lt. The 
N av y  locker a t  Po in t B arrow  was 22 f t  x 18 f t  x 7 
f t  high. The sh a ft w as 8 f t  x  8 f t  x  21 f t  deep. A t 
the top of the sh aft w as a 3- x  4 - f t  trapdoor w ith  a 
2-in. cu rved  ven t pipe. A repo rt on the operation 
of th is locker states:

O n 6 Septem ber 1946, 1,500 cu f t  of frozen 
boneless boxed beef, po rk  loins, pork  ribs, chicken, 
tu rk e y , liver, bacon, and  b u tte r  w ere placed in the 
locker, w hich w as then sealed. The locker was no t 
opened u n til 12 A pril 1947, when the first items 
w ere w ith d ra w n  fo r use. A t th a t  time the cellar 
tem p era tu re  w as —6° F and the outside above­
ground  tem p era tu re  w as 20° F. This indicates th a t 
the cold had pen e tra ted  in to  the locker du ring  the 
w in te r m onths and had  low ered the tem pera tu re  of 
the locker below the  su rround ing  form ation. 
(P erm afrost has a year-a ro und  tem pera tu re  of 16° 
to  22° F .) A t the  tim e of w ith d raw al, the food 
had been in storage 7 m onths, was frozen solid, 
and was in good condition. The containers w ere 
in the orig inal s ta te , and there  was no m oisture or 
mold present. T he locker was then sealed and no 
ex tractions w ere m ade u n til 13 June 1947, when 
the rem aining item s w ere removed. A t th a t  tim e 
the locker tem p era tu re  was 9° F and the outside 
aboveground tem p era tu re  was 329 F. These last 
items had been in sto rage fo r 9^2 m onths, w ere 
com pletely frozen, and the containers, of wood and 
paper construction , w ere in the original condition. 
(R ef. 90.) (See also par. 2E1.05.)

a. Storage Procedure in N atural Cold-Stor- 
age L o c k e r s Fresh fru its , vegetables, and eggs can 
be kep t frozen in fa irly  good condition for long 
periods, b u t they  w ill deterio ra te  rapid ly  if  a l­
lowed to  th aw  and  freeze repeatedly. (R ef. 21.)

Most canned foods can be frozen w ith o u t loss 
of food value, th ou gh  the flavor of some p roducts 
m ay be affected. O ccasionally a can m ay b u rs t in 
freezing, and in such cases the  contents should no t 
be eaten unless i t  is ce rta in  th a t they have re-
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mained continuously frozen. The cans m ay have 
been w eakened by ru s t, caused by the can coming 
in to con tact w ith  salt w a te r  or sa lt spray du ring  
shipment. Experience has indicated  th a t  even salt 
present in the a ir  a t heach  sites makes cans ru s t if 
exposure has been sufficiently long. (R ef. 21.)

W hen perishables are stored in icehouses, the 
various kinds of food should be segregated and 
piled w arehouse fashion, pe rm ittin g  ready access 
to each sort of com m odity. V ertical, stocks m ust be 
firm ly based and should be as nearly  the same 
height as possible, w ith  sufficient space le ft be­
neath  the ceiling to  perm it a ir m ovem ent. P rod­
ucts should be kep t a t least 12 in. from  outside 
walls and a t least 6 in. from  w alls of inside rooms, 
if  any. Carcasses m ust be hu ng  on rails or hooks; 
hams, bacon slabs, sausages, and so on, m ust be 
either hung or stacked on w ire shelves. The more 
delicate commodities should be stored aw ay from  
the door, w here w arm  a ir  does no t readily  pene­
tra te . Kegs or buckets containing brined products 
should be placed on the  floor so th a t  leaking brine 
can be cleaned up m ore easily.

3. ICEHOUSES. In  locations near lakes, rivers, 
and the seacoast, w here ice is readily  available, 
icehouses m ay be used in the conventional m anner. 
Icehouses are commonly b u ilt w ith  double walls 
on the surface or, if  g round  conditions are favo r­
able, underground .

3A 1.08 EQUIPMENT STORAGE

Equipm ent th a t  is d e trim en ta lly  affected by 
condensation should, if  p rac ticab le , be sto red  d u r ­
ing w in te r in unheated  buildings. C erta in  equ ip­
m ent is subject to rap id  ru s tin g  from  condensation 
following exposure to  low  tem p era tu res and in tro ­
duction in to w arm  buildings or space. M aterials 
and equipm ent com ing in co n tac t w ith  salt w a te r  
or salt spray m ay be seriously affected, and even 
the salt present in the  a ir  a t beach sites can cause 
rusting . I f  w arm  sto rage is necessary, small equ ip­
m ent, a f te r  reaching room tem p era tu re , should be 
disassembled and the p a r ts  w iped d ry  and 
thoroughly  cleaned and oiled. This procedure 
should be repeated each tim e th e  equipm ent is 
b rough t from  a cold to  a w arm  tem p era tu re . C or­
rosion of electrical equ ipm ent caused by conden­
sation is p a r tic u la r ly  de trim en ta l. E lectronic 
equipm ent, generating  equipm ent, relay  con tacts, 
switches, spark  p lugs, m agnetos, ignition harnesses, 
and electrical leads are only a few  of the m any 
items of equipm ent th a t  are susceptible to  the  ill 
effects of condensation. S torage of chemicals, s to r­
age batteries, ru b b e r goods, in strum ents, and o ther 
equipm ent involved in operations in the Cold 
Regions is the sub ject of preven tive  m aintenance 
instructions and p recau tions set fo r th  in applicable 
technical m anuals and  publications perta in in g  to  
specific equipm ent. These in struc tion s m ust be 
s tric tly  adhered to . (R ef. 89.)

Section 2. W ORK FEASIBILITY

3À2.0I PRINCIPAL FACTORS

1. CLIM ATIC C O N D IT IO N S. The scheduling 
of operations in the Cold Regions is influenced 
prim arily  by clim atic conditions, p a r ticu la r ly  w ind, 
tem peratu re , p recip ita tion , am ount of day light, 
ceiling, visibility, and ice thickness. A carefu l 
analysis of clim atic conditions to  be expected at 
the area of the proposed site fo r all periods of the 
year is necessary in o rder to m eet operational and 
logistical requirem ents successfully.

a. Wind Chill. The sensation of chilling is 
caused by the cooling of the body su rface  faster 
than  heat can be produced from  w ith in  the body. 
This sensation is no t alone a ttr ib u te d  to  low tem ­
pera tu re  or to  w ind , b u t usually  to  a com bination 
of the tw o. U nder conditions w here the tem pera­

tu res are con tinually  below freezing, the cooling 
or chilling effect of w ind  and low  tem p era tu re  is 
very noticeable and a t  tim es dangerous. Moving 
a ir g rea tly  accelerates, th e  sensation of chill be­
cause body heat is dissipated m ore rap id ly  in the 
w ind. (Ref. 90.)

This effect has been called w ind  chill by P. A. 
Siple, who has proposed a system  he calls the W ind 
Chill Index. This index provides a definite means 
of describing th e  clim atic conditions caused by 
w ind and tem p era tu re  varia tions. In  this system 
each fac to r is obtained by m u ltip ly ing  the tem p era­
tu re  in degrees cen trig rad e  by the  w ind velocity in 
m eters per second. C urves show ing the re la tion ­
ships of the fac to rs  involved are shown in F igure 
3A2-1.
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W IND VELOCITY M /SEC

Uo

FIGURE 3A2-1
W ind Chill Index (Kef. 901

3A2.02 GRAPHIC EVALUATION

1. W O RK FEASIBILITY CH A RT. (Ref. 90.) 
A c h a r t of the  type  illu s tra ted  in F igure 3A2-2, 
developed fo r  th e  P o in t B arrow  area, is an aid in 
ev a lu a tin g  clim atic  fac to rs  fo r determ ining the 
m ost favorab le  m onths in w hich to  conduct field 
operations w ith  effectiveness. Similar charts  can 
be d raw n  fo r all sections of the Cold Regions, p ro ­
vided necessary d a ta  are  available.

The factors of climate and the work involved in

the  mission to  be accomplished, such as tra n sp o rta ­
tion, construction , and w a te r  supply, are shown on 
the c h a rt. In  F eb ruary , fo r example:
D ay ligh t 3 h r  increasing to  9 d u rin g  the

m onth, w ith  an additional 
1^ 2  h r  of tw ilig h t per day 

Ceiling 1,000 f t  or low er 19 percen t of
the  m onth

Visibility 1 mile or less 14 percen t of the
m onth
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T em perature

W ind

W ind chill

P recipitation

A bsolute m axim um  35° F 
Mean m axim um  — 15 ° F 
Mean - 2 0 °  F
Mean m inim um  —25° F 
A bsolute m inim um  — 5 6 ° F
M axim um  recorded 71 m ph 
A verage 10 m ph
D irection  SW 43 percent 

N E  15 percent
V arying from  B, fa ir  for 

trav e lin g , to  E, extrem e for 
operations

4 in. of snow ; tra ce  of ra in
N ew  ice thickness O cean, 40 in. increasing to  50 

R ivers and  lakes, 48 in. in­
creasing to  54

Reviewing these facto rs, i t  is noted th a t  fre ig h t­
ing over ice w ith  tra c to rs  and sleds can be con­
ducted . G round surface  w ill support wheeled 
vehicles, trac to rs , and sleds. Planes can operate 
on skis th ro u g h o u t the area and on wheels from  
prepared strips, b u t th e  num ber of flying hours 
per day is lim ited by ligh t. Shallow lakes and 
rivers are frozen, b u t  w a te r  can be tak en  from  
deeper lakes o r ob tained from  m elting  ice or snow. 
Because of poor visibility  and cold, surveying is 
not recommended. E a rth  w o rk  is no t possible, and 
foundation  w o rk  is accomplished by using ex­
plosives or by th aw in g  m ethods. For outside con­
struc tion , floodlighting is requ ired . F eb ru ary  can 
be used to  repa ir equipm ent in shops and accom­
plish inside construction . A ll equ ipm ent w ill re­
qu ire complete w in te riza tio n , A rc tic  lubrican ts 
and fuels, and heated  inside sto rage; and personnel 
w ill requ ire  adequate  protection .

This same procedure can be follow ed fo r each 
m onth  of the year, o r fo r a longer period, to 
analyze the clim atic and operating  factors.

3A2.03 PRACTICAL CONSIDERATIONS

I t  is o ften  possible, of course, to  accomplish w o rk  
w ithou t excessive cost before o r a f te r  the tim e in ­
dicated by  the feasibility  c h a r t  as th e  m ost fa v o r­
able for the p a r tic u la r  type of w o rk . This m ay be 
because of the y early  varia tion s in freezeup and  
th aw  dates, or, as in the case of tr a c to r  tra n sp o rt, 
measures m ay be tak en  on th e  job th a t  w ill en­
able w ork  to  s ta r t  earlie r o r la te r  in  the season 
th an  is norm al fo r  the  area . F igure 3A 2-2, fo r  
example, indicates th a t  by  Ja n u a ry  15 in  the Poin t 
B arrow  area, r iv e r and ocean ice is norm ally su f­
ficiently th ick  to  p erm it fre ig h tin g  over ice on a 
lim ited basis. A c tu a lly , by D ecem ber 15, rivers 
in the area can be crossed by tra c to rs  w eighing up  
to  30 tons, if  ice bridges are con struc ted  by spread­
ing w a te r on the  ice su rface  and allow ing i t  to  
freeze in 3- to  4-in . layers. Also, a ltho ugh  no t 
indicated by the c h a r t, shallow  th aw  depths along 
the A rctic  coast allow  heavy  tra c to rs  to  operate  
on land th ro u g h o u t the  year. One hu nd red  miles 
in land from  Point B arrow , how ever, th aw  depths 
m ay reach 20 in ., w h ich  alm ost elim inates the pos­
sibility of tra c to r  tra n sp o r t in these areas.

Local conditions, w hich  can no t be reflected on 
feasibility ch arts  th a t  w ere orig inally  developed 
fo r a p a rtic u la r  area , o ften  cause m odification of 
job scheduling. A t P o in t B arrow , a ltho ugh  th ere  is 
little  snow, con stan t w inds keep the a ir  fu ll of 
show, often  reducing  v isib ility  so m uch th a t  tr a n s ­
p o rt equipm ent can  no t tra v e l safely. E arly  snow 
affects tran sp o rt by  slow ing up  freezeback on 
thaw ed ground  and  re ta rd in g  ice form ation  on 
lakes, rivers, and  ocean lagoons. Smooth ice ac­
cum ulates d r if ts  w ith  m ean depths up  to  2 f t ,  
w hich is sufficient to  m ake the  m ovem ent of 
smooth-wheeled vehicles difficult and o ften  im ­
practicable. D rif ted  snow on the  A rc tic  slope gen­
erally  blows in again  w ith in  a few  hours a f te r  be­
ing removed.
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Section 3. LABOR EFFICIENCY

3A3.0I GENERAL

The efficiency of labor on construction projects 
in the Cold Regions varies, as it does elsewhere, 
w ith  the skill and  m ental a ttitu d e  of the workm en 
as w ell as w ith  w o rk in g  conditions on the par­
tic u la r  job. C o n trac to rs  and others w ith  wide ex­
perience in construc tion  w o rk  in Alaska report th a t 
d u rin g  the  m onths of M ay th ro ug h  September labor 
p ro d u c tiv ity  on jobs w ith in  the T errito ry  com­
pares favo rab ly  w ith  th a t  obtained in the U nited 
States. In  m any sections of the in terio r, swarms of 
m osquitoes appear early  in  June, requ iring  w ork­
m en to  w ear headnets and  gloves, w hich cause some 
annoyance; offsetting the  insects, however, is the 
generally  cool w ea ther, w hich promotes greater 
vigor in all individuals.

In  m ost sections of the Cold Regions, the num ber 
o f  skilled w orkm en is com paratively small, and 
m en m ust usually  be im ported for w ork  on the 
la rg e r projects. Sufficient unskilled labor is gen­
erally  available locally in  all except the most re ­
m ote areas.

D u rin g  the w in te r  season, p rod uctiv ity  of labor 
on ou t-o f-door con struc tion  operations is greatly  
reduced because of w ind  chill (par. l a  of 3A2.01) 
and  o ther factors.. T h e  degree of acclim ation of 
th e  w orkm an  and  his adap tab ility  to  cold are ex­
trem ely  im p o rtan t in all classes of labor and, other 
fac to rs  being equal, d irec tly  affect his o u tp u t.

1. N A T IV E  LABOR. N ative  Alaskans, either 
w h ite  o r Eskimo, or m en w ith  five or more years of 
experience in th e  co u n try  are capable of producing 
w ith  h igh efficiency u n d er w in te r conditions. In ­
dians, a ltho ugh  skilled w ith  boats and dog teams, 
generally  have little  enthusiasm  fo r construction 
work* Eskimos have a n a tu ra l instinct fo r w o rk ­
ing  w ith  th e ir  hands and  m ake good equipm ent 
operators, carpen ters, oilers, and mechanics, b u t 
requ ire  close supervision because of th e ir inherent 
tendency to  d isregard  upkeep of tools and equip­
m ent. T heir ab ility  to  w o rk  efficiently in low 
tem p era tu res and  high w inds makes them  pre fe r­
able to  w h ite  men as laborers du ring  w in ter. The 
tuberculosis ra te  is ve ry  high (70 to  90 percent) 
am ong Eskimos, w hich  suggests the advisability 
of ca re fu l screening before hiring . Also, the 
n a tu ra l  preference o f Eskimos fo r seal oil as a food 
o ften  m akes them , as a class, undesirable as mess­
m ates o r b a rrack s  companions.

2. EFFICIENCY OF CRAFTS.
a. Carpenters. Experience has indicated  

th a t  carpen ters, as a c ra f t , w o rk  a t abou t 75 per­
cen t efficiency a t 32° F, 50 percent a t 0° F, and 25 
percen t a t — 30° F. Below this tem p era tu re , 
efficiency drops off rap id ly  to  about —40° F, below 
w hich only em ergency w o rk  should be done. Rea­
sons fo r reduced efficiency are bu lky  gloves, m it­
tens, and o ther clo th ing, occasional tr ip s  to  the 
fire, and an increased sense of caution . Also, 
frozen lum ber w ith  a high m oisture con ten t is 
difficult to  w ork .

b. Electricians. O utside electricians w o rk  a t 
efficiencies betw een 25 and 50 percent of norm al a t 
tem p era tu res below 0° F, depending on the w ind  
velocity. Em ergency w o rk  is often  accomplished by 
tra in ed  crew s a t  tem pera tu res below —50° F, b u t 
line construction  is no t practicab le  from  an eco­
nomic standpo in t a t tem peratu res m uch below 
- 3 0 °  F.

c. Ironworkers. M any s tru c tu ra l  steel 
buildings, bridges, and pipelines have been erected 
in  A laska a t tem p era tu res below —25° F w ith  
reasonable efficiency, b u t th is tem p era tu re  is p rob ­
ably the p racticab le  m inim um  because of the diffi­
c u lty  of s ta r tin g  and m ain ta in ing  compressors and 
o ther construc tion  equipm ent. Personnel whose 
w o rk  is usually  ou t-of-doors a t all seasons are less 
prone to  lay  off or in ten tionally  w o rk  a t reduced 
efficiency d u rin g  cold w ea th er th an  are those whose 
w o rk  takes them  both  indoors and ou t.

d. Equipment Operators. T ra ined  operators 
employed in  housed m achines w o rk  a t  an efficiency 
com parable to  th a t  a tta in ed  d u ring  norm al tem ­
p era tu res. D u rin g  periods of blow ing snow, re ­
s tric ted  visibility  m ay requ ire  th a t  the  m achines 
be shu t dow n. One o r tw o  years of experience in 
operating  and  m ain ta in ing  equipm ent d u rin g  cold 
w ea ther is necessary to  achieve consistently high 
efficiency.

e. Tractor-Train Operators. T ra c to r- tra in  
operators should have from  2 to  4 years experi­
ence in w in te r  operations before being m ade reg u ­
la r  crew  mem bers on cross-coun try  w o rk , because 
the  trav e l tim e of the  en tire  tra in  depends on the  
speed of the slowest tra c to r .

f. Masons and Concrete Workers. Because 
the  n a tu re  of th e ir  em ploym ent requires th a t  they  
w o rk  only w ith in  heated  buildings or enclosures,
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TABLE 3A3-1
Excavation and Backfill, Interior A laska

T y p e  o f w o rk T y p e  o f so il
M e th o d  u sed V o lu m e, cu yd M a n -h o u r s / c u  yd

Excavation Backfill E xcava tion B a c k fill Excava tion Back fill

P ow e r p lant S te a m  thaw ed  s ilt  an d  g ra ve l 
(w e t)

H and shove l Sh ove l an d  ta m p 1,000 200 2.00 1.01

D ive rs io n  d am  a n d  g a te s C o a rse  grave l, m ica  sch ist,  
bedrock , a n d  qu artz  s tr in g e rs

Hand  shove l 
and  b la st in g N one 547 3.62

W ate r tow er H eavy  g ra ve l (p a r t ly  frozen ) Jackham m er,  
hand shove l Sh ove l an d  ta m p 41 25 3.16 0.40

W a re h o u se  No. 1 H e avy  grave l, co a rse  san d , a n d  
s i lt  (p a r t ly  frozen )

Jackham m er,  
hand shove l Sh ove l an d  ta m p 230 150 3.32 1.12

S te a m  lin e s S ilt, san d , an d  g rave l ( fro ze n ) Ste am  th a w in g  
a n d  jack h a m m e r Sh ove l an d  ta m p 660 585 4.55 1.33

S e w e r  m a in s  
a n d  la te ra ls S ilt,  san d , a n d  g rave l Hand shove l Sh ove l a n d  ta m p 900 880 1.94 0.41

G a ra g e  a n d  repair  
sh o p  and  p its L ig h t  sa n d  (so m e  fin e ) Hand shove l Sh ov e l an d  ta m p 300 . 8 2 1.07 0.50

masons and concrete w orkers function  w ith  little  
decrease in efficiency d u rin g  cold w eather.

g. Supervision. W ork  in the Cold Regions 
a t all seasons requires a lert, super vision by m en who 
can lead ra th e r  th an  push. A very  high labor tu rn ­
over can be expected unless applicants are care­
fu lly  screened before h iring . This is p a rticu la rly  
tru e  if the job is in  a rem ote area th a t  lacks the 
usual form s of social activities.

Reference is m ade to  Tables 3A3-1 th rough  
3A3-11, w hich indicate m an-hour perform ance ob­
tained on some typ ical projects in A laska. N o data 
are shown fo r the o u tp u t of pow er equipm ent be­
cause such in fo rm ation  is shown in the catalogs 
of m an u fac tu re rs  and o ther sources.

3A3.02 COST OF LABOR

1. GENERAL. Labor costs v a ry  w ith  the kinds 
of w o rk  involved as well as w ith  the different 
classes of w orkm en needed (skilled or unskilled) 
and w ith  the prevailing  hourly  wages. W ages for 
various classes of labor w ill v a ry  in different lo­
calities and often in the same locality from  season 
to season. Union regulations, and freq uen tly  local 
custom s, require certa in  classes of labor and set the 
wages for certa in  w ork . I t is impossible, therefore, 
to generalize regard ing  the cost of perform ing 
construction  w ork  in the Cold Regions compared 
to  the cost of perform ing  sim ilar w ork in the Tem­
perate  Zone. I t is undoub ted ly  tru e , however,

TABLE 3A3-2
Form  W ork— Assem ble, Erect, Strip, a nd  C lean, 

Fairbanks Area, Alaska

À p p ro x -
im ate
area,

sq u a re s

M a n -h o u r s /1 0 0  sq  ft  
of fo rm  su rfa ce

T yp e  of w o rk A s s e m b le
a n d

erect

S tr ip
an d

clean

A sse m b le ,  
erect, 

strip , an d  
clean

Contracto r A, fo o t in g s S e a so n N o N o
10 to 15a n d  p ie rs a v e ra g e b re a k d o w n b rea k d ow n

C ontracto r A, f loo rs S e a so n N o N o
15 to 20a n d  fla t s la b s  

P ow e r p lan t A,
a ve rag e b re a k d o w n b rea k d ow n

fo o tin gs  a n d  p ie rs 50 11.0 3.0 14.0
P ow e r p lan t A, w a lls 153 9.0 3.0 12.0
P ow e r p lan t A, f lo o rs

an d  fla t s la b s  

P ow e r p lan t A,

95 13.0 3.0 16.0

co lu m n s,
in c lu d in g  c a p s 20 17.0 3.0 20.0

P ow e r p lan t B,
26.0all c la sse s 165 18.0 8.0

W arehouse , foo tings,
10.7piers, an d  w a lls  

C entra l h eating  plant,
15 9.2 1.5

foo tings, w a lls,
2.0 11.8a n d  corn ices  

G a ra ge  an d  repa ir shop ,
45 9.8

fo o tin gs  an d  p ie rs 14 10.2 S e e  note

Office bu ild in g,
foo tings, p ie rs

7.9 1.6 9.5w alls, and  b e a m s 200
Office bu ild in g,  

floors, co lum ns,
i 9-7caps, and  b e a m s 119 8.6 1.1

N o te :  F o rm s be low  su rfa c e  le ft on  p ie rs  to b re a k  bond  in  ca se  of h e a v in g  
g rou n d .
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th a t  in  a ll sections of th e  Cold Regions the cost of 
doing con struc tion  w o rk  is g rea ter th an  fo r sim ilar 
w o rk  in th e  T em perate  Zone. W orkm en m ust 
nearly  alw ays be tran sp o rted  to  such regions, 
w ages are  generally  higher, and in m any cases the 
m en’s subsistence m u st be paid while they are w o rk ­
ing on the  job.

a. Wage Rates. A n analysis of 1952 w age 
ra tes  in  th e  Seattle-T acom a area indicates th a t the 
arith m etica l average of hourly  rates received by 
14 represen ta tive  union bu ild ing c ra fts  w as $2.69. 
In  A laska, fo r  th e  same period and the same c ra fts , 
th e  h o u rly  ra te  averaged  $3.52, 31 percent more 
th a n  th e  average Seattle-Tacom a ra te . The aver­

age firs t-sh ift w orkw eek  fo r the building trades in 
th e  Seattle-Tacom a area  d u ring  1952 was 40 h r, 
or five 8-h r days, w ith  specified rates fo r overtim e 
w hen overtim e w as w orked. In Fairbanks, A laska, 
in  1952 the average firs t-sh ift w orkw eek w as 54 
h r , or six 9 -h r days, w ith  overtim e a t specified ra tes 
over 8 h r  per day  or 40 h r  per week. The w o rk ­
m an in Seattle, receiving the  average base ra te  of 
$2.69 per h r  fo r  the. average w orkw eek of 40 h r, 
earned $107.60. The Fairbanks w orkm an, receiv­
ing the average base ra te  of $3.52 per h r  fo r 40 
h r  and an overtim e ra te  of $5.28 (one and a ha lf  
times the base ra te )  fo r  14 h r, earned $214.72, 
an average o f $3.97 per h r  fo r  the 54 h r. H o u r fo r

TABLE 3A3-3
W ood  Construction, Interior Alaska

M a n -h o u r s

T y p e  o f w o rk U n it Q ty per
M l B n f

per per
op en in g100 

sq  ft

G a ra g e  a n d  re p a ir  sh o p
F ra m in g M f b m 5.5 24.8
S h e a th in g  

Fou r d w e llin g s

M f b m 16.5 13.9

F ra m in g M f b m 37.1 37.7
S h e a th in g M f b m 37.6 20.0
W a llb o a rd sq 204.0 • • • 2.6
R o u gh  f lo o rin g  
F in ish e d  f lo o rin g

M f b m 6.4 17.2

(w id e , in c lu d in g  
s a n d in g ) sq 23.0 4.6

Ex te rio r  f in is h in g  
Exte rio r  m illw o rk

M f b m 10.4 32.9

(d o u b le  d o o rs  a n d  
w in d o w s ) o p e n in g s 56.0 10.5

E x te rio r  m illw o rk
(sc re e n s ) o p e n in g s 56.0 . . . 1.9

W a re h o u se
F ra m in g M f b m 52.9 33.4
S h e a th in g M f b m 30.0 23.8
R o u gh  f lo o rin g M f b m 23.0 11.6

3.4.Exterio r m illw o rk  

Office b u ild in g

o p e n in g s 41.0 . . .

R o u gh  f lo o rin g  
F in ish e d  f lo o rin g

M f b m 9.3 16.5

(n arro w , in c lu d in g  
s a n d in g ) sq 66.0 9.5

Ex te rio r  m illw o rk  
W a llb o a rd  ( in c lu d in g

o p e n in g s 63.0 . . . . . . 2.1

fu r r in g ) sq 185.0 .. . 2.1
S h e a th in g

P e n s to c k s  ( f lu m e s  a n d

M f b m 21.0 20.0

p re s su re  b o x e s )
2,000 lin  ft, 7 to  17 ft  
w id e  x 6  ft  h igh ,
fr a m in g  a n d  d o u b le -p ly  
fir  sh e e t in g  w ith
ta r -so a k e d  in su la t io n M f b m 535.0 32.2

TABLE 3A3-4
Structural Steel Erection, Alaska Area

T yp e  of w o rk U n it Quantity M a n -h o u r s /u n it

A p a rtm e n t  b u ild in g ton s 500 10.01
Office b u ild in g ton s 20 19.5-
P ow er p lant ton s 415 , 26.5-
P ow e r p lant to n s 300 18.5-

Go ld  d red ge
Hull ton s 465 26.8
Su p e rstru c tu re ton s 289 25.0
S ta c k e r to n s 65 42.4
B u ck e ts to n s 137 3.6
R ivets, Vs in. 95,000 145.0
Rivets, Va in. 34,000 153.0

'In c lu d e s  field w e ld ing .  
- In c lu d e s  field riveting.

TABLE 3A3-5
Reinforcing Steel— Bending and P lacing , 

Fairbanks A re a f Alaska

T y p e  o f w o rk

S iz e  of 
b a rs  

(ro u n d ),  
in.

Len gth  
of bars, 

ft

Quantity, 
100 b ars

M a n - h o u r s /  
100 bars

P ow e r p lan t A 3/ s t o l 20 to 30 119 17.6
Pow e r p lan t B Vs to 1 20 to 30 137 18.2
W a re h o u se Vs to 1 20 to 30 118 15.9
Office b u ild in g  A 3/sto3/4 30 17 49.2 '
O ffice b u ild in g  B Vs to Va 30 10 58.4 '

C on tracto r A  (a v g  
o f m a n y  
jo b s  con sid e red  
typ ica l o f a re a ) Vt2 10 to 202 10.66

■ All h an d  b e n d in g  a n d  cutting.
C o n s id e r e d  by  con tractor A  to be o p tim u m  d iam ete r an d  length  for best  
la b o r  perform ance.
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TABLE 3A3-6 TABLE 3A3-8
Concrete M ix ing and  Placing, Fairbanks Area, Concrete  Surface Finishing, Fairbanks Area, 

Alaska  A laska

T yp e  of w ork
A p p ro x im a te  

vo lum e,  
cu yd

M a n -h o u r s / c u  yd

M ix
on ly

P lace
on ly

M ix ,  
place, 

a n d  cure  
(o rd in a ry  
w e ath e r)

M ix ,  
place, 

an d  cure  
(co ld  

w e ath e r)

S e a so n
Contractor A 1 a ve rage 1.0
Contracto r B, S e a so n

central m ix p lan t a ve rage 0.3
Contracto r B 2 22 2.06
Pow er p la n t '*2 1,360 1.9
Pow er p lan t '» 2 341 3.2

Pow er p lan t '»2 1,500 0.9
W ate r tow e r ' 26 4.8
Centra l heating

p la n t '*2»4 95 3.5
M a n h o le s ' 17 4.9
M a n h o le s ' 30 4.1

M a n h o le s ' 120 1.7
W a re h o u se ' 105 3.3
W ell H o u se ' 11 3.4
G arage  and  repair

s h o p '* 2 v 40 1.9
Office b u ild in g ' 46 3.35

Office b u ild in g 3*4 206 3.44
Office b u ild in g 3*4 124 3.90

'F ootin gs, piers, and  th ick  w alls. 
2F loors and  slabs.
C o lu m n s ,  beam s, a n d  th in  w alls.  
4Cornices.
6D o e s not inc lude  cu ring.

T yp e  of w o rk
(h a n d  too ls on ly, tro w e l f in is h )

A re a  invo lved ,  
sq u a re s  o f 

100 sq  ft

M a n -h o u r s /  
100 sq  ft

C on tractor A, floo r s la b s  
C ontractor B, floor s la b s  
Pow er p lant  
Centra l heating  p lan t  
G arage  bu ild in g

S e a so n  total 
S e a so n  total 

125 
10 
3

1.2 a v g  
1.4 a v g  

2.4 
3.2 
2.0

TABLE 3A3-9
Test Well Drilling, Fairbanks Area, A laska

Item
M a n - h o u r s / f t C o st  in percent  

of total

6 -in . 18-in. 6 -in . 18-in.

S u p e rv is io n  a n d  e n g in e e r in g 1.35 2.62
D r illin g  labor 1.85 7.90 23.99 27.00
M e s s 4.91 5.31
C a m p 0.63 0.65
M a te r ia ls  and  s u p p l ie s 2 54.91 45.71

Fuel for cam p 2.74 4.27
M a in ten an ce  and  rep a irs 3.94 5.04
T ran sp o rta tio n 7.53 9.40

Total 100.003 100.003

'A v e ra g e  experience  fo r  th irty -five  6 -in . w e lls  (a v e ra g e  depth  200 ft)  an d  
eigh t 18-in. w e lls  (a v e ra g e  d epth  225 ft), 

in c lu d e s  casing.
36-in. c a s in g  is  recoverable. It s  co st  a m o u n ts  to 40.7 pe rcen t of th is  total.

TABLE 3A3-10
Pile Driving, In terio r A laska

TABLE 3A3-7
C oncrete  Block Laying, Fairbanks Area, 

Alaska

T yp e  of w o rk Q uantity, 100 b lock s M a n -h o u r s /1 0 0  b locks

W a re h o u se ' 11.8 26.0
Centra l heating  p la n t1 20.0 22.0
Office b u ild in g  A ' 40.5 15.2
Office b u ild in g  B '  
Pow er p la n t2

25.6 12.0
11.8 38.4

'S u p e rstru c tu re  w ith  m a n y  o p en in g s.  
P a r t it io n  w ith m a n y  op en in g s.

T yp e  of w ork U n it Q u a n ­
tity

W oo d
piling,

m a n -h o u r s /
un it

S h e e t
p ilin g ,1

m a n -h o u r s /
un it

3 -p ile
b e n ts2

m a n -h o u r s /
unit

W in g  d am  an d  
sp illw a y  seal 

D ive rs ion  dam ,  
w eir a nd  apron  

S u p p o rts  for 
steel s ip h o n s

100 
sq  ft

l in f t

bent

116

2,000

1,130

0.36

29.5

15.6

'In te r lo c k in g  steel.
in c lu d e s  labor fo r  c a p p in g .  T h a w in g  la b o r  is  not inc luded. Penetration  
of p ile s va r ie s from  6 to 10 ft. F igu re  3 A 3 -3  sh o w s  typ ica l p ile  b en ts  
in c lu d in g  capp ing.
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h o u r, therefo re , on th e  basis of the custom ary 
w orkw eeks in  the  respective areas, the Fairbanks 
w o rk m an  received approxim ately 48 percent more 
th an  th e  Seattle w orkm an. O f the  increase, 31 p e r­
cen t is due to  the stra ig h t-tim e ra te  differential, 
and  17 percen t is th e  resu lt of overtim e pay.

b. W orkw eek . In  rem ote areas, when con­
s tru c tio n  ac tiv ity  is g rea t and the season short, 
m any bu ild ing  con trac to rs  believe th a t  a long 
w o rkw eek  is a necessity. In  such areas a s tan dard  
w orkw eek , such as th e  54-hour week in the F a ir­
banks area agreed to  by a m ajo rity  of the building 
co n trac to rs , m inim izes raid ing of w orkm en, w ho 
w ill, in  general, p re fe r  to  w o rk  on those jobs on

w hich they can accum ulate  the g reatest num ber of 
overtim e hours d u rin g  the construction  season. I t  
is probable, how ever, th a t  m any employers could 
m eet th e ir  construction  schedules and benefit eco­
nom ically by a 40 rh ou r week if  they could re ta in  
th e ir  men. In  isolated areas, w here com petition for 
men is no t an im p o rtan t fac to r, the respective ad ­
vantages of a long w orkw eek, involving overtim e 
pay, and a sho rter w orkw eek , w hich m ay requ ire  a 
g rea te r  num ber o f m en, should be evaluated . Con­
sideration should be given to  the cost of tra n s ­
p o rting  such men to  and from  the job as w ell as 
th e ir  subsistence and  o ther requirem ents incidental 
to  th e ir  em ploym ent.

TABLE 3A3-11
M iscellaneous Labor Perform ance, Fairbanks A re a , Alaska

T y p e  of w o rk Unit Q uantity
Co rrugated

sid ing,
m a n -h o u rs /u n it

Roofing, m a n -h o u r s /u n it Painting,
m a n -h o u r s /u n it

S ta n d in g  se am C o rru ga ted C o m p osit ion In t Ext

G a ra ge  an d  repa ir sh o p
C o rru g a te d  s id in g S q u a re s 22 2.7
Exte rior p a in t in g S q u a re s 58 3.5 (tw o  coa ts)

Four d w e llin g s
E x te rio r  p a in t in g S q u a re s 520 ... 1.0
In te r io r  p a in t in g S q u a re s 160 22

Office b u ild in g  A
Roofing, c o m p  3 -p ly , 4 -coa t S q u a re s 36 3.9

Office b u ild in g  B
Roofing, m etal, s ta n d in g  se a m S q u a re s 36 6 .1 ‘
R o o f f la sh in g  an d  trim 100 lin ft 10

C e n tra l h e a tin g  p lan t
Roofing , m etal, s ta n d in g  se am S q u a re s 85 5.9 ’
P la s te r in g S q  yd 134
Exte rio r  p a in t in g S q u a re s 28 0.7
In te r io r  p a in t in g S q u a re s 39 L(j

W a re h o u se  A
C o rru g a te d  s id in g S q u a re s 60 5.0
Roofing, m etal, s ta n d in g  se a m S q u a re s 85 5.7*
R o o f f la sh in g  an d  trim 100 lin ft 11
Exte rio r  p a in t in g S q u a re s 129 3.5 (tw o  coa ts)

W a re h o u se  B
C o rru g a te d  s id in g S q u a re s 17 4.1
C o rru g a te d  roo fing S q u a re s 19 3.6

P ow er p lan t
In te r io r  p a in t in g S q u a re s 390 1.8

’M e ta l sheets, 14 x 20 in.
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PART B. TRANSPORTATION OF CONSTRUCTION MATERIALS

Section I. WATER TRANSPORTATION

•3BI.0I GENERAL

Ships are usually  necessary to tran sp o rt supplies 
to large operations in the  Cold Regions. A lthough 
thousands of tons of supplies have been moved in 
these regions by a ir  and  by tra c to r  tra in , i t  is ob­
vious th a t  the nearer to  the site of operations th a t 
ships can bring bu lk  cargoes and heavy construc­
tion equipm ent the m ore efficient w ill be the  em­
ploym ent of men and m achines. (R ef. 21.)

T here are few  sheltered anchorages on Polar 
coastlines, and supply ships m ust anchor offshore. 
Supplies are then  unloaded in to  sm aller c ra ft, 
w hich tran sp o rt them  to  the beach. Because of the 
un ce rta in ty  of w ea ther and ice conditions, un load­
ing m ust be planned fo r accom plishm ent in a m ini­
m um  time consistent w ith  safe ty  to  personnel and 
m aterials. There is alw ays the a tte n d a n t th re a t of 
pack ice m oving in to  the  shoreline to  endanger 
ships and term inate  th e  supply operations. A t 
points along A rctic  coasts, ice-laden w a te r  perm its 
ship discharge operations fo r periods of 3 to  5 
weeks only d u rin g  the sum m er season, w ith  nav i­
gation often closed as m uch as 50 percen t of this 
time because of w ea ther or ice conditions. W here 
docking facilities are no t available, amphibious 
techniques are used, and w ork  is accomplished in 
accordance w ith  a previously devised unloading 
plan th a t  perm its sim ultaneous w o rk ing  of all the 
ship’s hatches d u rin g  the 24 h r  of day ligh t on a 
6 -hr w atch -an d -w atch  system. I f  beach facilities 
do no t perm it sim ultaneous unloading of all ships 
in a convoy, ships are requ ired  to  tie up  to  w ait 
th e ir tu rn  outside th e  ice-covered w aters. Ade­
qu ate  and safe m ooring facilities are requ ired  in 
these cases or w hen i t  is necessary to  w a it for 
favorable w ea ther or ice conditions. Ships in Polar 
w aters are usually  no t allow ed to  proceed to  the 
cargo-unloading area unless cargo can be imme­
diately moved to  the beach and th e  ship released. 
Amphibious un loading operations in  W orld  W ar II 
showed longer tu rn a ro u n d  tim e a t th e  beach th an

for loading barges or loading c r a f t  a t ship’s side. 
(Ref. 21.)

Single ships can nav ig a te  P olar w ate rs  if  g rea t 
care is taken , b u t icebreakers and  the  convoy sys­
tem are preferable.

1. CARGO DISCHA RG E. R ate  of discharge of 
cargo is governed by the  un load ing  capacity  of 
the beach cargo-handling  equipm ent. O rderin g  
ships in to  the cargo-un loading  area  by echelon ex­
poses few er ships to  possible co n tac t w ith  ice floes 
and shortens the tim e in  w hich  each ship is w ith in  
the fo rw ard  un loading area , th u s  increasing m an­
power efficiency in  bo th  ship and  beach w o rk in g  
details. (Ref. 21.)

2. M OORING. Supply ships and  th e ir  p ro te c t­
ing vessels m ust be m oored in open roadsteads in  a 
m anner th a t  reduces th e ir  sw inging rad ius and 
provides fo r a qu ick  g e taw ay  in  case of em ergency. 
These conditions u su a lly  req u ire  some type of 
mooring o ther th an  th e  ship’s ow n m ooring tack le . 
Because of m eager p as t experience w ith  m oorings 
in the Polar Regions, th e  basic principles of m ooring 
in the Tem perate Zone are generally  used, w ith  
such modifications as increasing experience in P o lar 
w aters indicates are advisable. T he chapters cited  
in Ref. 21 contain a com prehensive discussion on 
moorings.

3. LIG HTERA GE EQ U IPM EN T. Small c ra f t , 
such as the N av y  LCM -3, LCVP, LVT-3C, and  
LVT-5, and the A rm y D U K W  and  M29C, supple­
m ented by ice skiffs, m otor launches, pontoon 
barges, m otor w haleboats, and  su rfboats, are  
very successful in  P o lar beachhead supply opera­
tions. (See Table 3B1-1.) These c r a f t  should be 
w interized  before use and , because of hazards from  
unfavorab le  w ind  and  ice m ovem ents, should be 
m anned only by experienced and  dependable crew s 
who are fam iliar w ith  the equ ipm en t’s capabilities 
and lim itations. S h a llo w -d ra ft barge  tra n sp o r ta ­
tion along Polar coasts is possible only d u rin g  
periods of favorab le  w ind  and  ice.
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LST N avy c ra f t  have proved very  successful 
in m aking beach landings a t  several points on the 
no rthw est and no rtheast A rc tic  coasts. These ships 
are most sa tisfac to ry  fo r handling A rctic  cargo, 
b u t the ir th in  skin makes them  extrem ely vu ln er­
able to  ice dam age. The advan tage  of the LST is

Section 2. SURFACE

3B2.0I HIGHWAYS
1 In  m any sections of the Cold Regions there  are 
no year-around  roads because m aterials w ith  w hich 
to  build them  are  no t available. Y ear-around  roads 
are confined to  Subpolar areas th a t  m ay or may 
no t provide fo r tran sp o rta tio n  d u rin g  w in te r, de­
pending on the am ount of traffic over them. 
W heeled vehicles are no t p rac tica l in sum m er in 
tu n d ra  areas except in the im m ediate v icin ity  of 
the cam p, w here roads fo r tru c k s  and other wheeled 
equipm ent m ay be m aintained. Recent tests have 
indicated th a t  trafficable snow surfaces suitable for 
heavy-w heeled vehicles can be produced. H ow ever, 
extensive traffic testing  of com pacted snow su r­
faces and evaluation  of com pacting techniques and 
equipm ent in areas of bo th  shallow and deep na­
tu ra l  snow cover is necessary before the feasibility 
of extensive construc tion  of snow roads can be 
established. (See also Sections 2C2 and 3D2.)

3B2.02 TRACTOR TRAINS
T rac to r tra in s  operating  in  w in te r  have proved 

to  be the m ost sa tisfac to ry  and cheapest overland 
tran sp o rta tio n  m ethod dn the A rc tic  slope. Lack of 
tim ber, early  freezeup, and th ick  ice m ake ideal 
conditions. T ra in s m ust be organized and equipped 
to  be com pletely self-sustain ing fo r as long as tw o 
weeks and fo r distances up  to  400 miles. O pera­
tions require th a t  the  heaviest types of trac to rs  
and sleds be u tilized  and all equipm ent be kep t in 
the finest operating  condition possible. A m echani­
cal breakdow n of any u n it on the tr a il  can delay 
the entire  tra in .

W inter fre ig h tin g  norm ally  s ta r ts  as soon as ice 
is th ick  enough fo r equipm ent to  cross (Section 
3A 2); 24 to  30 inches of ice is considered a safe 
thickness fo r r iv e r  crossings by 30-ton trac to rs . 
(See Table 2A 4-5.) Ocean ice should be 30 to  36 
inches th ick  fo r such equipm ent. A ny thickness is 
unsafe if  the un derly ing  w a te r  does no t fu lly  
support the ice sheet. W ate r levels in rivers some-

the bow opening so th a t  cargo  can be delivered 
r ig h t on shore. P resen t m arine law s do no t allow  
these ships to  be used fo r com m ercial cargo unless 
bow doors are sealed, w hich  elim inates one of th e ir  
greatest advantages. This lim ita tion  applies, how ­
ever, to  com m ercial cargo only.

TRANSPORTATION

times recede a f te r  the  ice has ob tained considerable 
thickness, leaving suspended gaps near th e  riv e r- 
banks th a t  are u n sup ported  by th e  w a te r  beneath . 
Ice bridges (p ar. 2E2.01) are  o ften  necessary a t 
r ive r crossings. In  trav e rs in g  ice, care m ust be 
taken  to avoid tension cracks.

In  N aval P etro leum  Reserve (N P R -4 ) opera­
tions in n o rthern  A laska d u rin g  the w in te r  of 1950- 
1951, fo u r t r a c to r  tra in s  hau led  3,700,000 ton- 
miles a t a cost of 30 to  35 cents per ton-m ile. 
H au ling  costs a re  low er on ice tra ils  b u t qu ite  high 
in m ountainous te rra in .

1. TRA IL STA K IN G . R outes to  be follow ed 
by the tra in s m u st be laid  o u t and  ca re fu lly  staked 
prio r to  the a c tu a l fre ig h tin g  operation. S tak ing 
m ust be perform ed by experienced persons to  avoid 
bad ice, rough  te r ra in , and  adverse grades and to  
pick the shortest rou tes. T ra ils  are staked  over ice 
and m arsh w h erev er possible. T ra in  tra v e l is 
roughly fo u r tim es as fa s t over such te r ra in  as over 
rough, ice-hum m ocked areas; distance, th erefo re , 
can be sacrificed fo r level g ro u n d  conditions. The' 
general rou te  is m ark ed  by dropping  from  an a ir ­
plane w eighted flag stakes whose color con trasts  
w ith  the su rround ings. T he stakes ac t as a guide 
to  the tra il-s tak in g  crew , w h ich  la te r  comes along 
w ith  a com pletely self-sufficient ou tfit and  ligh t 
equipm ent to  stake th e  final ro u te  w ith  flags a t 
quarter-m ile  in terva ls .

The lack of d iscern ib ility  in the  A rc tic  d u rin g  
tw iligh t in J a n u a ry  and  F eb ru a ry  adds g rea tly  to  
the difficulty of th is operation . D iscern ib ility  is 
used here to  express th e  in ab ility  of the  eye to  see 
objects because of the  lack  of co n tras t. T he com ­
bination of a m ilky  overcast and  snow of th e  same 
color makes i t  impossible a t  tim es to discern the 
te rra in  or even to  see sn o w d rifts  6 inches high u n ­
derfoot. This condition can arise w hen visibility  
of a black ob ject m ig h t be un lim ited .

T w o-w ay rad io  equ ipm en t is requ ired  fo r each 
operating  u n it. T ra il-s ta k in g  crew s req u ire  the 
best compass availab le. N o compass y e t devised
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is en tire ly  sa tisfac to ry  because of the low hori­
zon ta l com ponent of the e a r th ’s m agnetic field and 
th e  roug h  usage inheren t in the operation of 
vehicles over th e  A rc tic  te rra in . The best compass 
developed to  da te  is the Sperry gyrosyn un it, fo l­
low ed, in o rder of preference, by the m agnesyn 
type and finally  the reg u la r  m agnetic needle type. 
W ind direction  and  sno w d rift p a tte rn  are used ex­
tensively fo r nav igation  by A rctic  tra il-s tak in g  
crew s.

a. T rail-Scouting Equipment. On the N PR - 
4 operations, conventional tra il-scou ting  equip­
m ent consisted of R4D (C-47, D C -3) and N orse­
m an a irc ra f t  and tw o  LVT-M29C combinations. 
A sm all h a tch  placed in the cargo door of the R4D 
perm itted  th is plane to  be easily used fo r m uch of 
the  tra il-s ta k in g  w o rk ; its advantages over the 
sm aller c r a f t  (N orsem an) include g rea ter range, 
ca rry in g  capacity , and personnel com fort.

The scou ting  force in these operations consisted 
of tw o 3-m an crew s. E quipm ent m akeup of each 
of the  crew s w as as follows.

( 1 ) One each tra il-ty p e  LVT, completely 
enclosed, con ta in ing  compass, cooking and sleeping 
gear, hand  tools and  miscellaneous spare parts , ap­
prox im ately  800 gallons of gasoline, 60 m an-days 
food supply, and  enough tra il  flags to  stake 50 to  
300 miles.

(2 ) One each tra il-ty p e  weasel w ith  
e x tra la rg e  plyw ood cab, ou tfitted  w ith  gyro com­
pass and  repea te r and  5 0 -w a tt radio tran sm itte r  
and  receiver.

By these parties , 1,284 miles of tra il w ere staked 
betw een h ead q u arte rs  and various field locations 
betw een m id-D ecem ber 1950 and 10 May 1951.

All m achines w ere, of course, completely w in ­
terized  fo r operations in subzero w eather and 
equipped w ith  escape hatches in the roofs of the 
cabs.

G round  s tak in g  has been accomplished by tw o  
men in an  M 29C p u lling  an  M-19 tra ile r  loaded 
w ith  au x ilia ry  gasoline. The weasel was w in terized  
w ith  a w indproof, insu la ted  plywood cab fitted  
w ith  w indow s. Com plete tra il  equipm ent and fu r  
clo th ing w as ca rried .

In  tr a il  scou ting  i t  is usually  necessary to nav i­
gate the  course by follow ing compass traverse  of 
d irection  and  distance conform ing to  those p re ­
viously laid  o u t on m aps and previously staked 
from  th e  a ir. Also, i t  is usually  advantageous to  
cease w o rk  d u rin g  tw ilig h t b u t to  w ork  a t n igh t

by spotlights and  floodlights w hen i t  is easier to  
ou tline the tra il  by the ligh t con trast.

The personnel com prising the scouting p a r ty  are 
forced to  live un der the most rugged  conditions, 
and men fo r this w o rk  m ust be ca re fu lly  chosen 
fo r th e ir  ab ility  to  live in the open un der A rctic  
conditions. They m ust also have a good know ledge 
of the co u n try  to  be traversed .

2. F R E IG H T IN G  EQUIPM ENT. T he best 
tra c to rs  found  to  da te  are Class V c raw ler tra c to rs  
equipped w ith  all s tan d ard  w in te r equipm ent and 
a specially heated  cab constructed  fo r m axim um  
visibility  and housing of all controls. Escape 
hatches are provided in the  roof of each cab. T ow ­
ing winches are s tan d ard  on all un its. Belly hooks, 
rad ia to r  guards, and rad ia to r  covers are utilized . 
The lead tra c to r  of each tra in  is equipped w ith  
a V -type snowplow. O ther un its have angle dozer 
blades, s tra ig h t blades, or no grading a ttachm ents, 
as required . P erfo ra ted  grouser shoes w ith  ice 
lugs of n arro w  w id th  provide m axim um  pen e tra ­
tion  on frozen surfaces. Sprockets are the s tan d ard  
snow type, and skid blocks are inserted in place of 
top idlers to  sup po rt th e  tracks. C able-operated 
snowplows and dozer blades are p referred  by some 
operators to  th e  hy d rau lic  type because experience 
has indicated  th a t  they  requ ire  less m aintenance 
and give m ore tro u b le -free  operation. The best 
operation has resu lted  w hen trac to rs  are kep t 
ru n n in g  24 hours a day to  m ain tain  the hea t and 
w hen usual w in te r  lu b rican ts  are used. One tire  
com pany has developed a special low -tem pera tu re  
hose fo r tra c to r- tra in  operations. O rd in ary  fueling  
hose is useless because i t  breaks w hen flexed a t 
tem pera tu res below —35° F. T ra c to r  tra in s  have 
operated on the  A rc tic  slope a t —65° F w ith o u t 
difficulty. B reakage of draw chains and highly 
stressed steel p a r ts  increases below —30° F and be­
comes a problem  a t  —65° F.

Storm  conditions, encountered  an average of 
th ree  times each w in te r  in  n o rthern  A laska, shu t 
dow n the tr a c to r  tra in s  fo r a period of one to  fo u r 
days because flying snow reduces visibility to  zero 
and tra c to r  d rivers can no t see to  operate. These 
and lesser storm s m ake i t  im perative th a t  several 
tra c to rs  w ith  th e ir  loads operate to gether as a 
u n it, w ith  com plete messing, sleeping, and  repair 
facilities w ith  them  a t  all times. The balance be­
tw een this fac ility  requirem ent and the unw ieldy 
operation of too m any tra c to rs  has resu lted  in 
tra in s  being stan dard ized  a t  6 trac to rs , 5 of w hich
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pu ll 3 to  4 sleds loaded w ith  15 to  30 tons each, 
depending on tra il  conditions. The lead tra c to r  
plows the tra il and pulls the cookhouse, sleeping 
w anigan, and repair w an igan , w hich is equipped 
w ith  ligh tp lan t, electric refueling  pum p, electric 
w elder, gas w elding equipm ent, handtools, spare 
rigg ing , and spare lu b rican ts  fo r each tra c to r .

The No. 9 M ichler sled, modified to  elim inate 
the high center of g rav ity  and the in stab ility  in­
heren t in the orig inal design, is the s tan d ard  h au l­
ing ou tfit. A short go-devil type of sled is used to 
tran sp o rt certa in  concentra ted  loads such as d ra g ­
lines, cranes, and o ther heavy un its  difficult to 
load on the higher sleds. Each tra c to r  opera to r per­
form s his own oiling and greasing. Grease guns 
are carried  in the tra c to r  cabs to m ain ta in  fluidity  
of grease. The tra in  is supervised by the tra in  fore­
m an, who uses an M29C fo r scouting ahead of the 
tra in  and for inspecting tra in  equipm ent. H eavier 
loads m ay be pulled d u rin g  the early  spring as tem ­
pera tu res m oderate. The coefficient of fric tio n  of 
snow varies g rea tly  w ith  tem p era tu re . A pproxi­
m ately one-sixth of the tra c tiv e  effort requ ired  to 
pu ll a load a t —50 to —60° F is requ ired  a t 20° F. 
T rains usually  are operated on a basis of 15 hours 
per day. Refueling, lu b rica ting , and so on is done 
du ring  stops a t noon and evening m ealtim e. A 
typical tra in  s ta r ts  a t 6:30 a.m ., and shu ts down 
a t 9:30 p.m .; tra c to rs  then idle w hile the crew  
sleeps. Using drivers on shifts, fo r continuous 
traveling , has been found  im practical because 
crews do not get proper rest in w anigans traveling  
over the usual A rctic  te rra in . A m an can stand 
such conditions fo r abo u t one week only.

a. Typical Train Composition. The basic 
components of a typical tractor train (four trains 
operated) in the NPR-4 1950-1951 operations 
were as follows.

(1 ) One each weasel ( tra in  forem an) 
equipped w ith  plyw ood cab and gyro compass.

( 2 ) One each Class IV tra c to r  equipped 
w ith  Balderson cable-operated snowplow and H y- 
ste r tow ing w inch.

(3) F our each bald-faced  D-8 trac to rs  
equipped w ith  H y ster tow ing  winches.

(4 ) One each D-8 tra c to r  equipped 
w ith  Le T ou rn eau  cable dozer and H y ste r tow ing 
w inch.

(5 ) One 10- x  2 4 -ft tra il- ty p e  sleeper 
w anigan m ounted on No. 9 M ichler fre igh ting

sled, containing 5 0 -w a tt radio  tra n sm itte r  and 
receiver.

(6 ) One 8- x  2 4 -f t tra il- ty p e  galley 
m ounted on M ichler N o. 9 sled.

(7) One 8- x  1 2 -ft tra il- ty p e  shop 
m ounted on M ichler go-devil, con tain ing a H o b a rt 
300-am p gasoline engine w elder, a W itte  8 -kw  1 1 0 / 
220-v 3-phase 60-cycle diesel-electric gen era to r 
set, a H erm an-N elson h ea te r, a 2-hp electric cen­
tr ifu g a l tra in  fuel pum p, and  m iscellaneous tools, 
spare parts , and equipm ent.

(8 ) One fuel ta n k e r  (4 each T -6  pon­
toons m ounted on M ichler N o. 9 sled ).

(9 ) One each 8- x  1 2 -ft M ichler go-
devil.

(10) T h irteen  each M ichler N o. 9, 8- x  
24 -ft flat-bed cargo sleds.

(11) T w o each M ichler N o. 9, 8- x  3 6 -ft 
flat-bed cargo sleds.

(12) One each M ichler N o. 9, 8- x  2 4 -ft 
boxed flat-bed cargo sled.

(13) One each 18- x  3 6 -ft tr a i l  d rag .
b. Personnel. F ou r com plete tra in  crew s of 

9 men each w ere em ployed d u rin g  the fre ig h tin g  
season; only personnel hav in g  p rio r  experience in 
w in te r equipm ent operation  in N P R -4  w ere used. 
Personnel m akeup of a ty p ica l tr a in  crew  w as as 
follows.

(1) One each forem an
(2) Six each skinners
(3) One each h eav y -d u ty  m echanic
(4) One each cook

c. Lubricating Oil, Fuel, and Antifreeze. 
Reference should be m ade to  p ar. 4A 3.03 fo r MIL- 
STD and list of N av y  Stock num bers of m aterials 
prescribed fo r servicing con struc tion  equipm ent 
and autom otive vehicles fo r  operation  a t low am ­
bient tem p era tu re .
3B2.03 LIGHT SURFACE TRANSPORTATION

1. DOG TEAMS. The dog team  has long been 
used for A rctic  tran sp o rta tio n . For m any years, 
tran sp o rta tio n  w as req u ired  fo r only ligh t loads 
and personnel w ith  tim e availab le fo r slow m ove­
m ent. The dog team  adm irab ly  filled this need. To 
m ain tain  the dogs, a food supply w as readily  
available in the fish th a t  abound in  all n o rth e rn  
stream s. D og-team  tra n sp o rta tio n  is lim ited in 
force and speed by its effective w o rk in g  rad iu s 
from  a food supply. R are ly  could  m uch payload 
be carried  if the  d istance betw een food caches ex-
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ceeded 100 miles. O n the w ell-broken trails as 
m uch as 100 pounds per dog can be transported  on 
the  sled; in A laska, u n d e r methods developed by 
Europeans, the team  norm ally used 9 to  13 dogs 
per team . I f  the  tra ils  w ere not well traveled, the 
slow, laborious w o rk  of breaking the tra il by the 
d riv e r on snowshoes ahead of the dogs made 10 
miles of tra v e l a h a rd  d ay ’s w ork. This facto r is 
no t so im p o rtan t on th e  no rthern  Alaska slope be­
cause th e  snow usually  blows in to  a hard  surface. 
T he fish supply fo r th e  dogs is usually  caught in 
the  rivers d u rin g  sum m er and dried and stored for 
w in te r. Inab ility  to  ob tain  dried fish a t  some loca­
tions w hen needed o ften  precludes w ork ing  in cer­
ta in  areas.

2. M ECH A N ICA L VEHICLES. To overcome 
the  lim itations of the  dog team , m echanical vehicles 
w ere in trodu ced  sho rtly  before the airplane, m ak­
ing it  possible to  hau l g rea te r loads for longer dis­
tances w ith o u t depending on an un certa in  food 
supply. The m achines generally consisted of an 
autom obile-type engine in  a chassis m ounted on 
skis a t  the  f ro n t end and  propelled by a track  drive

a t the rear. These m achines have been im proved 
to  the present snowmobile, w hich operates w ith  
good efficiency and fa ir  reliability.

Because the snowmobiles w ere restricted  in 
operation to w in te r, and because they lacked the 
amphibious qualities necessary fo r sum m er opera­
tions, w hen the frozen lakes, rivers, and swamps 
tu rn  in to m ud and w a te r, the M29C was in tro ­
duced by the N av y  in  n o rthern  A laska in 1944 
(F igure 3B 2-1). W ith  this machine it  has been 
possible to  tran sp o rt personnel and ligh t loads 
th ro u g h o u t the year, and  it  m ay be said th a t  w ith ­
o u t it  large-scale exploration  could not be carried  
ou t. The weasel tran sp o rts  personnel and loads up 
to  1,500 lb. In  w in te r  a ski-equipped tra ile r  may 
be added behind and an additional 1,000 lb tow ed 
successfully if favorab le snow conditions exist. 
Fuel consum ption averages approxim ately 2 to  4 
miles per gallon a t  speeds of 5 to  10 mph. The 
w ork ing  radius is 60 to  100 miles, w hich has been 
extended to  400 miles d u rin g  w in te r by carry ing  
additional fuel in the weasel and the tow ed tra ile r. 
This p ractice, how ever, resu lts in p ractically  no

FIGURE 3B2-1
M29C Personnel and  Cargo Carrier, W interized  17951 standardized version with enclosed cab, 

personnel heater, engine preheater and fuel primer, and  reinforced wide tracksl
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useful payload, and the net accomplishment is 
only the tran sp o rta tio n  of the d river and one pas­
senger. A w ar p ro d u c t, the weasel has m any in­
heren t weaknesses and a short operating life. T rack  
life varies from  800 to 1,500 miles per set. Bogie 
wheels, sprockets, and idlers w ear ou t in approxi­
m ately 500 miles. Complete m otor overhauling 
is required  a t 1,000- to 1,500-mile in tervals, and 
transmissions last fo r only 200 to 500 miles. The 
hull itself generally fails from  fa tigue  cracks any 
time a fte r  3,000 miles. C arefu l operation and 
slower speed raise these lim itations som ewhat, bu t 
a definite need exists for a com parable vehicle of 
g rea ter dependability.

To obtain an am phibious vehicle to tran sp o rt 
g rea te r loads, the N av y  am phibious forces’ landing 
vehicle tracked  (LV T) was tried  ou t and found 
superior for some types of w ork . The LVT can 
tran sp o rt 5,000 lb over land or w a te r  and has a 
fuel consum ption of V2 to 1 mile per gallon and a 
w ork ing  range from  70 to 140 miles. By the addi­
tion of aux iliary  fuel tanks, this radius can be 
extended to 300 miles. The vehicle weighs approxi­
m ately 36,000 lb. Like the weasel, b u t to a some­
w h at g rea ter ex ten t, it  can become stuck  in m ud 
of certa in  viscosities and depths and also in deep 
snow du ring  early  w in te r before the snow has 
been packed in to  h a rd  d rifts . I t  is a ponderous 
vehicle to e x tra c t from  a m udhole or snow drift,

Section 3. AERIAL

3B3.0I GENERAL
A irc ra ft m ust be relied on as the sole means of 

tran sp o rt in some rem ote areas. All sizes of planes 
are used for such w o rk , and each type has a specific 
usefulness for ce rta in  jobs. W here large tonnages 
of fre ig h t are to be handled, economy dictates th a t 
large a irc ra f t be used, w hich, w ith  present planes, 
requires a landing s trip  w ith  a m inim um  length of
5,000 feet. S trips fo r year-a ro und  use m ust be 
located w here there  is sufficient gravel fo r their 
construction  (Section 2C 2). Suitable w in te r a ir­
strips can be con struc ted  on the la rger lakes (Sec­
tion 3F1) or on fields m ade of com pacted snow 
(Section 3D 1). M edium -w eight and sm all-w eight 
planes use skis in w in te r and m ay be loaded, if 
necessary, w ith o u t field p repara tion  in nearly  any 
area. D u ring  sum m er, bush-type planes are often 
equipped w ith  pontoons, w hich enable them  to

b u t in spite of these d raw backs i t  has perform ed 
du ring  all m onths of the year if  the g rou nd  over 
which it operated has been ca re fu lly  chosen.

Mechanically, the LVT is m uch more d u rab ly  
constructed  th an  the weasel, b u t the gasoline en­
gines do not stand  up to continuous w ork ing  w ith  
fu ll loads. The tra c k  is adm irab ly  su ited  for 
frozen ground, ligh t snow, and w a te r  operations. 
I t  is well suited fo r deep m ud and soft snow. The 
hull and transm ission system are adequate, b u t 
the universal joints are in heren tly  w eak and fa ilu re  
is common. T ra c k  and bogie-wheel life varies 
widely w ith  g round  su rface  conditions. The av e r­
age life of track s  th us fa r  has been 3,000 miles; 
bogie wheels last abou t 1,000 miles. The basic 
LVT is easily modified to include a suitable cab to 
cover the com plete vehicle and add itional gas 
tanks. The la rger in te rio r gives room for co n stru c­
tion of bunks and o ther u tili ty  facilities fo r housing 
and adequate space fo r hau ling  bu lk y  fre ig h t. 
This construction  requires additional v en tila to r  
systems. Odom eters m ust be installed for accu ra te  
nav igating . Because there  are no overn igh t facili­
ties in most areas, a vehicle hav ing  room in w hich 
men m ay sleep and p repare  th e ir  meals is alm ost a 
necessity du ring  long trip s, the only a lte rn a tiv e  in 
w in ter being to bu ild  a snowhouse or erect a ten t 
du ring  stops.

TRANSPORTATION

land and take off from  the lakes and rivers th a t  
occupy so m uch of the Cold Regions. L arger flying 
boats are o ften  used in sum m er and are operated 
from  the la rger lakes. The period of b reaku p  is a 
short time d u rin g  w hich neither skis nor floats can 
be used. Shallow A rctic  lakes freeze to the bo ttom  
and th aw  ou t rap id ly  because of heat absorption 
from  the sun by w a te r  overly ing the ice. The 
larger, deeper lakes usually  have a floating ice 
sheet, w hich rem ains th ick  enough d u rin g  the 
b reakup  period fo r ski-equipped bush planes to 
land on. I t  is no t u n u su a l to have one lake suitable 
for pontoons and , nearby , ano ther on w hich ski 
landings can be m ade d u rin g  the b reakup  period.

The freezeup period offers m uch  more difficulty 
to a ir operations. D u rin g  th is period all lakes be­
gin to freeze and  pontoons can no longer be used 
a f te r  a ir tem p era tu res reach  25° F, even though  
the lake itself has no t accu m u la ted  an ice sheet.

3-22



T he young ice, w hich form s a t tem peratures above 
15° F, does no t have sufficient streng th  to  support 
the  la rg er bush planes u n til the thickness exceeds 
14 in. Ice 10 to  12 in. th ick  w ill support plane 
landings if  i t  has been subjected to a ir tem pera­
tu res  below 15 ° F fo r  longer th an  one week. Em er­
gency landings and takeoffs m ay be made on skis 
from  sm ooth grassy swam ps th a t  do no t have more 
th a n  1 in. of w a te r  in the  sod. Only ligh t loads can 
be tran sp o rted  u n d er these conditions, being 
lim ited to  one or tw o  persons w ith  the ir baggage.

The helicopter w ould  have a distinct advantage 
in A rctic  operations if  i t  could operate during  this 
period, because i t  does no t require an extensive 
ru n w ay . To da te , how ever, i t  has not proved de­
pendable enough m echanically nor can i t  com bat 
ligh t icing conditions.

To base la rge  a irc ra f t  satisfactorily  in the Cold 
Regions, han gars  are necessary. Smaller planes 
based in these regions can operate if  simple nose 
hangars and  po rtab le  gasoline heaters are provided. 
M ajor repairs, such as engine changes, perform ed 
in the open d u rin g  extrem ely  cold w eather are d if­
ficu lt and tim e consum ing.

A dequate un load ing  equipm ent and m ain­
tenance crew s are  essential a t Polar a ir bases to as­
sure the fa s t service and  qu ick  tu rn a ro u n d  neces­
sary  fo r  these operations d u ring  extrem e cold. 
P a r tic u la r  a tten tio n  m u st be paid to  park ing  p ro­
cedures on P olar airfields. Planes parked  near ru n ­
w ays d u rin g  h igh w inds m ay cause serious d riftin g  
across ru n w ay s if  they  are located on the upw ind 
side. Also, blow ing snow w ill fill p a rts  of the 
park ed  plane w ith  a solid block of very  h ard  snow 
th a t  en ters th ro u g h  sm all holes in the ou ter skin.

3B3.02 PLANE TYPES
The DC-4 (20 ,000-lb payload) has proved the 

best com m ercial type fo r carry ing  heavy loads over 
long distances.

The A ir Force C-124 (50,000-lb payload) is the 
best fre ig h ting  airplane ye t used in A rctic  opera­
tions. Its  huge capacity  and ability  to  take  off 
and land from  5 ,000 -ft a irstrips are especially 
desirable. This plane can hau l the heaviest type of 
tra c to r.

The tw in-engine C-46 (9,000-lb payload) is 
efficient fo r flights of 1 to  1 Vi h r  du ra tion .

The R4D (4 ,000-lb  payload and ab ility  to  oper­
ate  from  2,500 f t  a irs trip s) makes an excellent 
bush plane, especially w hen equipped w ith  skis fo r 
w in te r  operations. This plane can m ake m axim um  
use of all nav igational aids and operates in tougher 
w ea ther th an  any o ther plane now in use.

The N orsem an bush plane (900- to  1,200-lb pay- 
load, w ith  5-h r  gas supply) is operated on floats, 
wheels, or skis. I t  is the largest of the present 
s tr ic tly  bush-type a irc ra f t  now used.

Small planes th a t  have a use because of th e ir  
p a r tic u la r  size, range, and  horsepower are the 
Stinson, Cessna, and Super Cub. The Super Cub, 
equipped w ith  tandem  landing wheels, can c a rry  
one passenger or the equ ivalen t in m ail and em er­
gency p arts . I t  can land  a t  35 m ph in a distance 
of 150 f t .  I t  can tak e  off or land from  very  soft 
g round  su rface  conditions. Satisfactory landings 
and takeoffs have been perform ed on moss in sum ­
m er if  the moss is f irst com pacted w ith  tra c to r  or 
heavily loaded weasel. The plane has jgood ch a r­
acteristics oh floats or skis.
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PART C. EXCAVATION AND GRADING

Section I. PRELIMINARY OPERATIONS

3CI.0I GENERAL

In  perm afrost areas the exac t location of a bu ild­
ing or o ther s tru c tu re  is selected only a fte r  
thorough  surface  and subsurface investigations 
have been m ade and the findings carefu lly  
evaluated  (Section 2A 2). The conclusions reached 
from  these studies w ill influence the establishm ent 
of design crite ria  and indicate the phases and scope 
of the construction  operations and the  type of 
equipm ent th a t  w ill be required .

The presence of perm anently  frozen ground 
makes excavation and grad ing  operations very 
difficult and costly. Before excavation the frozen 
m aterials m ust be thaw ed by steam , w a te r, elec­
tr ic ity , or solar heat or broken up  by blasting, 
pneum atic chisels, or m echanical equipm ent such 
as dozers, rooters, or rippers. In  ce rta in  cases a 
com bination of tw o or more m ethods m ay be 
advisable.

In  general, sum m er is the most favorable season 
fo r ex cav a tio n 1 and g rad ing  operations. G ravel 
m ay be recovered from  borrow  pits, and large 
volumes of frozen silt m ay be economically ex­
cavated  d u ring  this season, if  tim e perm its, by 
regu larly  rem oving th in  layers of soil thaw ed  by 
solar heat (par. 1 of 3C 2.01). C o ld-w ater thaw ing 
operations (p ar. 2 of 3C1.02) usually  s ta r t  as soon 
as thaw ing w a te r  is available in  the spring and 
m ay continue u n til the freezeup. Steam thaw ing 
(par. 1 of 3C1.02) can be accomplished as effec­
tively in w in te r as in sum m er, b u t w in te r  opera­
tions w ith  steam  are usually  lim ited to  com para­
tively small excavations because condensate and 
m elt w a te r rise to  the surface  and freeze to  create 
a difficult icing problem . T haw ing  g rou nd  by 
e lectricity  or sh a tte rin g  i t  by blasting, pneum atic 
chisels, or m echanical equipm ent can be done as 
efficiently in w in te r  as in sum m er.

E xcavation d u rin g  the w in te r  season by b last­
ing or o ther means is o ften  advantageous in loca­
tions w here w a te r  w ould  seriously re ta rd  summer 
excavation (p a r. 5 of 3C2.01.)

3CI.02 THAWING METHODS
W hen ab u n d an t w a te r  u n d er sufficient s ta tic  

pressure is availab le a t reasonable cost, frozen  
gravel can be th aw ed  m ore econom ically by cold 
w a te r  (par. 2 of 3C1.02) th an  by any  o ther 
m ethod. Steam th aw in g  is effective in fine-grained 
m aterials such as silt and  in  re la tively  small g ravel 
w hen the m aterials are  packed tig h tly  enough to  
allow the heat to  be u tilized  efficiently. The 
coarser the frozen m ateria ls, the  g rea te r is the pos­
sibility th a t the steam  and  resu lting  condensate 
and m elt w a te r  w ill be piped th ro u g h  the voids 
and be uselessly dissipated. This m ay also occur 
in thaw ing shallow  frozen s tra ta  un derla in  by 
taliks or w hen steam  points pen etra te  zones th a t  
are no t com pletely frozen. In  such cases, steam  
w ill quickly find its w ay  to  the thaw ed  area and 
w ill have little  o r no effect on th e  frozen m aterials 
adjacent to them . Pow er equipm ent, such as dozers, 
rippers, and rooters, is usefu l in b reak ing  up  shal­
low layers of frozen  m ateria ls ; i t  is least effec­
tive in frozen m uck  and in sand contain ing a 
considerable am ount of silt. Ice can easily be 
broken up  w ith  large  rippers tow ed by one or tw o 
Class V c raw ler tra c to rs . B lasting is o ften  the 
most p rac tica l m ethod of b reak ing  frozen ground . 
A com bination of m ethods m ay be advisable w hen 
the frozen m ateria ls are no t homogeneous.

1. STEAM T H A W IN G . T he m ost commonly 
used m ethod of th aw in g  th e  frozen  soil o f a bu ild ­
ing site is by steam  points. T he s tan d ard  steam  
point consists of a % -in. w ro u g h t-iro n  pipe of the 
required  length , th e  low er end of w hich is shaped 
to  form  a point tip  (F igu re  3C 1-1). A % -in. or 
% -in. diam hole is punched  in  th e  square end of the 
tip . A driv ing  head (F igu re  3C 1-2) is welded to  
the top of the po in t pipe and  connected to  the 
source of steam  by a hose. P o in t pipes la rg er th an  
% -in. are sometimes used fo r  deep thaw ing . W ater 
points (F igure 3C 1-3 ), designed p rim arily  fo r 
co ld-w ater th aw in g , are o ften  used in place of con­
ventional steam  points even th o u g h  they are con-
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sidered by experienced operators to w aste steam.
In  operation, the  th aw in g  point is slowly w orked 

in to  the  g rou nd  by tu rn in g  the point pipe by the 
tw is tin g  b a r  in  th e  d riv ing  head and by tapping 
th e  head occasionally w ith  a ham m er. Staging is 
necessary w hen long po in t pipes are used fo r deep 
th aw in g  (F igu re  3C 1-4).

a. Boilers. P rospectors’ ligh tw eight boilers, 
b u rn in g  e ither wood, coal, or oil and capable of 
being hau led  from  place to  place on a sled or go- 
devil, can  handle one steam  point and are usually 
sufficient fo r  th aw in g  sm all m achinery founda­
tions, excavations fo r  piling, and o ther such opera­
tions. W hen large  volum es m ust be thaw ed , boilers

F IG U RE 3C1-1
Stea m  Thaw ing Point Tip

capable of handling  m any steam  points w ill be re ­
qu ired  (F igures 3C1-5 and 3C 1-6).

b. Steam Pressures. Pressures betw een 60 
and  90 psi a t  th e  boiler are commonly used in 
steam  thaw ing . Lines betw een the boiler and 
th aw in g  points should be sufficiently large to  keep 
pressure losses to  a m inim um . D u rin g  cold 
w ea th er i t  m ay be advisable to  w rap  the m ain line 
and d istribu tio n  pipes w ith  an insu lating  m ateria l 
to  reduce heat loss.

c. Effectiveness of Steam  (R ef. 2 1 ). The 
h ea t required , to  th a w  1 cu  f t  of frozen aground
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F IGURE 3C1-3
Chisel-Pointed W ater Point Tip

varies w ith  th e  u n it w eigh t of the soil, the  void 
con ten t, the am ount of ice in the voids, and  th e  soil 
tem p era tu re . N o tw o  soils have exac tly  the  same 
characteristics, b u t fo r  estim ating  the capacity  of 
equipm ent requ ired , th e  effectiveness of steam  (as­
sum ing 60 psi a t the  po in t pipe) m ay be assumed 
a t 8 lb per cu  f t  of soil thaw ed .

R ate of th aw ing  pen etra tio n , w hen thaw ing  
holes fo r piling in  average soil, is repo rted  to  be 
abou t 6 f t  per h r. Such figures are no t significant 
except fo r excavations of very  sm all cross sections. 
As the steam  poin t thaw s its w ay  in to  the ground , 
the frozen m aterials w ith in  close rad iu s of the

point th aw  qu ick ly , b u t m ore d is tan t m ateria ls are 
no t thaw ed u n til m uch  la te r. A fte r  th e  desired 
depths have been reached by the th aw in g  points, 
the points are le f t in the  g rou nd  fo r a period of 
tim e to allow th e  steam  condensate and m elt 
w a te r  to  percolate th ro u g h  th e  voids o u tw a rd  and 
up w ard  from  the po in t tip . L ength  of steam ing 
tim e depends on the type of g rou nd , its depth , and 
the spacing of the points (Section 2A 8). W ith  
close spacing (6 to  10 f t )  in depths up  to  20 f t ,  
3 to  6 hours steam ing tim e m ay be sufficient fo r 
fine-grained soil. The h ea t sto red  in the g rou nd  
w ill continue to  th a w  ad jacen t m ateria ls fo r some 
tim e a f te r  the jets have been rem oved. Spacing of 
points in m ost cases is a m a tte r  of economics. I f  
deep ground  is involved and  d riv ing  is difficult, i t  
m ay be b e tte r to  w iden th e  po in t spacing. One 
operator reports a steam ing tim e of 144 hours w ith  
2 4 -ft point spacing a t 40- to  6 0 -f t depths. In  this 
case the low er gravels w ere very  tig h t, and the  
ground im m ediately su rro u n d in g  the points and 
above the frozen s tra ta  w as w a te r  sa tu ra ted , so 
the steam  condensed rap id ly .

2 . CO LD-W ATER T H A W IN G . T haw ing  f ro ­
zen gravel w ith  w a te r  instead  of steam  m ay be 
w o rth  consideration on a p ro jec t in w hich large  
volumes are involved. In  th is m ethod, surface  
w a te r  is in trodu ced  u n d e r pressure in to  frozen 
gravel th ro ug h  % - or 1 -in. ex trah eav y  pipes, each 
equipped w ith  a d riv ing  device and  point tip  some­
w h a t sim ilar to  those used in steam  th aw ing . 
W ater is d irected  th ro u g h  a chisel-bit w a te r  point 
(F igure 3C1-3) w elded to  the  d riven  end of the  
pipe, and th aw ing  occurs ahead of the point. Spac­
ing of points is usu ally  16 f t ,  b u t  i t  m ay v a ry  w ith  
the type and dep th  of th e  g ro u n d  to  be thaw ed . I t  
is custom ary in A laska to  locate th aw ing  holes a t 
the apexes of equ ila te ra l triang les because th is a r ­
rangem ent has proved  th e  m ost sa tisfacto ry . Rocky 
soil or o th e t soil in  w hich  d riv in g  is difficult, m ay 
ju s tify  la rger spacing of points. H an d  d riv ing  is 
usually  difficult a t  dep ths over 40 f t ,  and  i t  is 
custom ary in la rg e r operations to  use electric 
po in t-d riv ing  m achines a t  g rea te r  depths. A t one 
location in in te rio r A laska, a la rge  area w as thaw ed  
to  depths betw een 80 and  150 f t  in th ree  sum m er 
seasons. Holes fo r  po in ts w ere  drilled  w ith  Key­
stone drills (p ar. 6 of 2A 2.03) modified fo r elec­
tr ic  drive. The spacing o f points in  this case w as 
32 f t ;  IV4- and lV£-in. po in t pipes w ere used w ith  
no point tips.
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FIGURE 3C1-4
Sta g ing  Platforms for D riving Long-Po int Pipes

F IG U RE 3C1-5
Prospector Boiler

a. Effectiveness o f Water. Assuming the 
m ost efficient po in t spacing fo r a p a r tic u la r  soil 
and  dep th  of th aw in g , th e  effectiveness of w a te r  
varies w ith  th e  tem p e ra tu re  of th e  w a te r  and the 
soil, in c lu d in g  its  pack ing  and  the  am ount of ice i t  
contains. W a te r  tem p era tu re  is affected by the  
d ay -to -d ay  a ir  tem p era tu res  as w ell as the  area

of the  pum p pond because a  large pond absorbs 
m ore hea t th an  a sm all one. Cleanliness of the  
th aw in g  w a te r  is im p o rtan t because i t  reduces the  
m aintenance requ ired  on th aw ing  points. W hen 
the  w a te r  is d ir ty , points m u st be constan tly  doc­
to red  to  keep them  ru n n in g  freely. C ontinuous 
prob ing m ust be done or soil tem peratu res of the  
various s tra ta  m ust be read  freq uen tly  to  assure 
th a t  no m ore w a te r  th an  necessary is pum ped in to  
the  ground .

Tables 3 C l- la  and  3 C l- lb  indicate the  effective­
ness of w a te r  in  th aw in g  frozen gravel, as recorded 
a t  various locations in  the  in te rio r of A laska. 
T able 3 C l- la  represents cum ula tive  experience 
per year over 13 years. Colum n $ reflects the  av e r­
age yearly  tem p era tu res of the  th aw ing  w a te r , as 
does Colum n 4 of T able 3 C l- lb .

3. SOLAR T H A W IN G . See p ar. 1 of 3C2.01.
4. ELECTRIC T H A W IN G . E lectric ity  fo r  

th aw in g  has been used to  some ex ten t. The cost of 
th is m ethod, how ever, is app aren tly  g rea te r th an  
th a t  fo r  th aw in g  by  steam . A verage dem and fo r 
various types of soil is approxim ately  2 k w h r per 
cu  f t ,  according to  available experience records.
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FIGURE 3C1-6
Locom otive Boilers Used for Thawing, Fairbanks, A laska

In  th is m ethod of th aw ing , a steel pipe containing 
an asbestos-packed resistance w ire w ound on a steel 
b a r  is used in  the  same m anner as a steam  point. 
The m ethod is advantageous in ce rta in  w in te r  ap­
plications w here i t  is desired to  keep su rface  ice to  a 
m inim um . (R ef. 21.)
3CI.03 BREAKING FROZEN GROUND

In  ce rta in  cases i t  m ay be m ore p rac tica l to 
b reak  up  frozen g round  th an  to  th a w  it.

1. PN EU M A TIC CHISELS. P neum atic paving- 
b reaker chisel points do good w o rk  in shallow 
frozen s tra ta  if  the  equipm ent first w orks in a 
very  sm all area and  breaks th ro u g h  to  the  thaw ed 
m ateria l. Enough th aw ed  m ate ria l is then  re­
moved w ith  han d  shovels to  underm ine sections of 
the  frozen g round . P neum atic points can then 
readily  break  off sections of the  frozen  layer, and 
excavation of bo th  th aw ed  and  frozen m ateria l can 
proceed. Frozen s tra ta  up  to  2 f t  in  thickness 
can be broken in th is m anner. In  solid perm afrost, 
how ever, this equ ipm ent is no t p rod uctive  because 
m ost frozen m aterials a re  too resilient to  be easily 
sha tte red  by pneum atic  equipm ent.

2. BLASTING. B lasting is com m only used in 
breaking up  perm afrost fo r  shallow  excavations, 
and  although  i t  is a costly p rocedure , in  ce rta in  
applications it  is cheaper th an  o ther m ethods. As 
in the  case of pneum atic  equipm ent, b lasting  is 
most p roductive in  frozen  s tra ta  u p  to  2 f t  th ick , 
a lthough m any deeper excavations have been m ade 
by this m ethod. A ctive-zone fro s t layers have been 
shattered  by p lacing blastholes a t  3- f t  centers on 
lines 4 f t  a p a r t w ith  one-half s tick  of 40 -percen t 
dynam ite in each hole.

Blastholes m ay be e ithe r d rilled  or thaw ed , the  
la t te r  m ethod being p referab le  in  m aterials no t 
subject to  sloughing. In  ce rta in  soils, ice m ay fou l 
up  drill bits to  such an  e x ten t th a t  d rilling  m ay be 
im practicable.

S low -burning pow der is th e  m ost effective ex­
plosive fo r b lasting  frozen  silt and  fine sand. 
Frozen gravel of h igh  m oisture  con ten t requires th e  
sha tte ring  effect o f 40 to  60 percen t dynam ite or 
T N T . Close spacing of holes is requ ired , b u t t r ia l  
shots are necessary to  determ ine th e  m ost effective 
spacing. Most A laskan operato rs appear to  p re fe r 
electric prim ing w ith  delay e lectric  blasting  caps
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TABLE 3 C l- la
Effectiveness of Thawing W ater. Interior 

Alaska

Location Y e a r C u  y d , M ID ’ M ID tc u  yd M ID D ,c u  ydr

A re a s  1 th rou gh  7 1927 10.02 0.100 1.970
A re a s  1 a n d  2 1929 • • • 0.074 0.860
A re a s  1 a n d  2 1930 0.109 0.932
A r e a s  1 a n d  2 1931 . . . 0.118 1.331

A re a s  1 th ro u g h  7 1932 8.89 0.112 1.569
A re a s  1 th ro u gh  7 1933 9.06 0.110 1.475
A re a s  1 th rou gh  7 1934 11.27 0.089 1.377
A re a s  1 th ro u gh  7 1935 10.76 0.093 1.296
A re a s  1 th ro u g h  7 1937 11.70 0.085 1.408
A r e a s  1 th ro u gh  7 1938 10.01 0.100 1.613
A r e a s  1 th rou gh  7 1939 10.90 0.092 1.514
A re a s  1 th ro u gh  7 1940 11.30 0.089 1.581
A re a s  1 th ro u g h  7 1941 12.67 0.079 1.099

MVIID =  m in e r’s  inch  f lo w in g  fo r  24 h o u rs o r  m in e r 's  inch -day.
O n e  M l  =  1 /4 0  c f s  =  1.5 c fm  o r  1 c f s  =  40 M l.

2M ID D  =  m in e r ’s  in c h -d a y  d egree s. If  the  a ve rage  w ater tem perature  to  
p o in ts  in one  d a y  is  48° F a n d  th ere  a re  100 M ID ,  
th en  M ID D  =  (4 8 -3 2 ) 100 =  1,600 M ID D .

and  ro ta tio n  firing . T he effectiveness of explosives 
in  perm afrost has been reported  to  be about the  
same as in  fine-grained sandstone. Perm afrost th a t  
has been blasted  has a tendency to  break  in to  large, 
heavy pieces. Pow er shovels and fo rk lifts  should 
be used to  load th e  broken m aterials in to dum p 
tru c k s . Also, bu lldozers m ay be used to  push the 
chunks u p  ram ps on to  lowboy tra ilers.

3. ROOTERS. S ingle-tooth rooters, tow ed by 
tra c to rs , are  use fu l in  b reak ing  up  com paratively 
th in  layers o f frozen  m aterials on fa irly  smooth 
surfaces w here th e re  is sufficient area fo r free 
m ovem ent of the  equipm ent. W hen tow ed by heavy 
tra c to rs , th is  equ ipm ent can  break  g round  frozen 
dow n to  12 to  18 in. O n this type of w o rk  i t  is 
he lp fu l if , a t  th e  s ta r t  o f the  operation, a hole is 
blasted  th ro u g h  th e  f ro s t layer so th a t  the tooth 
can w o rk  from  the  bo ttom  edge in  the  fro st layer, 
fo rc ing  i t  u p w a rd  in  th e  direction of travel. By 
m aking para lle l passes 5 f t  ap a r t, 20,000 sq f t  of 
18-in. f ro s t have been broken up  in  an 8-h r day by 
one u n it  o f such equipm ent. T w o Class V craw ler 
tra c to rs  m ay be necessary to  to w  a single-tooth 
roo ter. T oo th  m o rta lity  o f rooters in perm afrost 
is ve ry  h igh and  m u st be taken  in to  considera­
tion . B roken fro s t lay er slabs resu lting  from  such 
an  operation  o ften  w eigh a ton  or m ore, and pow er 
equipm ent is req u ired  to  load them  onto dum p 
tru ck s .

TABLE 3 C l- lb
Effectiveness of Thawing W aterf Interior  

A laska . 1940

Location C u y d ,M ID > M ID tcu  yd M ID D ,c u  y d 2

A re a  1 12.14 0.082 1.638
A re a  2 13.51 0.074 1.501
A re a  3 6.33 0.158 2.673
A re a  4 13.65 0.073 1.334
A re a  5 13.43 0.072 1.550
A re a  6 6.10 0.166 2.241
A re a  7 10.60 0.094 1.500

W e igh ted  ave rage ,  
a ll a re a s 11.30 0.089 1.581

’M ID  =  m in e r’s  inch  f lo w in g  fo r  24 h o u rs  or m in e r 's  inch-day.
O n e  M l  =  1 /4 0  c fs  =  1.5 c fm  o r 1 c fs  =  40  M l.

2M ID D  =  m in e r’s  in c h -d a y  degree s. I f  the ave rage  w ater tem peratu re  to 
p o in ts  in one  d a y  is  48° F a n d  there  are  100 M ID ,  
then  M ID D  =  (4 8 -3 2 ) 100 =  1,600 M ID D .

The foregoing m ethod has been used successfully 
in  excavation  w o rk  a f te r  th e  freezeup b u t before 
the  active layer has become frozen to  its fu ll depth.

4. BACK RIPPERS. B ack-rip  scarifiers or 
hinged tee th  fo r  bulldozers th a t  rip  while backing 
up  have been used recen tly  in breaking up  ice and 
perm afrost. Because the tee th  are m ounted on the 
back of bu lldozer m oldboards, the tra c to r  opera­
to r  has excellent con tro l and  can m ake effective 
short-coupled pulls in a m anner th a t  is impossible 
w hen the  tr a c to r  is pu lling  a roo ter or ripper. 
Such equipm ent w as first used in A laska a t  Liven- 
good in  1951. A reliable source indicates th a t  by 
using th is equ ipm ent, m ounted on a Class V b u ll­
dozer, a c u t 120 f t  x  40 f t  w as cleared of 4 f t  of 
solid ice in  6 h r . From  th e  same source i t  w as re ­
po rted  th a t  a d ra inage area  600 f t  x  12 f t  was 
cleared of 4 f t  o f ice in  5Î4 h r.

R eports of th e  efficiency of the equipm ent in 
perm afrost a re  n o t as encouraging. The short dis­
tance th a t  th e  m ultip le-hinged teeth  extend below 
the c u ttin g  edge o f bu lldozer blades limits the 
dep th  o f scarify ing  w ith  back  rippers. This dep th  
m ay o ften  be too shallow  to  get below the active 
layer effectively. T he back  ripper, therefore, tends 
to  ride  u p w ard  unless considerable dow nw ard  pres­
sure forces th e  rippers dow n to the perm afrost. 
For th is reason i t  is d o u b tfu l if  present back r ip ­
pers are  adequate ly  designed fo r m uch usefulness 
in b reak ing  u p  perm afrost.
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Section 2. REMOVAL OF MATERIALS

3C2.0I GENERAL
Designs fo r ce rta in  types of facilities often 

m ake use of fill sections and specify only tke  re­
m oval of fine-grained m aterials in  the  active layer 
th a t  w ill be sub ject to  destru c tiv e  fro s t action. Oc­
casionally such excavation  m ay be qu ite  deep, bu t 
more often only several feet of the  m ateria l need 
be removed.

S tripping and excavation  of such areas are usu­
ally accomplished by hy d rau lic  dozer equipm ent 
and carry a ll scrapers, and the w o rk  should be con­
fined to  the area w ith in  the construction  lines. 
O peration of heavy equipm ent over the  surface  of 
the active zone, rem oval of the vegeta tive  cover, 
and m aking cu ts  in the  subgrade m aterials may 
a lte r  the flow of subsurface  w a te r  and cause ad­
ju stm ents in the th erm al condition of the active 
layer. Once th e  vegeta tive  cover is rem oved, the 
exposed frost areas th aw  rap id ly  and  produce su r­
face w a te r  in the  d is tu rbed  areas. In  ce rta in  parts 
of the Cold Regions, u n d is tu rb ed  moss-covered 
g round  m ay th a w  d u rin g  sum m er to  depths of 12 
to  18 in ., b u t the same area stripped of moss may 
th aw  to depths of 4 to  6 f t .

M aterials of fine te x tu re  often  contain  ice, either 
as m inute  grains or as ice lenses or wedges, w hich 
w hen thaw ed produce excessive w e ttin g  and  plas­
tic ity  and are susceptible to  se ttling  and caving. 
Removal of the  m aterials should therefore  s ta r t 
im m ediately a f te r  the  moss has been removed; 
otherw ise, the  area w ill soon become a quagm ire in 
w hich equipm ent w ill become inoperative.

1. SYSTEMATIC REMOVAL OF TH A W ED  
MATERIALS. In  moss-covered areas, w here the 
th aw  of fine-grained m ateria ls ranges from  12 to 
18 in. each season, 3 to  5 in. of th aw ed  m aterials 
m ay be removed each day  d u rin g  the w arm  m onths; 
and if  the m ateria ls are con tinually  rem oved as 
they th aw , 25 f t  m ay be excavated  in  a 100-day 
sum m er operation. The adv an tage  of m aking it 
possible fo r the  con struc tion  equipm ent to  w ork  
alw ays on the  frozen  g rou nd  tab le  is a consider­
able one.

a. Abrasiveness o f S ilt. The fine hard - 
grained particles o f silt o r .sand ag ita ted  by equip­
m ent w ork ing  in  w e t areas w ill cause excessive 
w ear of rails, pins, wheels, sprockets, and  plates of 
tra c to rs  and lead to  ea rly  fa ilu re  of the runn in g  
gear. Records of equ ipm ent used in  construction

of no rthern  a irstrips indicate  the necessity of h a v ­
ing available a supply of replacem ent p a r ts  fo r  
trac to rs  w ork ing in w e t fine silt. (R ef. 21.)

2. STOCKPILING GRAVEL. I f  the m ate ria l is 
con tinually  rem oved as i t  th aw s, frozen g ravel in  a 
borrow  p it m ay be excavated  by dozers and  ca rry -  
alls and stockpiled to  allow  the  gravel to  d ra in  
ou t and d ry  fo r fu tu re  use as coarse base m ateria l.

3. DEVELOPING D R A IN A G E FACILITIES. 
The exposure and  th aw in g  of fine-grained fro s t-  
action m aterials produces m uch  w a te r , w hich m ay 
present a serious d rainage problem , especially in  
flatlands. The problem  m ay be com plicated by the  
in terception of sub su rface  w a te r  d u rin g  excava­
tion, w hich, if  no t p roperly  dra ined , m ay b reak  
th ro ug h  to  the su rface  d u rin g  the  w in te r  and  form  
a field of ice on th e  opera ting  area. I t  is im p o rtan t 
th a t proper dra inage facilities be developed before 
the s ta r t of the s trip p in g  and  excavating  operations 
(Section 2A 7). This is in co n tra s t to  the co n stru c ­
tion of these facilities in  th e  T em perate Zone, w here 
in m any instances th e  final d ra in age  facilities are 
no t installed u n til a f te r  th e  w earing  surfaces of 
roadw ays, landing strips, p a rk in g  areas, and  tax i-  
ways have been p u t dow n.

4. REM OVING FR O ZEN  A C TIV E-ZO N E MA- 
TERIALS. T rac to r-m o u n ted  draglines and  shovels 
are f re q u e n tly ^ se d  in hand ling  broken or shocked 
frost layers. So also are road  scrapers equipped 
w ith  offset frost-b lade  sections and  hy d rau lic  
dozers th a t  u tilize  th e  dow nw ard-pow ered  force 
of the ir blades to  c u t in to  the frozen m aterials. 
Mechanical b reakage o f equ ipm ent on this type of 
service is ap t to  be excessive because i t  is o ften  im ­
possible to  an tic ip a te  e r ra tic  g rou nd  conditions. 
In  m any cases, how ever, th e  m ethods are fa ste r and 
less costly th an  th aw in g . A m in ing com pany in  the  
Fairbanks, A laska, area  co n stru c ted  a m ile-long 
drainage canal, 3 to  6 f t  deep and  10 to  12 f t  w ide 
a t the bottom , by  b lasting  th e  frozen  g round  and 
excavating  the m ateria ls  w ith  a dragline. The 
w o rk  was done in  M arch. T he m ateria ls excavated  
w ere frozen silt w ith  a h igh m oisture con ten t, ice 
lenses of various thicknesses, and  a fibrous pea t oc­
cu rrin g  a t  various depths th ro u g h o u t the  chan­
nel line. Because of th e  charac te ris tics  of the  m a­
terials, thaw ing  w o uld  have tu rn e d  the  r ig h t-o f- 
w ay  in to  a plastic flow ing mass th a t  w ould  have 
been extrem ely difficult to  excavate . (R ef. 21.)
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5. A D V A N TA G E OF W IN TER  EXCAVA­
T IO N . A fte r  th aw in g  or breaking the frozen m a­
teria ls, deep ou tfa lls  fo r sewer or drainage lines 
d ischarging in to  n a tu ra l w a te r channels can often 
be m ore easily excavated  in w in ter w hen the w ate r 
level of the stream  is low.

6. H Y D R A U LIC  STRIPPING. H ydrau lic  
strip p in g  of frozen  fine-grained soil is used exten­
sively by m ining companies operating in the A rctic 
and S ubarctic  Regions and consists of in te rm it­
ten tly  p laying high-velocity  stream s of w a te r  from  
M onitors, or G iants, onto the frozen m aterials. 
The com bined w ashing and thaw ing  action of the 
w a te r  and  w arm  a ir  m akes possible rapid  stripping 
and rem oval of fine-grained m aterials, which are 
ca rried  in suspension from  the w ork ing area. The 
best efficiency is obtained w hen several Monitors 
are installed  w ith in  range of each o ther and oper­
ated  in ro ta tio n , each u n it washing off the th aw  
of all g rou nd  w ith in  its w ork ing radius. C ontinu­
ous nozzling of frozen  m uck, p a rticu la rly  when 
the w a te r  is very  cold, is an inefficient operation. 
H y d rau lic  s tripp ing  is faste r th an  m echanical, b u t 
is seldom p rac tica l on construction  projects be­

cause of the necessity of hav ing available large 
quantities of w a te r  un der pressure. In  such opera­
tions proper drainage m ust be provided so th a t  the 
soil-laden w a te r  w ill be deposited aw ay from  the 
bu ilding site.

7. W A LKING DEVICES. In  excavation opera­
tions involving large-capacity  shovels or draglines^ 
consideration should be given to  m ounting such 
equipm ent on w alk ing  devices such as Monaghans. 
Experience w ith  this type of equipm ent in A laska 
indicates th a t its g rea te r bearing area and lower 
un it-bea rin g  pressure is advantageous in soft, level 
g round  and th a t  the tu n d ra  is d istu rbed  m uch less 
by w alk ing  equipm ent th an  by the treads of heavy 
trac to rs . For the m ost efficient operation, u n ­
even surfaces to be traversed  by heavy w alk ing  
devices should first be leveled by bulldozers or 
o ther equipm ent.

8. GRUBBING A N D  STRIPPIN G . G rubbing 
and stripp ing  construction  sites in perm afrost areas 
is o rd inarily  accomplished by bulldozers and drags 
and should be s ta rted  in the early  spring as soon as 
the snow has disappeared. Blasting1 stum ps and 
c u ttin g  dow n trees is seldom required  in areas 
w here perm afrost is close to  the surface.

Section 3. BANKS A N D  FILLS

3C3.0I MAINTENANCE OF BANKS
In  excavating  fo r foundations th a t are to be 

supported  on perm afrost and confined for a t least a 
portion  of th e ir  dep th  by perm afrost, it is im portan t 
th a t  the  s tab ility  of the frozen sides of the ex­
cavation  be preserved.

I f  the g rou nd  is broken by blasting, care should 
be tak en  th a t  the th erm al condition of the area 
outside the  lim its of the excavation is not disturbed 
as a re su lt of the  b lasting  operations.

Sidewalls should be pro tected  from  high summer 
tem p era tu res by lining the sides of the excavation 
w ith  in su la tin g  m ateria ls, such as layers of d ry  
tu n d ra , w hich is p len tifu l in some perm afrost 
regions. In  special cases it m ay be desirable to 
re fr ig e ra te  the excavated  surfaces by c ircu la ting  a 
re fr ig e ra n t th ro u g h  double pipes. This has been 
accomplished by p u tt in g  down a series of these 
pipes, of req u ired  sizes, in a perim eter la rger th an  
the req u ired  excavation  and by c ircu la tin g  a re ­
f r ig e ra n t dow n the inside pipe and le tting  it rise 
th ro u g h  th e  outside pipe. W idely different applica­

tions of re frig eran ts  are possible, and the specific 
m ethod used depends on the circum stances in each 
case (par. 2 of 2A 8.07).
3C3.02 FILLS

1. STOCK PILING. Stockpiling of fill m aterials 
should begin as early  as possible in the spring so 
th a t  they w ill be w ell dra ined  before placing. F re­
quen tly  this w o rk  has been carried  on du ring  w in ­
te r  by bailing gravel from  rivers by draglines 
th ro u g h  holes in the ice. Stockpile areas should be 
located in the v icin ity  of the construction  opera­
tions, w ith  consideration given to  the rou te  and the 
possible condition of the hau l road a f te r  seasonal 
fro s t has le ft the ground .

a. Separation of Materials. Care should be 
tak en  in the stockpiling operations to  separate 
the types of g ra n u la r  m aterials available. Air 
though  there  m ay be little  choice in the type of 
w ell-graded m aterials available in the region, it  is 
usually  possible to  ob tain and separate clean sand 
or densely graded  sand-gravel and coarse gravel.
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Each of these has im p ortan t applications in most 
construction  operations.

2. PLACING FILLS. In placing fills on sa tu ­
ra ted  fine-grained subgrades, it  is im p ortan t th a t 
the first course be densely graded sand-gravel or 
clean sand because fine-grained soil w hen w et and 
under load is likely to ooze up th ro ug h  coarse m a­
terials into the base course. On such subgrades it 
is im portan t th a t  drainage be provided so th a t 
excess w ate r can escape as the fill is placed and 
com pacted. Fill m aterials should be placed and 
com pacted in 6-in layers to  the elevation required. 
Every effort should be made to create un iform  soil 
conditions in em bankm ents so th a t differential 
settlem ent w ill be avoided. Pockets of unsatisfac­
to ry  m aterials over w hich em bankm ents are to be 
placed should be replaced w ith  m aterials com par­
able to the ad jacen t subgrade m aterials.

Before m aking fills in frozen ground , the pos­
sibility of slippage of the new fill should be investi­
gated. Blasting the perm afrost to form  a rough 
surface w ill im prove the bond between the new fill 
and the subgrade w hen the conditions are such th a t 
no thaw ing  of the con tac t m aterials betw een the 
fill and the subgrade w ill occur d u ring  any por­
tion of the year. I f  the m aterials and the dis­
ciplines are such th a t  the con tac t plane m ay thaw , 
any previous rough  perm afrost surface  m ay be­
come plastic and flat. Slippage m ay then occur if 
the w eight of the fill is sufficiently g rea t to  over­
come the coefficient of sliding fric tio n  betw een the 
perm afrost and the superimposed load, w hether 
thaw ed or frozen.

Backfilling operations should begin im m ediately 
a f te r  excavation of the fine-grained frost-action  
m aterials in order to  preserve the perm afrost.

3. D RAINA GE. The im portance of good d ra in ­
age in subgrades un der fills can not be over­
emphasized. A high subgrade m oisture con ten t will 
resu lt in poor com paction of the com pleted em­
bankm ent and increase the possibility of settlem ent. 
(See Section 2A7.)

Fills should be co n stru c ted  sufficiently high to  
provide adequate su rface  drainage and to  in ­
sulate the underly ing  perm afrost. (See p ar. 2 of 
2A6.02 and par. 2A 7.02.)

4. COM PACTION. R equirem ents p rio r to  fill 
construction  include th e  placem ent of all necessary 
trenches, cu lverts , and  o th er d ra inage s tru c tu re s .

I f  French drains are  used, the  backfill m ust be 
placed and com pacted in  layers to  reduce subse­
quen t settlem ent in areas w here the d ra in  is sub­
ject to  loads from  traffic. E ither hand  or a ir  
tam pers m ay be used. T he top  portions of these 
drains may be com pacted by ru n n in g  a loaded tru c k  
back and fo rth  w ith  wheels in the  trench , b u t care 
should be taken  th a t  soil or o ther fine m ateria l is 
no t deposited in the  tren ch  by th e  wheels.

W here p erfo ra ted  pipes are laid , a selected b ack ­
fill m ust be used and ca re fu lly  com pacted to  p re ­
ven t silting and obstruc tion  of perforations.

C ulverts should be laid  on w ell-tam ped m a­
terials, and backfill should be placed sim ultaneously 
on both sides of the c u lv e r t in approxim ately  3-in. 
lifts th ro u g h o u t its en tire  length . Sidefills should 
be hand tam ped. M achine com paction m ay be used 
a f te r  a t least 12 in. of fill have been placed over the 
top of the cu lv e rt.

Compaction of base course or em bankm ent fills 
is generally com paratively  easy to  accomplish in 
the Cold Regions. These fills are alm ost alw ays 
nonplastic and are sa tisfac to rily  com pacted by 
trac to rs , tru ck s , and  road  rollers. Clean gravel 
is usually  com pacted to  a dense s ta te  by such 
m ethods; sand, how ever, is m ore difficult to  com ­
pact because i t  is u su ally  m oist w hen placed. A 
slight am ount of m oisture in sand m ay hold the 
grains together by cap illa ry  forces to  the  ex ten t 
th a t they are incapable of being m oved to  a denser 
packing. Such a condition can be im proved by 
com pletely d ry in g  the  sand o r by com pletely 
sa tu ra tin g  it. The la t te r  m ethod is generally the 
more p ractical.
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PART D. SNOW  COMPACTION FOR ROADS AND LANDING FIELDS

Section I. CO M PACT IO N  EQUIPMENT

3D 1.01 GENERAL
T he m ost im p o rtan t p roperty  of a snow surface 

from  a trafficab ility  standpoin t appears to  be h a rd ­
ness. H ardness m ay be defined as the ra tio  of in ­
ten sity  of pressure to  dep th  of penetration  and m ay 
be ch arac terized  by th e  resistance of the surface to  
th e  p en e tra tin g  effects of wheels and skis. Tests 
indicate  th a t  u n d er th e  proper conditions of tem ­
p e ra tu re , snow covers hav ing the higher density 
also have the  h igher hardness. Snow is a crystalline 
m ate ria l, and  its s tren g th  near its m elting point is 
fixed by th e  num ber and  streng th  of the in te r­
crysta lline  bindings. The crystals, themselves, are 
s tron ger th a n  the bo un dary  layers, and to spread 
stress on as m any boun dary  bindings as possible, i t  
is necessary to  consolidate the snow. The nearer 
snow is to  th e  m elting  po in t, the more the crysta l 
boundaries become liqu id  in form  and the m ore 
unstab le  th e  crysta ls become. Also, m illing the  
coarse-grained crysta ls  and  packing them  together 
resu lts  in  an ever m ore unstab le condition. Com­
paction  m ethods are  therefore  more efficient a t 
high tem p era tu res a f te r  th e  ice crystals have been 
m illed and  before they  have developed a stable 
form . In te rc ry sta llin e  cohesion and streng th  of 
snow crysta ls  of the same form , size, and density 
increase g rea tly  a t  low  tem peratu res. Snow should 
th erefo re  be used fo r traffic a t low tem peratures. 
(R ef. 91, 92 .)

Snow, im m ediately a f te r  i t  falls, m ay have a 
density  as low  as 0.05 g /c c  (3.1 lb /c u  f t ) ,  although 
the  average density  is m ore often  abou t 0.1 g /c c  
(6.3 lb /c u  f t ) .  W ith  n a tu ra l  pressure and age i t  
w ill seldom a tta in  a density  of more th an  0.3 or
0.4 g /c c  (18.7  or 25.0 lb /c u  f t ) .  The density and 
hardness req u ired  to  sup po rt and endure the traffic 
o f heavy-w heeled vehicles can be determ ined, a t  
p resent, only by traffic testing . Therefore, u n til 
rep resen ta tive  loads have been imposed on snow 
surfaces o f various densities and subgrade condi­
tions, and  th e  densities themselves have been p ro ­

duced u n d er all the various atm ospheric conditions 
expected, it  is impossible to  p red ic t w hether present 
snow -packing techniques and equipm ent, available 
or contem plated , w ill satisfy all the requirem ents 
of fu tu re  operations. (R ef. 91, 93.)
3D 1.02 RESEARCH

A considerable am ount of research has been 
u n d ertak en  in recen t years to  develop techniques 
and equipm ent to  im prove a n a tu ra l snow cover 
so th a t  i t  is capable of supporting  heavy traffic. 
Some w o rk  th a t  has been program ed has no t been 
com pleted, b u t sufficient research has been done to  
allow  a t  least ten ta tiv e  conclusions as to  the effec­
tiveness of ce rta in  snow stabilization techniques 
and equipm ent in p roducing  trafficable snow su r­
faces. More extensive research and traffic testing  
are necessary before conclusive evaluations are pos­
sible. N o p racticab le  means has ye t been developed 
to  p red ic t the su itab ility  of a given snow surface 
fo r any p a r tic u la r  vehicle, b u t valuab le g rou nd­
w o rk  in th is d irection has been accomplished. 
(R ef. 93.)
3D 1.03 MEASUREMENT OF COMPACTION

A dequate in strum en ta tio n  to evaluate  n a tu ra l 
or processed snow has no t ye t been developed. Also, 
the common in strum ents used to  m easure the re ­
sults of com paction have no t been correlated  one 
to  the o ther nor w ith  reg ard  to u ltim ate  trac tio n  
loading. Tests indicate th a t  i t  appears desirable to  
keep in s tru m en t field testing  to a m inim um  and as 
simple as possible. Snow classification, density, 
hardness, and tire  penetra tion  are considered the 
m ost essential. (R ef. 91, 92.)
3D 1.04 SNOW SURFACE PROCESSING 

EQUIPMENT
In  general, tw o  types of equipm ent are required  

to  increase the  density and hardness of snow. These 
are (a ) those th a t  pu lverize , scarify , or o ther-
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wise depth-process th e  snow, and  (b ) those th a t 
compress and com pact it . A pplication of hea t to 
the snow w hile it is in the m axim um  sta te  of dis- 
aggregation is very  desirable. H ow ever, no p rac­
tica l and economical m ethod of accom plishing this 
has been reported . Flam e, steam , w a te r, and ad­
m ix tu re  have been added to  ag ita ted  snow surfaces 
d u ring  tests, b u t the resu lts have so f a r  been in­
effective. In  ce rta in  areas, such as those of the 
A rctic  coastal plain , w here snow fall is com para­
tively  ligh t and g rou nd  surfaces are frozen  prior 
to  any appreciable am ount of snow fall, com pacting 
methods and equipm ent are com paratively  simple. 
All th a t  is necessary o rd inarily  is to  u tilize  the 
snow as a fill m ateria l fo r  final g rad ing  purposes, 
elevating the fill periodically to  keep its elevation 
slightly  above th a t  of the  uncom pacted area. Con­
tinuous A rctic  w inds then  keep u n w an ted  snow off 
the com pacted surface . In  such areas com pacted 
surfaces construc ted  only w ith  a bu lldozer and a 
steel d rag  have accom m odated C -46 and C -54 a ir­
c ra f t. For this reason construc tion  c r ite ria  can 
best be established in localities hav ing  a deep snow 
cover, a lthough  the same basic principles are  in­
volved in any locality . (R ef. 91 .)

1. D E PT H  PROCESSING. Pulvim ixers, tooth 
harrow s, and disk harrow s are the m ost commonly 
used equipm ent fo r dep th  processing.

a. Pulvimixers. A pu lv im ixer is a machine 
th a t  scoops a layer of snow (usua lly  1 foot o r less) 
in to a closed com partm ent w here i t  is pulverized 
by a chain or ham m er flail in to  fine particles before 
being red istrib u ted  on the  snow surface . I t  m ay be 
self-propelled or tow ed by a tra c to r . I f  tow ed, it  is 
usually  ski m ounted. The self-propelled type, to  be 
effective in deep snow, should be tr a c k  equipped. 
This equipm ent is o ften  used in  con junction  w ith  
some form  of d ry -h ea t ap p ara tu s  by w hich heat is 
applied d irectly  to  the ag ita ted  snow surface. 
Pulvim ixers preceded and follow ed by a proper 
pressure device are the  m ost sa tisfac to ry  equip­
m ent yet developed fo r p roducing  trafficable su r­
faces. (Ref. 91, 92.)

b. Tooth Harrows. T ooth  harrow s are sim­
ple and easy to  m ain ta in , because they  have no 
m oving parts . U sually , fo r snow consolidation, 
they are specially con struc ted  of s tru c tu ra l  steel 
sections w ith  steel b a r tee th  of various spacing and 
projection, depending on snow conditions. This 
equipm ent is difficult to  m aneuver in deep snow; 
ligh ter construction  w ould  probably  overcom e the

difficulty, and w eigh ts cou ld  th en  be added as re ­
qu ired . A nother d isadvan tage of to o th  harrow s is 
the fac t th a t  th e re  is no v e rtica l in term ix ing  of 
snow from  different levels and  therefo re  no m ix ing 
of snow of differen t tem p era tu res. T ooth  harrow s 
do no t leave a sm ooth su rface  and  m ust alw ays be 
used in conjunction  w ith  rollers. (R ef. 92 .)

c. Disk Harrows. D isk harrow s have been 
inadequate, p rim arily  because of insufficient flo ta­
tion or supporting  devices. T est resu lts are based 
on the use of gang  harrow s w ith  24-inch disks, 
w hich w ere so sm all th a t  th e  d ra w b a r  and  axles 
w ere alw ays w ell dow n in th e  snow and plow ed up  
the snow ahead. H ad  th ey  been equipped w ith  
la rge-area  sup po rt shoes, ru n n ers , o r p lates, the  
harrow s w ould no t have sun k  in to  the  snow. O n a 
hardened s trip  th e  equ ipm ent w as foun d  to  be 
qu ite  effective in  chopping u p  the  su rface . (R ef. 
92.)

2. A PPL IC A T IO N  OF PRESSURE. Pressure 
fo r com paction is generally  applied w ith  some type 
of ro ller or d rag . S a tisfac to ry  com paction has been 
accomplished by bo lting  w ooden tra c k  extensions 
to  tra c to r  plates and  u tiliz in g  the  w eigh t and 
v ib ra tion  of the t r a c to r  u n it  in  the  same m anner 
as com pacting earth fills. Modified sheepsfoot ro ll­
ers, slat rollers, and  an  a ir-d riv en  v ib ra to r  m ounted 
on a steel p la te  shaped like a toboggan have been 
used to  a lim ited ex te n t in  snow com paction tests. 
Results are no t conclusive, b u t  they  ind icate  th a t  
fu r th e r  investigation  of such equ ipm ent is justified . 
(R ef. 91, 92.)

a. Rollers. Snow can  best be com pacted in a 
series of th in  layers, b u t i t  m u st be com pacted as 
found  in the field, w here  th e  dep th  is o ften  5 f t  or 
more. O n the icecaps i t  m ay w ell be 30 f t  deep. 
C om pacting snow depths o f th is m agn itude  re ­
quires a roller o f la rge  d iam eter (6 to  8 f t )  and 
re latively  ligh t w e igh t (9 ,000 lb  u n b a lla s ted ). 
This is to  p rev en t th e  ro lle r from  sinking deeply 
and becoming, in  rea lity , a plow . As the snow den­
sity increases from  rew o rk in g , i t  is capable of sup­
p o rting  g rea te r u n it  loads. T hus, heav ier (1 ,500 
lb unballasted ) ro llers h av in g  sm all diam eters (2 to  
4 f t )  or high angles of app roach  are sa tisfac to ry .

Indications are  th a t  th e  com pacting  effective­
ness of la rge-d iam eter ro llers does no t decrease as 
the snow becomes denser. A dditional w eigh t or 
ro ller ballast does no t app reciab ly  a lte r  resu lts. 
This indicates th a t  th e  angle o f approach  or rad iu s 
of the ro ller influences th e  com paction. I t  is
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analogous to  th e  angle of approach of the runners 
on snow. Conclusions from  recent tests indicate 
th a t  8 -ft-d iam ete r, variab le-w eight snow rollers in 
com bination w ith  pulvim ixers w ere most effective 
in the p a r tic u la r  tests in  producing suitable snow 
surfacès, and th a t  rollers w hen ballasted are more 
effective th an  w hen unballasted . I t  has been found 
th a t  th e  m ultip le-pass procedure, done on one con­
tinuous operation , is m ore effective th an  the single­
pass p rocedure; the continuous procedure, how­
ever, becomes im practica l beyond 3 or 4 passes. 
Rollers should be able to  be coupled in line or ta n ­
dem and  should be provided w ith  snow-cleaning 
scrapers.

b. Drags. V arious types of drags have been 
used in snow com paction investigations and in the  
con struc tion  and  m aintenance of snow roads and 
airfields. W hen snow fall is ligh t, steel drags are 
very  effective in  com pacting th in  layers of snow 
and are p a r tic u la r ly  effective w hen used during  
storm  periods to  keep snow m oving and to prevent 
d rif tin g . Pontoon drags are more difficult fo r

tra c to rs  to  handle in deep snow th an  are rollers 
and are no t as effective as rollers. (R ef. 92.) .

3D 1.05 CURING INTERVAL

A notable p rop erty  of snow is th a t  its hardness 
continues to  increase if  i t  is le f t un d istu rbed  a f te r  
hav ing been m echanically trea ted . A fte r  the ab­
sorbed a ir  has been elim inated, the crystals in con­
ta c t  w ith  each o ther con tinue to  grow  together, a 
process th a t continues fo r  10 to 12 or more hours 
a f te r  com paction. Tests have indicated th a t  a f te r  
progressive passes w ith  a ro ller over a snow surface, 
the hardness m easured 1 ho u r a f te r  com pleting the 
com paction was tw ice as g rea t as th a t  a f te r  a single 
pass and th a t  a fu r th e r  increase in hardness of 8 to  
10 times the value obtained a f te r  a single pass took 
place 12 hours a f te r  com pleting the rolling. A t­
tem pts to w o rk  h a rd , d ry  snow continuously w ith ­
o u t allow ing fo r a cu rin g  in te rv a l w ill resu lt only 
in a chu rn ing  of the snow w ith  no increase in com­
paction. (R ef. 21, 92.)

Section 2. SN O W  ROADS

3D2.0I TESTS AT CHURCHILL, CANADA (Ref. 92)

P rac tica l field tr ia ls  consisting ' of ac tu a l con­
s tru c tio n  and m ain tenance of a 12-mile section of 
road 43 miles from  C hurch ill and 2 miles from  the 
shore of H udson Bay w ere conducted by the Royal 
C anadian  Engineers in 1931. W inds here are com­
mon and of high velocity , and snow conditions are 
analogous to  those occu rrin g  on flat, exposed A rctic 
coasts and fo r some considerable distance inland. 
The «equipment consisted prim arily  of a Seaman 
pu lv im ixer and  low -pressure roller. The pulvi- 
m ixer w as equipped w ith  a chain flail consisting of 
120 chains, 13 in. in leng th  (chain diam , % in .). I t  
w as m ounted  on skis and tow ed by a tra c to r; the  
ro ller w as 6 f t  in  diam  and 8 f t  in w id th , and its 
w eigh t could be varied  betw een 3,175 and 5,800 lb 
in 7 5-lb increm ents.

N o difficulty w as encountered in com pacting 
snow in these tests w hen the atm ospheric tem pera­
tu re  w as below  5° F, and  no trouble  was experi­
enced w ith  traffic on the  road while the tem pera­
tu re  w as below 10° F. T em peratures du ring  the 
te s t period ranged  from  —30° to 15° F. Com pacted 
snow densities achieved w ere betw een 0.4 and 0.5. 
Traffic tests involved using 3-ton  tru ck s  loaded to  a

gross w eigh t of 9 tons, developing axle loads of 
11,500 lb.

N o sa tisfacto ry  answ er w as obtained to  the ques­
tion of optim um  num ber of passes of equipm ent. 
A long in te rv a l betw een passes appeared to  be 
definitely detrim en tal. A 4 -h r  period caused tr a f -  
ficability failu res every tim e it  was tried . A t r e a t­
m ent in te rv a l of less th an  1 h r  produced good 
resu lts from  w hich the conclusion is apparen t th a t  
w ith  this equipm ent the tim e in te rv a l between 
passes should be kep t to  a m inim um  and in no case 
should be allow ed to  become g rea ter th an  2 h r. A 
recom m ended cu rin g  period for the trea ted  snow, 
p rio r to  its being opened to  traffic, ranged from  19 
to  24 hr.

W hen these road-m aking  m aterials w ere used, 
the ra te  of construction  of snow roads am ounted to  
3 miles d u rin g  a 24 -h r w ork ing  day w ith  the 
equipm ent a t hand  and u n d er favorable conditions. 
Favorable conditions are defined as te rra in  open 
and flat, snow dep th  u n d er 3 f t ,  w ind chill fac to r 
less th an  2,100, and visibility  a t least h a lf  a mile.

In  these tests, the road surface  was raised above 
the su rro un d in g  snowfield by a snowfill. T herefore, 
w ind and d r if t  sw ept over it ,  and snow fences w ere
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unnecessary. E quipm ent included a pulvim ixer, 3 
rollers, and 5 trac to rs .

The bu ildup  process w as a tta ined  by spacing the 
in itia l passage of the tra c to rs  43 f t  ap a r t, across 
the  proposed centerline. A fte r  d ragg ing  the snow 
in to w ard  the  centerline, i t  was roughly  leveled by 
the tracked  trac to rs . The trea tm en t w ith  the 
pulvim ixer and , in tu rn , the rollers, followed. A 
b u ilt-u p  roadw ay  was con struc ted  hav ing about a 
13- f t  surface w id th , usually  raising the  road su r­
face about 1 f t  above the su rround ing  snow su r­
face.

G reat care w as tak en  in smoothing off the snow- 
fill slopes, w hich w ere m ade no steeper th an  1:3, 
w ith  the shoulder corners sm oothly rounded off. 
The bu ildup  process was accomplished a t the ra te  
of 7 miles a day, b u t the progress on the  road 
finishing depended en tire ly  on the single pu lv i­
m ixer un it. By using 2 such un its, therefore, the 
construction  progress could have been doubled.

The bu ildup  process in detail w as accomplished 
by s ta rtin g  2 tra c to rs  on opposite sides of the 
centerline w ith  blades angled to w ard  each other, 
con tinuing fo rw ard  a distance of h a lf  a mile. The 
tw o  trac to rs  w ere then reversed in direction , con­
tinu ing  to w ind row  the  snow to w ard  the center 
u n til they m ade th e ir th ird  and last pass in the 
direction of fo rw ard  m ovem ent. The crests of the 
tw o final w indrow s w ere 10 to  13 f t  ap a r t. D u r­
ing this w indrow ing process the con trac tion  in the 
snow volume, s ta r tin g  w ith  a snow density of 0.3 
g /c c  (18.7 lb /c u  f t ) ,  am ounted to 40 or 50 per­
cent. The w indrow s w ere then smoothed over the 
road surface and in tu rn  followed by five passes 
w ith  the pu lv im ixer-ro ller com bination.

W ithin 36 h r  the road w as subjected to  traffic, 
including 3-ton loaded tru ck s , 20-ton loaded sleds 
(m oving a t 25 m p h ), and track ed  trac to rs . One 
section of the  road, a crossing, was subjected to  50 
tra c to r  passes a day over a 5-week period w ith ou t 
ill effects. N o failu res occurred  over any p a r t of 
the  road. Traffic w ore dow n the corrugations made 
by the rollers, the only evidence occu rring  on the 
surface.

The speed a t w hich vehicles could move over the 
road was governed only by vehicle perform ance. 
N o difficulty w as experienced a t 40 m ph, and there 
w as no indication of e ither sides w ay or skidding. 
N o evidence of deterio ra tion  of the road surface 
w as visible a t  tem pera tu res up  to  20° F, w hich pre­
vailed late  in the  season. The road w as b u ilt in

m id-February  and , w ith  tem p era tu res as high as 
30° F, up  to  8 A pril had  suffered no perm anen t 
damage. The effect of th e  heavy traffic to  w hich  i t  
was subjected, if  any th ing , appeared to  have im ­
proved the road and its  surface .
3D2.02 TESTS AT POINT BARROW, ALASKA 

(Ref. 94)

D uring  the 1950-51 w in te r  season, the A rctic  
Test Station a t Po in t B arrow  con struc ted  19 test 
strips b u ilt w ith  various com binations of snow 
stabilization equipm ent. From  these tests the  m ost 
effective com binations w ere selected and used in the  
construction  of a 5 ,000 -ft snow road. The road  
was m aintained a t the  same tim e th a t  i t  w as sub­
jected to testing  by wheeled traffic. C onstruction  
operations w ere on tw o  para lle l sites 75 f t  ap a r t, 
each 2,500 f t  long by 31 f t  w ide, w hich w ere cov­
ered w ith  d r if te d  snow 6 to  18 in. deep. More 
snow was hau led  to  th e  sites so th a t  the  overall 
dep th  averaged 18 in.

Each of the 2 ,5 0 0 -ft sites w as divided in to  tw o  
1 ,250-ft sections, and each of the fo u r sections was 
stabilized by one best m ethod established in the 
test strip  studies. The fo u r  m ethods w ere:
Section I: P u lv im ixer follow ed im m ediately by

8 -f t roller.
Section II: P u lv im ixer follow ed im m ediately by 

snow su rface  hea te r and sheepsfoot 
roller.

Section III : P u lv im ixer follow ed im m ediately by 
w a te r  c a rrie r  and 8 -ft ro ller, w ith  
the w a te r  c a rrie r  discharging w a te r  
a t the  ra te  of 50 g a l/lin  f t  or 0.5 lb /  
sq f t  th ro u g h  a spray  b a r 8 f t  long 
and 2 V2 in. in diam .

Section IV: P u lv im ixer follow ed im m ediately by 
pontoon barge w ith  a 6,300-lb load.

Each com bination of equ ipm ent m ade 5 s tab iliza­
tion passes, and all equ ipm ent except the w a te r  c a r­
rie r and the snow su rface  hea te r w as tow ed a t ap ­
proxim ately 1.5 m ph. T he snow surface  hea ter 
w as tow ed a t a speed of 0.85 m ph and the w a te r  
ca rrie r  a t a speed of 1.0 m ph. In  m aking an 18 -ft 
w ide roadw ay, 3 equ ipm ent lanes w ere used fo r 
the pu lv im ixer, snow su rface  hea ter, 8 - f t  ro ller, 
and sheepsfoot ro ller, w hereas only 2 equipm ent 
lanes w ere used fo r th e  w a te r  c a rrie r  and pontoon 
barge drag .
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Passes w ith  equipm ent combinations w ere made 
a t  2-h r  in terva ls  on Sections I and II, except when 
th e  end of the w o rk d ay  in tervened, causing a 
lengthening of th e  tim e in terva l. The time in terval 
betw een passes w ith  the equipm ent combinations 
used on Sections I II  and  IV  was increased to  15 h r 
and  24 h r , respectively , in an a ttem p t to  compen­
sate fo r  re la tive ly  high am bient tem peratures 
p resen t d u rin g  th e  stab ilization  of these strips.

T est d a ta  w ere collected on each section 2 h r  
a f te r  each pass w ith  the  equipm ent combinations 
and  24 h r , 1 w eek, and  2 weeks a f te r  completion of 
the  snow roads. The d a ta  included am bient a ir 
tem p era tu res; snow tem p era tu re ; type of snow; 
dep th  of snow ; snow density a t the surface and 
the  g ro u n d ; hardness of the snow surface using the 
hand  penetrom eter, CBR field testing apparatus, 
and  the  bearing  te s t fram e; and M ark II soil truss 
readings. D a ta  w ere as follows for tests on the  
various sections.

(1 ) Section I— P ulvim ixer and 8-F t Roller: The 
pu lv im ixer operated  w ith  ease, cu ttin g  about 12 
in. in to  the snow on each pass, and a good traffic - 
bearing  su rface  w as produced by following each 
pass im m ediately w ith  the 8- f t  roller. Tests in ­
d icated  th a t  the  density  of the entire  depth of snow 
w as increased un ifo rm ly , and no stratification was 
observed in the te s t cores. The surfaces were sub­
jected  to  hardness tests w ith  the hand-operated 
penetrom eter, CBR field testing  appara tus, and 
field bearing test fram e; b u t insufficient da ta  w ere 
ob tained fo r corre la tion .

The fa c t th a t  the  stab ilization  m ethod produced 
a good traffic-bearing  surface  was proved when, 
a f te r  20 continuous trip s  w ith  a jeep and 10 w ith  
an  em pty  GMC 2 V2-ton  6 x 6  cargo tru c k , the su r­
face w as only sligh tly  m arred ; good condition w as 
qu ick ly  restored  w ith  a single pass of the steel 
snow d rag . For g rea te r  wheel loadings, a C ater­
p illa r M odel-12 m otor g rader, tow ing a loaded 
low -bed tra ile r  w ith  a gross w eigh t of 26 tons, was 
m oved over th e  roadw ay . This caused only shal­
low  tire  depressions along the line of trave l, w hich 
w ere qu ick ly  rem oved w ith  the wooden snow d rag  
and 8- f t  ro ller.

( 2 ) Section II— P ulvim ixer, Surface H eater, 
and Sheepsfoot R oller: The surface produced on 
this section w as h a rd  and stable, and a m arked in ­
crease w as observed in the density of the entire  
snow cover over th a t  obtained in Section I, w ith  
g rea tes t increase near the  surface. The density of

th e  section con tinued  to  increase w ith  age. Sev­
e ra l objections to  using the snow surface heater as 
a piece of stab iliza tion  equipm ent w ere observed. 
T ow ing speed w as slightly  more th an  ha lf  as fast 
as the speed fo r m ost o ther pieces of stabilization 
equ ipm ent; con stan t operato r a tten tion  w as neces­
sary  to  assure a m axim um  o u tp u t of hea t; and con­
tin u a l repair and m odification w ere necessary for 
successful operation.

Ten trip s  w ith  a jeep and 10 w ith  an em pty GMC 
2^2-ton 6 x 6  tru c k  w ere m ade over Section II  be­
fore a m aintenance pass w ith  the steel snow d rag  
w as necessary to  restore the surface to  good condi­
tion. In  a single pass over the section, the m otor 
g rad e r and loaded 26-ton-gross low-bed tra ile r  
caused very  shallow  tire  m arks on the road.

(3 ) Section I II— Pulvim ixer, W ater C arrie r, 
and 8-F t Roller: The surface  density on the fin­
ished roadw ay w as very  high because of the added 
w a te r, b u t the low  density near the ground  in ­
dicated  th a t  even w ith  the aid of a pulvim ixer the 
w a te r  did no t pen e tra te  the snow completely. The 
toboggan on w hich the w a te r  ca rrie r was m ounted 
provided a sm ooth surface  to  receive the w a te r, 
and the pass w ith  the  roller was s ta rted  30 m inutes 
behind the c a rrie r  to  allow  fo r freezing. This delay 
p reven ted  adherence of the surface m aterial to  the 
ro ller. This section was stabilized in unusually  
w arm  w ea ther and  the traffic tests w ere incon­
clusive.

(4 ) Section IV— Pulvim ixer and Pontoon Barge 
D rag : The density  of this section was increased 
un ifo rm ly  w ith  each additional pass of the com­
bination of equipm ent. D u rin g  the construction  of 
the test strips i t  w as found necessary to  load the 
barge w ith  6,300 lb fo r good com paction. This 
load, w hich did no t cause the barge to plow into 
the processed su rface , a t times stalled the In te rn a ­
tional T -9  tow ing  tra c to r.

This section w as stabilized in unusually  w arm  
w ea ther, and traffic tests w ere inconclusive. The 
su rface  held up  w ell un der lim ited jeep traffic, b u t 
the unloaded GMC 2 1/4-ton  6 x 6  tru c k  and the 
m otor g rad er bogged down. M aintenance w ith  the 
pontoon barge d ra g  w as no t a t all sa tisfacto ry  be­
cause of its bu lk  and  lack  of m aneuverability .

From  all these d a ta  i t  is apparen t th a t  a com bina­
tion of ag ita tion  and  rolling appears to  be the most 
p rac tica l and effective means of stabilizing a snow 
road on the A rc tic  coastal plain. The best results 
w ere a tta in ed  d u rin g  the 1950-51 w in te r test sea-
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son w ith  a pu lv im ixer followed by an 8- f t  roller. 
The pu lv im ixer proved to  be an excellent device 
fo r p reparing  a su rface , and the ra tio  o f the 
diam eter of the ro ller to  the w eigh t perm itted  free 
rolling w ith o u t plow ing.

Using heat to  increase the density of a snow road 
is considered inefficient because of the large qu an­
ti ty  of heat lost to  th e  atm osphere and the  in ­
creased stab ilization  tim e. An ac tu a l evaluation 
of the benefits gained by using a su rface  heater is 
no t possible w ith  the d a ta  availab le; the benefits, 
how ever, are believed to  be small.

A dding w a te r  to  the su rface  has some effect, bu t 
in practice the test road  was no b e tte r  th an  the 
one bu ilt w ith  only the  pu lv im ixer and the roller. 
F u rth e r, w a te r  is a t  a prem ium  on the A rctic 
plains.

The pontoon d rag  is un sa tisfac to ry  as a piece of 
snow stab ilization equipm ent because of its size 
and w eight. M oreover, these same facto rs, w hich 
affect its m aneuverab ility , are also reasons fo r ob­
jecting  to  its use as a piece of m aintenance equip­
m ent.

The best m ethod of m ain ta in ing  a snow road is 
w ith  a w eighted steel o r wood fram e drag . E ither 
d rag  followed by the 8- f t  ro ller is very  effective in 
restoring  the surface  to  good condition.
3D2.03 TESTS AT CAMP HALE, COLORADO

In  1950 th e  B ureau  of Y ards and Docks u n d er­
took a series of tests, as p a r t  of a snow com paction 
program , a t Cam p H ale. The purpose of the tests 
was to develop techniques and equipm ent th a t 
could be used to  im prove the n a tu ra l  snow cover 
so th a t  it  w ould  become capable of supporting  
heavy-wheeled traffic. Cam p H ale is on Eagle 
R iver, AVi miles w est of the C ontinen ta l Divide. 
The snow depths and tem p era tu re  d a ta  fo r the  test 
period (la te  Ja n u a ry , 1950, to  m id-M arch, 1951) 
follow.

A verage snow dep th  17 in.
M axim um  snow dep th  30 in.

A verage tem p era tu re  17° F
M axim um  tem p era tu re  64° F
M inimum tem p era tu re  —28° F

The following equipment was used.
(1) 8 -ft-d iam , variab le-w eig h t snow roller
(2) Pontoon barge d rag
(3) Seaman’s 6-ft-w id e  pu lv im ixer
(4) Disk h a rro w
(5) 2 5 0 ,0 0 0 -B tu /h r gasoline heater

The pulv im ixer, h a rro w , and hea te r w ere e ither 
ski or toboggan m ounted , exerting  a m axim um  in ­
tensity  of pressure of 2 psi. O f th is equipm ent, the  
roller and pu lv im ixer w ere the  m ost effective in 
producing suitable snow surfaces.

The conclusions th a t  can be d raw n  from  these 
tests resolve them selves in to  a discussion of the 
effects of the m ultip le-pass p rocedure , a discussion 
of the relative m erits of the d ifferen t categories of 
com paction techniques, and a discussion of the  in ­
strum entation  used. I t  can be said th a t  the  m u l­
tiple-pass procedure is m ore effective th an  the 
single-pass fo r increasing the  density  and in m ost 
cases fo r increasing the  hardness. I t  appears th a t  
the use of the m ultip le-pass beyond the th ird  or 
fo u rth  pass is im practical.

A comparison of the  density  resu lts  obtained by 
the num erous techniques tried  shows th a t  the  v a r i­
ous techniques ra n k  in th e  follow ing order.

(1 ) D rag , pu lv im ixer, ro ller
(2) Roller, disk h a rro w , d ra g
(3) Roller (ba llasted )
(4) P ulvim ixer, ro ller
( 5 ) Roller
( 6 ) P u lv im ixer, d rag
(7) P ulvim ixer
( 8 ) P u lvim ixer, hea te r
(9 ) D rag

(10) Disk h a rro w
The first tw o  techniques successfully w ithstood 

lim ited traffic o f a 4 -to n  6 x 6  A rm y w reck ing  
tru c k . Strips co n stru c ted  by the  o ther m ethods 
were not tested by sub jection  to  traffic.
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Section 3. SN O W  AIRFIELDS

3D3.0I CONSIDERATIONS

1. GENERAL. Snow on airfields m ust either be 
rem oved a t  once, com pacted and then removed, or 
com pacted and  preserved. In  areas w here snow­
falls are very  heavy, snow m ay be com pacted or 
rem oved com pletely from  the runw ays. I f  re ­
moved, rem oval is u su ally  begun as soon as the snow 
can be picked up  by a blade (par. 1 of 4C 2.03). 
A ttem pts a t com paction are  useless in areas of fast 
and com plete b reak u p  by sudden th aw , because 
slush does no t com pact. In  areas w here one or more 
snow falls m ay prove too heavy fo r complete re ­
m oval a t  once, th e  snow is o ften  com pacted to  keep 
the  fac ility  in operation , and as soon as possible 
a f te r  the  sto rm  i t  is rem oved. In  areas w here tem ­
p era tu res  are  low enough to  m ain tain  a com pacted 
su rface , new ly fallen  snow is preserved and com­
pacted  as i t  falls. In itia l com paction should be 
done by ro lling  only, p referab ly  in increm ents of 
2 to  3 in. of snow. I f  th e  surface of the snow is 
d rif te d  and  uneven, i t  should be w orked w ith  a 
lig h t d rag  before ro lling . A fte r  each successive 
layer of new  snow has been completely rolled, the 
com pacted su rface  should be allowed to  set fo r 10 
to  20 hours before being used, although  often  this 
cu rin g  in te rv a l can  no t be allowed because of fre ­
quency of traffic.

I t  is advisable to  com pact the airfield in itia lly  
to  the w id th  o f the ru n w a y , then com pact fo r some 
distance on e ither side o f the ru n w ay  w ith  a 
g rad u a l fea th erin g  o u t a t  the edges. Continuous 
d ragg ing  and  ro lling  are  necessary to  m ain tain 
hard , level surfaces and  p reven t d rif tin g  in areas 
w here snow is ligh t and  steady w inds prevail. A t 
tem p era tu res above 21 ° F, snow m ay adhere to  the 
roller and tra c to r  p la te  surfaces. A coating of shel­
lac helps p rev en t th is condition. Experience a t

N PR -4, Point B arrow , indicated  th a t  the m ost 
sa tisfacto ry  drags fo r n o rth e rn  coastal areas of 
ligh t snow are b u ilt on the principal of a land 
leveler and should be from  20 to  30 f t  long. Large 
tra c to rs  can  handle d rags w ith  a w id th  of 16 f t .  
This type of d rag  is equipped w ith  runn ers  a t its 
fo u r corners. A vertica l blade plate is m ounted a t 
the m iddle of the d rag  fo r the fu ll w id th . The b o t­
tom  of the p late  should be a t  the same elevation as 
the runners.

As m entioned in par. 3D 1.04, com paction equip­
m ent and techniques differ in areas w here snow is 
used as a fill m ateria l, as i t  is on the A rctic  coastal 
plains, from  those used in areas of deeper snow 
w here snow is processed in  its n a tu ra l position. 
Com paction in the la t te r  areas involves m uch more 
w o rk  and equipm ent th a n  i t  does in the form er and 
provides m ore in fo rm ation  on the fac to rs  th a t  gov­
ern  snow com paction.

2. VISIBILITY. Good ligh ting , good m ark ing  
of runw ays and approaches, and good nav igational 
aids are o f u tm ost im portance on snow-covered 
landing fields, p a r ticu la r ly  in sections of ligh t snow 
and  extrem e cold. In  such areas, w inds of 10 to  
15 m ph are sufficient to  move snow and cause very  
lim ited visibility  fo rw ard , b u t w inds of 33 to  40 
m ph w ill cover the land ing  field to  a height of 30 
f t  w ith  flying snow and reduce visibility over the  
field to  zero.

3. H EA TED  SHELTERS. W arm  shelters th a t  
m ake possible the m aintenance of a irc ra f t d u rin g  
prolonged stays a t the airfield are m ost im portan t. 
A irc ra ft, if  le f t o u t in extrem e cold fo r an  extended 
period, are very  ap t to  develop unforeseen failures 
in  im p o rtan t com ponents a f te r  tak in g  off, p a r­
ticu la rly  in  hy d rau lic , electronic, and electrical 
systems. Such equipm ent should be m aintained a t 
near-norm al tem pera tu res a t all times.
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PART E. CONCRETE PRACTICE

Section I. LOW-TEMPERATURE CHARACTERISTICS

3EI.0I GENERAL

The placing and  cu rin g  of concrete in the  Cold 
Regions presents th e  same basic problems as the  ac­
com plishment of sim ilar w o rk  in the colder sections 
of the  Tem perate Zone. (R ef. 10, Section 8.) If  
adequate preparations are m ade, concrete can  be 
successfully placed and cured  a t  extrem ely low 
atm ospheric tem pera tu res, and i t  is probable th a t 
un der such conditions h a rm fu l influences to  the 
u ltim ate  s tren g th  o f the concrete are caused more 
often by overheating, d u rin g  the pouring  and  c u r­
ing period, th an  by low  tem p era tu re . Experience 
indicates th a t dam age from  freezing is m ost likely 
to  occur du ring  th e  early  fa ll w hen sudden freez­
in g  tem peratu res m ay no t be an tic ipated  and  when 
freshly poured concrete is allow ed to  rem ain u n ­
pro tected  fo r a sufficient leng th  of tim e to  cause 
perm anent loss of streng th .

3EI.02 EFFECT OF FREEZING ON STRENGTH 
OF CONCRETE

W hen fresh  concrete freezes, the  expansion re­
su ltin g  from  th e  w a te r  freezing causes separation 
of the solid partic les and reduction  of th e ir  bond. 
I f  concrete is frozen  im m ediately a f te r  p lacing b u t 
is la te r  exposed to  favorab le  cu rin g  tem peratu res, 
the concrete m ay a tta in  a s tren g th  of 50 percent 
of th a t  of un frozen  concrete o f th e  same age. The 
fa c t th a t  concrete m ay have rem ained frozen for 1 
day, or fo r 7 days, seems to  m ake little  difference 
in the s tren g th  i t  u ltim a te ly  a tta in s . D ry  concrete 
w hen frozen suffers less dam age th an  w et con­
crete . There is li ttle  difference in  resistance to  
freezing betw een a rich  m ix and  a lean m ix. Con­
crete  th a t  is re la tive ly  d ry  (2 -in. slum p) m ay be 
frozen solid w ith  only a sm all loss of s tren g th  if  
cu red  a t 80° F fo r 24 hours before freezing, fol­
lowed by 3 weeks of cu rin g  a t  th e  same tem pera­
tu re . Concrete of h igher slum ps requires a longer 
cu rin g  period before i t  can  be frozen w ith o u t 
h a rm fu l loss of s tren g th . I f  i t  is found  th a t  poured

F IG U RE 3E1-1
Effect of Curing Temperatures I Ref. 961

F IG U RE 3E1-2

Gain in Strength After Freezing I Ref. 961
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concrete is frozen , and if  tim e w ill perm it, i t  is ad ­
visable to  sub ject the concrete to high curing  tem ­
p era tu res  fo r 3 weeks or m ore, tak ing  care to pre­
v en t evaporation  d u rin g  the curing  period. The 
u ltim a te  s tren g th  a tta in ed  w ill depend prim arily  
on the am ount of m oisture in the concrete and the 
am ount of set i t  had a tta ined  prior to freezing. 
(See Figures 3E1-1 and 3E1-2.) In  general, it is 
no t safe to  expose concrete to  freezing tem pera­
tu res  a t early  periods. (R ef. 95.) W hen such freez­
ing does occur, the dam age m ust be carefu lly  as­
sessed in term s of s tren g th  requirem ents.

3EI.03 RECOGNITION OF FROZEN CONCRETE

Fresh concrete th a t  has been frozen usually  tu rn s  
w hite , b u t concrete th a t  is one or tw o days old and 
no t frozen w ill re ta in  its d a rk  gray  color in cold 
w ea ther fo r several days. O lder concrete, however, 
m ay have the appearance of adequate streng th  
w hen in rea lity  it m ay be frozen. Concrete th a t 
has been exposed to freezing tem peratures should 
be tested by placing a sample in hot w a te r or over a 
stove. I f  it  is frozen, it  w ill quickly disin tegrate; 
if  not frozen, the heat w ill cause no change. (Ref. 
96.)

Section 2. PROTECTIVE PRACTICES

3E2.0I ENCLOSURES

1. TYPES. Rapid tem p era tu re  changes and ex­
trem e tem p era tu res should be anticipated  in pre­
parin g  fo r concrete operations du ring  fall and 
w in te r. The w o rk in g  area should be enclosed so 
th a t  a ir su rro u n d in g  the form s and exposed con­
crete  m ay be heated  to  proper curing  tem peratures. 
T em porary  enclosures m ay consist of tarpau lin s 
a ttached  to  wood fram ew o rk  constructed  to allow 
am ple w ork ing  space, or they m ay be bu ilt of ply­
wood panels fab rica ted  for easy erection and dis­
m antling  fo r use a t o ther locations. Extensive 
foundations w ere recently  constructed  a t Fair­
banks, A laska, inside an enclosure consisting of 
double panels of % -in. plyw ood separated by one 
ply of heavy bu ild ing paper. Concrete was ad­
m itted  to  the w o rk in g  area by low ering a bucket 
by crane th ro u g h  a slide door in the roof. A lthough 
the outside tem p era tu re  was —50° F on the day of 
pouring  and fo r some tim e th e rea fte r , the tem pera­
tu re  inside the enclosure w as easily m aintained a t 
50° F by o il-bu rn ing  salam anders supplem ented by 
th ree  gaso line-burning h o t-a ir  heaters of 250,000- 
B tu /h r  capacity . Panels of this type are not as 
susceptible to  destru c tio n  by fire or w ind as are 
ta rp au lin s ; th e ir  in su la ting  value is m uch better, 
and the a ir tem p era tu re  can be m uch more closely 
controlled. (See F igures 3E2-1 and 3E2-2.)

2. H E A T IN G . Enclosures are usually  heated 
by oil- or coke-burn ing  salam anders, portable hot­
a ir heaters, or steam . W hen salam anders or gaso­
line heaters are used, am ple ventilation m ust be 
provided. Vents m ust be ca re fu lly  located to pre­
ven t wide v aria tio n  in tem p era tu re . H eating  units 
should not be located so close to  the forms th a t  they

cause rapid  dry ing , are a fire hazard  to form s or 
canvas, or cause discoloration from  the smoke. 
Legs of salam anders should be set over sheet m etal 
w ith  several inches of w et sand under the m etal. 
T em pera tu re  varia tion  w ith in  the enclosure w ill 
endanger the concrete, p a rticu la rly  d u ring  ex­
trem ely cold w eather. W ide spaces between the 
concrete and the w alls of the enclosure are advis­
able, and heating  un its  m ust be carefu lly  placed 
and of sufficient capacity  to  p ro tect the concrete 
nearest the outside walls. A dditional heat should 
be added on the w indy side.

Steam is a p re fe rred  source of heat for concrete 
operations. I t  provides no fire hazard ; control of 
tem p era tu re  w ith in  the enclosure is easier; m oisture 
can be supplied to  the a ir as required ; and steam 
jets can qu ick ly  remove fro s t from  form s, rein­
forcem ent, and the ground . H eaters should be 
placed horizon tally  so th a t  vertica l lines can be 
coupled to them  as necessary. Live steam , if a l­
lowed to escape in to the enclosure, w ill provide 
w arm , hum id a ir, w hich is excellent for curing.

3. H E A T  FROM H Y D R A T IO N . F requently  
the heat generated  by hy d ra tio n  of the cem ent is 
sufficient to  p reven t freezing of concrete w ith ou t 
artificial heat. H eavy footings placed a t 70° F and 
p ro tected  by the su rro un d in g  earth , except on top, 
w ill usually  be safe from  freezing a t tem peratures 
as low as 15° F if a ta rp a u lin  is placed over the 
top w ith  an airspace betw een the ta rp au lin  and the 
concrete. Mass concrete placed a t 70° F can be 
pro tected , by wood form s of % -in. sheathing, down 
to abou t 20° F if  the corners, edges, and exposed 
surfaces are p ro tected  by double sheathing, insula­
tion board , or ta rpau lin s. In  tu n d ra  areas moss can
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FIGURE 3E2-1
Plywood Panels Protecting Construction  of Telephone Exchange Building, Fairbanks, A laska  

IC o n c re te  poured and  block wall erected at — 50° F I

be used to re ta in  the  heat resu lting  from  h y d ra ­
tion. P ro tective coverings should be ready  for 
placem ent im m ediately a f te r  the  concrete is poured 
to  reduce hea t losses to  a m inim um . ( Ref. 96.)
3E2.02 HEATING THE MATERIALS

1. TEM PERATURE OF CO N CR ETE A T  TIME 
OF PLACING. Because aggregates usually  contain 
m oisture, they  m ust be heated  a f te r  exposure to  
freezing tem peratu res. M aterials should be thaw ed, 
even a t a ir tem p era tu res above freezing, if  the  ag­
gregates have been exposed to  low  tem p era tu res for 
an  extended period im m ediately p rio r to  th e ir  use 
in  concrete. Coarse agg regate  is freq u en tly  dry 
and  a t m oderate tem p era tu res o ften  need no t be 
heated; if, how ever, i t  has been stored fo r some 
tim e a t  low tem p era tu res, i t  is advisable to  heat 
the  coarse agg regate  as w ell as the sand. Concrete 
w hen placed should have a tem p era tu re  of n o t less 
th an  70° F o r m ore th an  80° F. M any specifica­
tions allow a m axim um  tem p era tu re  of 100° F a t 
the  tim e of p lacing; the  up per lim it of 80° F, how­
ever, is recom m ended because tests show th a t  tem ­

p era tu res h igher th an  th is re su lt in  low er streng ths. 
There is a w ide tendency  to  overheat the  ag­
gregates, and  th is o ften  resu lts  in  concrete tem ­
pera tu res th a t  a t  th e  tim e of placem ent are  too 
high.

T em peratures above 100° F accelerate the early  
hydration  of a cem ent and  produce concrete of 
high streng th  a t  early  stages. H ow ever, upon 
cooling, such concrete m ay have a tendency to  
crack , and in some cases i t  suffers loss of s tren g th  
a t la te r stages. {Ref. 95 .)

2. TEM PERATURE OF AGGREGATES A N D  
W ATER. M any specifications requ ire  th a t  agg re­
gates be heated  to  tem p era tu res  betw een 70° and 
15 0 ° F and th a t  w a te r  be heated  to  tem p era tu res 
betw een 130° and  150° F. The P o rtlan d  Cem ent 
Association, in its  b u lle tin  N o. St 21, recom m ends 
a m axim um  w a te r  tem p e ra tu re  of 175° F, a lim it 
th a t  is placed because o f th e  danger of causing a 
qu ick  or flash set of the  cem ent. This bu lle tin  sug­
gests the follow ing fo rm u la , w h ich  m ay be used fo r 
estim ating the  tem p e ra tu re  of m ixed concrete.
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FIGURE 3E2-2
In terior of Building Show n in Figure 3E2-1 (Temporary covering rem oved for erection  

of steel root deck and later replaced for pouring concrete root slabl

W t  O . Z Z W 't '

“  W +  0 .22W'

W  =  w eigh t of w a te r  (lb )
W ' =  w eigh t of solids (cem ent and aggregates, lb) 
t  =  tem p era tu re  o f w a te r  (°F )

=  tem p era tu re  of solids (°F )
X  = tem p era tu re  o f m ixed concrete (°F )

The average specific heat of the solid m aterials 
m ay be assum ed to  be 0.22, and the w eight of one 
sack of cem ent 94 lb. A n exam ple indicating the 
use of th e  fo rm u la  follow s (R ef. 96 ).

Assume a m ix w ith  210 lb sand, 320 lb gravel, 
and 50 lb (6 gal ) to ta l of w a te r, 10 lb of w hich is 
in trodu ced  w ith  th e  sand. Assume tem peratu re  of 
m ateria ls  equals 45° F, and th a t  of w a te r  170° F; 
w a te r  added equals 50 — 10, or 40 lb. Then

X =
40 X 170 +  10 X 45 +  0 .22(94  +  210 +  320)45 

50 +  0.22 X 624
=  72° F

I t  w ill be no ted  th a t  only the  w a te r  added w as

heated to  170° F. The w a te r  in the aggregates had 
the  same tem p era tu re  as the aggregates themselves.

3. H E A T IN G  AGGREGATES W IT H  STEAM. 
A ggregates can be heated efficiently by steam 
points of the type used in thaw ing  frozen ground 
(p a r. 1 of 3C1.02) or by placing perfo ra ted  or 
loosely covered pipes un der the aggregate piles. 
These coils should be placed a t  closer centers under 
the  sand th an  un der the coarse aggregates. The 
am ount of steam  required  depends on the  atm os­
pheric tem pera tu res, the  m ethods of sto ring  the 
aggregates, and the ra te  of concrete required  per 
h r . A m inim um  boiler capacity  of 50 hp is usually  
necessary on jobs w here the  pouring ra te  ap­
proaches 20 cu  yd  per h r. Steam pressures betw een 
60 psi and 100 psi are custom ary. Portab le th aw ­
ing boilers are  sa tisfac to ry  fo r small jobs.

4. H E A T IN G  AGGREGATES W IT H  W OOD 
FIRES. A ggregates are  often  heated by piling 
them  over large-d iam eter pipes in w hich wood 
fires have been b u ilt. W hen m aterials are heated 
in th is m anner, th ere  is a tendency to  overheat 
some portions and  neglect others, producing wide

3-43



variations in tem pera tu re  of the concrete. Care 
m ust be exercised th a t  m aterials in the pile are 
shifted frequently . A ggregates should be heated 
the day before they are to  be used and should be 
protected  overnight. T arpaulins placed over the 
aggregates help in conserving heat.

5. H E A T IN G  M IX IN G  W ATER. Mixing 
w a te r  is p referab ly  heated by in jecting  live steam 
into the auxiliary  ta n k  connected to  the w ater- 
m easuring tan k . W hen steam  for this purpose is 
not available, w a te r  m ay be c ircu la ted  th rough  
pipe coils heated by wood fires.

6. O IL-B U RN IN G  HEATERS. O il-burning 
heaters are sometimes used to heat w a te r  or to  heat 
concrete by d irecting  an open flame in to the con­
crete m ixer. This m ethod is not recommended ex­
cept in mild w eather w hen it is not necessary to 
heat the aggregates.
3E2.03 CURING

Responsible supervision is requ ired  du ring  the 
curing  period to keep the heating un its in opera­
tion and to provide fire protection. A perm anent 
record should be kep t th a t  should show fo r each 
hour the outside tem p era tu re  and tem peratures 
a t various locations w ith in  the enclosure. Im m er­
sion therm om eters placed in the concrete a t critical 
points close to  horizontal and vertica l surfaces are 
helpful in obtaining proper heat d istribu tion . Tem ­
peratu res w ith in  the enclosure should be m ain­
tained between 70° and 80° F for the first 3 days, 
or above 50° F for the first 5 days a f te r  placing 
the concrete, w hich should not be exposed to 
freezing tem peratu res u n til it  has obtained 80 per­
cent of the s treng th  fo r w hich it was designed. If 
h igh-early-streng th  cem ent is used, a tem pera tu re  
of 70° to  8 0 ° F  for 2 days or 50° F for 3 days 
should be m ain tained; how ever, the concrete 
should be protected  from  freezing tem peratu res for 
a longer period, as in the case of norm al concrete. 
Application of w et fabrics or sprinkling of the 
concrete surfaces and form s w ith in  heated en­
closures is freq uen tly  not p racticable. The forms 
are effective in preserving m oisture w ith in  the

concrete and should be le f t on as long as possible. 
Exposed surfaces of the  concrete should be sealed 
w ith  an im pervious cu rin g  com pound. I f  a boiler 
is available, a favorab le  hum id ity  w ith in  the en­
closure can be m ain tained w ith  steam  jets.
3E2.04 DEFROSTING

Flam e-throw ing oil heaters or a steam  je t m ay 
be used to defrost the reinforcem ent and the in ­
terio r of form s before placing concrete. A steam  
jet is preferable because all sections of the form s 
can be reached and the  steam  provides m oisture as 
well as heat. Open-flam e heaters m ust be ca re fu lly  
handled to avoid se tting  fire to  the form s.
3E2.05 ANTIFREEZE COMPOUNDS AND 

ADMIXTURES

Using salts, chem icals, or o ther foreign m aterials 
to lower the freezing point of concrete is no t 
recommended. The am ount of any of these m ate­
rials required for appreciable tem p era tu re  red u c­
tion is so large th a t  the  s tren g th  of the concrete 
is seriously reduced and flash set m ay resu lt. C al­
cium chloride can often  be used advantageously  to  
reduce the cu rin g  tim e. I f  i t  is used, quan tities 
should be lim ited to  2 pounds of calcium  chloride 
per sack of cement. C rysta ls m ay be added to the 
batch w ith  the aggregates, or the m aterials m ay be 
dissolved in the m ix ing w a te r  before placing. I t  
should be noted th a t  heating  the w a te r  speeds the 
ra te  of set of concrete, and care should be tak en  
th a t acceleration due to  the com bination of calcium  
chloride and heat is no t so rap id  th a t  the concrete 
can not be properly handled . T here is no conclu­
sive evidence to ind icate  th a t  a sm all add ition of 
calcium chloride to  concrete  has any corrosive effect 
on steel reinforcem ent. C oncrete in the Cold 
Regions is subject to very  severe cycles of a lte rn a te  
freezing and thaw ing  and  should, therefore , be as 
durable and w a te r t ig h t as possible. Using a ir-en ­
tra in ing  agents to  increase d u rab ility  is usually  
desirable; the proper p lacem ent, how ever, and the 
use of low w a te r/c e m e n t ratios is equally  im por­
tan t. (Ref. 96.)
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Section 3. FIELD PRACTICES

3E3.0I PLANNING

I f  w in te r  concrete  operations are planned, the 
type of enclosure and  th e  locations of openings for 
concrete  placem ent should be determ ined in ad­
vance so th a t  the  agg reg ate  piles and other com­
ponents o f the  m ixing p la n t can be properly placed. 
In  cold w ea th e r an  efficient, w ell-balanced opera­
tion  is extrem ely  im p o rtan t to  keep delays to a 
m inim um . T he m ixer-charg ing  and concrete­
hand ling  facilities should be adequate to  keep the 
m ixer going a t  its fu ll  capacity , and the pouring 
schedule should be ca re fu lly  planned. The size of 
th e  m ixer should be adeq uate  to  provide the y a rd ­
age requ ired  in the  tim e available.

3E3.02 PLACING

C oncrete barrow s and  buggies are difficult to  
w heel in  extrem ely  cold w ea ther, and ample addi­
tional lab o r to  assist in  pu lling  these vehicles, pa r­
tic u la r ly  on inclines, should be provided. Inclined 
ram ps should be k ep t clear of snow and ice and 
should be sanded. A ll com ponents of mechanical 
placing systems (inc lud ing  hoppers, buckets, 
chu tes, and  spouts) should be kep t free o f ice d u r­
ing p lacing operations, and  entrances to  the en­
closure should be prov ided w ith  easily operated 
doors to  avoid delay in placing.

C ablew ays, belt conveyors, chutes, and concrete 
pum ps are  no t recom m ended for ou t-of-door use in 
co ld-w eather operations. The best placing system 
un d er such conditions, if  the size of the job w ill 
ju s tify  it ,  is a t ru c k -  o r trac to r-m o un ted  crane 
th a t  can rap id ly  tra n s fe r  th e  concrete bucket from  
th e  m ixer to  the  p o u rin g  area. Such a bucket 
should p re fe rab ly  be low ered in to  the enclosure 
and discharged d irec tly  in to  portab le hoppers 
placed over the  form s o r in to  w heelbarrow s or 
buggies fo r  d is trib u tio n  of the concrete.

3E3.03 MIXING CYCLE

A m ixing cycle of 3 m in, assum ing a m inimum 
m ixing tim e of 1 m in, is average fo r sum m er 
operations, b u t i t  is difficult to  a tta in  in cold 
w ea ther because of reduc tio n  in efficiency of men 
and  equ ipm ent and  add itional w o rk  involved in 
heating  th e  m ateria ls  and  perform ing other tasks 
necessitated by th e  circum stances.

3E3.04 LIGHTING

A dequate ligh ting  of th e  outside operational area 
should be provided in w in te r  because of the long 
hours of daytim e darkness d u rin g  this period.
3E3.05 STOCKPILING AND STORING 

MATERIALS

W hen possible, the coarse aggregate  should be 
stockpiled closer to  the  m ixer th an  the sand be­
cause m ore coarse agg regate  th an  sand m ust be 
handled fo r each m ixing cycle. Cem ent should be 
stored in a w ea th e rtig h t shed u n til tran sp o rted  to  
the m ixing p lan t im m ediately p rio r to  pouring.

I f  the aggregates are  stored in  a cen tra l m ate ­
rials y a rd  and hau led  in ba tch  tru c k s  to  the m ixer, 
advance m easurem ents are advisable to  assure th a t  
the tru c k  bed is sufficiently high to discharge 
d irec tly  in to  the m ixer hopper. In  cold w eather, if 
ba tcher bins are used, hea t should be provided in 
them  by placing steam pipe coils in the bins or by 
placing pipes on the outside of the bins connected 
to  steam  jets extending in to  th e  in te rio r of the bins.
3E3.06 CONCRETE FROM CENTRAL 

MIXING PLANT

I f  concrete is ob tained from  a cen tra l m ixing 
p lan t by tran sit-m ix  tru c k s , provision fo r heating  
the aggregates a t the p lan t and the w a te r  on the 
tru c k  m ust be m ade. Efficient receiving facilities 
a t the site are requ ired  to  avoid delay in tra n s ­
fe rrin g  concrete from  the  m ixer tru c k . C erta in  
types of tran sit-m ix  vehicles can no t discharge 
d irec tly  in to  la rge-capacity  concrete buckets, ex­
cept from  ram ps, unless holes fo r the buckets are 
du g  a t the receiving points. Dimensions of all types 
of tru c k s  to  be used on p a r tic u la r  pouring jobs 
should be ascertained and  receiving points d e te r­
mined fa r  enough in  advance of the operation so 
th a t  p roper p reparations can be m ade fo r rap id  
discharge from  the tru c k s  to  the  receiving bu cket. 
P a rtic u la r  care m ust be tak en , in using concrete 
from  a cen tra l m ixing p lan t, to  avoid segregation 
of m ateria ls in the b a tch  and to  place concrete in 
the form s before i t  has a tta in e d  in itia l set.
3E3.07 VIBRATION

Using v ib ra to ry  equipm ent is p a r tic u la r ly  ad ­
visable w hen pouring  concrete un der co ld-w eather
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conditions, because i t  allows the  use of d rie r mixes, 
w hich are less sub ject to  freezing. The m ix, how­
ever, should no t be so d ry  th a t  i t  can no t be han­
dled properly  in the equipm ent and  form s. Spare 
v ib ra to ry  equipm ent should be provided fo r emer­
gency. In  cold w ea ther, electric equipm ent is 
p referab le, a ltho ugh  gas equipm ent is o ften  used 
and m ay be advisable fo r standby  service in case of 
pow er fa ilu re .
3E3.08 TEST CYLINDERS

Field contro l cylinders, tak en  du ring  the pour, 
should be cured  u n d er conditions represen tative of 
the concrete th a t  has been placed.
3E3.09 FORMS AND REINFORCEMENT

W hen possible, form s are usually  fab rica ted  a t 
the carpen te r shop and hau led  in tru ck s  to  the site 
fo r erection. R einforcing steel is usually  shipped 
to  the job in long lengths (40 to  60 f t )  and bent 
on the job. A t isolated areas the  leng th  of re inforc­
ing bars is usually  lim ited to  40 f t  unless they  m ust 
be transp o rted  by plane, in w hich case they  are c u t 
in to  shorter lengths. C onstruction  of com plicated 
form s and placem ent of reinforcing  steel in ex­
trem ely cold w ea ther is difficult, and i t  is often 
advisable to  co n stru c t the enclosure, w hich w ill 
p ro tec t the concrete, early  enough to  m ake pos­
sible its use d u rin g  the construction  of the forms. 
Ample ligh t as w ell as sufficient hea t to  m ain tain 
a com fortable w ork ing  tem p era tu re  should be pro­
vided w ith in  the enclosure.

Forms, w hen p re fab rica ted  in a w arm  shop from  
lum ber th a t  has been stored ou t-of-doors du ring  
cold w ea ther, should be re tu rn e d  to  cold storage 
a f te r  fab rication . U nder such conditions, if  lum ­
ber is allowed to  rem ain in a w arm  room, i t  often 
dries to less th an  one percen t m oisture (p ar. 4 of 
2A 9.01). I f  wood dries a f te r  the  nails are driven, 
the nail-holding pow er is o ften  seriously reduced.

For form s, it  is a common prac tice  to  use lum ber 
th a t  has been purchased fo r o ther purposes in the 
construction  of the building. Boards th a t  w ill be 
used for underflooring and roof or w all sheeting 
m ay be used fo r form boards. S tudding  ordered for 
partitions is used as form  studs, and m aterial 
ordered fo r form  rangers or w aters is o ften  used 
fo r s tudd ing  o r fo r  scaffold supports. Form  studs 
seldom have to  be o f un iform  heigh t, and  to  save 
w aste they should be le ft a t  random  lengths. I t

m ay be necessary to  c u t an occasional s tu d  if  i t  in ­
terferes w ith  p o u rin g  operations. Square-edged 
boards are p referab le , w hen lum ber m ust be sal­
vaged, because form s b u ilt of such m ateria l can be 
dism antled w ith  little  breakage. The boards seal 
nicely and a good concrete  su rface  can be secured. 
T ongue-and-groove sheeting is h a rd  to  dism antle 
w ith ou t breakage, b u t  such boards are re la tively  
cheap and hold to g e th er w ell if  sections m ust be re ­
used. N arro w  boards, 6 to  8 in. w ide and 7/s  in. 
th ick , are preferab le  to  w ide boards because they  
have less tendency to  w arp .

Plywood panels a re  w idely used in u rb a n  areas 
w here appearance is an  im p o rtan t fac to r, b u t th e ir  
high cost fo r use in  form s is o ften  no t w a rra n te d  
in isolated sections. D ouble-headed nails used in 
form  construction  m ake d ism antling  possible w ith  
a m inim um  of loss. Reuse of lum ber fo r form s or 
o ther purposes is alw ays advisable. In  w in te r  con­
crete operations, how ever, i t  is freq u en tly  ad ­
vantageous to  c o n s tru c t a t  one tim e all of the  
required  form s, even a t  the  sacrifice of some form  
lum ber, so th a t  all concrete can  be poured and 
cured  in one op era tin g  period.

Form  construction , h a rd w are , and  reinforcem ent 
bending and p lacing m ethods are  the  same as those 
used in the T em perate  Zone. Pow er equipm ent fo r 
fab rica ting  form s and  fo r c u ttin g  and bending re in ­
forcem ent is usu ally  advisable in all except the 
smallest jobs. C are should be tak en  th a t  the  elec­
tr ic a l characteristics of such equipm ent are the 
same as those of th e  pow er available.
3E3.IO MASONRY

Foundations co n stru c ted  of m asonry, as w ell as 
those b u ilt of concrete , do no t have w ide applica­
tion in the Cold Regions because of th e ir  inab ility  
to resist tension and  shear. M asonry su p e rs tru c ­
tu re  and concrete block are  w idely used because of 
th e ir  good in su la tin g  and  fire-resistive qualities. 
Clay bricks are seldom used, because they m ust be 
im ported a t considerable expense; concrete block, 
b rick , and tile  o rd in a rily  can be m an u fac tu red  
locally. The usu al m asonry con struc tion  in  the 
Cold Regions consists of 7% " x  8" x 16" concrete 
blocks laid up  w ith  cem ent m o rta r  to  w hich  h y ­
d ra ted  lime, in p rop ortio n  of 5 to  10 lb  per sack 
of cem ent, has been added to  im prove w o rk ab ility . 
Masonry construc tion  can be accomplished d u rin g  
cold w ea ther w ith in  heated  enclosures o f th e  type 
used in p ro tec tin g  concrete. T he sand should be
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com pletely th aw ed , and  the  tem pera tu re  inside the 
enclosure should be m ain tained a t a m inim um  of 
50° F fo r a t  least 5 days a f te r  the m asonry has been 
laid . Exposed m o rta r  jo in ts on the side facing the 
enclosure w all w ill be in  danger of freezing in ex­
trem ely  cold w ea ther if  add itional heat in th a t area 
is no t provided. W ith  an  average tem pera tu re  of 
50° F inside th e  enclosure and  an outside tem pera­
tu re  of — 20° F, m o rta r  in  m asonry w ith in  2 f t  of

the enclosure w all m ay be exposed to  tem peratu res 
below freezing. W hen construc ting  m asonry w alls 
w ith in  enclosures, masons usually  lay up  from  the 
inside w here m ore w ork ing  space is available. P rop­
erly  pointing all jo ints on outside walls un der these 
circum stances is difficult. A w ide, w ell-lighted, and 
w ell-heated area  betw een the w o rk  and the en­
closure w all usually  resu lts  in a b e tte r pointing job 
and reduces the danger of the m o rta r freezing.

3-47



PART F. ICE AIRFIELDS

Section I. ICE CHARACTERISTICS

3FI.0I GENERAL

A irstrips on ice are highly desirable, from  the 
standpoin t of m ilita ry  s tra teg y , fo r increasing 
the versa tility  and  m obility  of a irc ra f t in  the Cold 
Regions. The feasibility  of these a irstrips has been 
established by the  com bined experience of various 
a ir  operations and scientific investigations th a t 
have been conducted  in P olar areas w ith in  the past 
th ir ty  years. A landing s trip  on ice m ust be so 
located as to  satisfy  ce rta in  tac tica l and operational 
requirem ents, and the  ice m ust be smooth and have 
sufficient s tren g th  to  support the using a irc ra f t.
3FI.02 ICE FORMATIONS

1. TYPES. T hree general types of ice offer 
suitable locations fo r a irs trip s:

( 1 ) S a lt-w a te r ice
(2) Lake and r iv e r ice
(3) Land ice

Each occurs in  different areas, has w idely d if­
feren t characteristics, and presents different prob­
lems. A ccording to  its concentra tion , sa lt-w a te r  ice 
m ay be broken dow n in to :

(1) Polar pack  ice
(2) D r if t  ice
(3) Fast ice
(4) Ice foot

2. SUITABILITY FOR L A N D IN G  STRIPS.
a. Polar Pack Ice. T he A rctic  pack  ice is a

floating icecap occupying abo u t 70 percen t of the 
A rctic  Ocean. A long the  edges of the pack  and for 
20 to  30 miles in w ard  the ice is more broken and 
hum m ocky th an  in the cen tra l regions. Pressures 
on the pack ice are highest near the shore, and 
peaks m ay pile up  to  60 or 70 f t  above sea level. 
F ar from  land these peaks probably  do no t exceed 
40 f t. In  the cen tra l p a r t  of the P olar icecap, 
years of w ea therin g  of old ice, w hich has not re ­
cently  been sub jected  to  pressure sufficient to  cause 
hum m ocks, have rounded  the  orig inal roug h  su r­
faces and fla ttened  the sm all jagged ridges into

areas th a t  are gen tly  ro lling  o r possibly sufficiently 
smooth to  perm it, w ith  some leveling, a irc ra f t  
landings. I t  has been estim ated  th a t  areas in the 
A rc tic  pack th a t  are  su itab le  as a irs tr ip  isites fo r 
ligh t- and m edium -w eigh t planes compose app rox i­
m ately 5 percen t of the  pack  ice. S urface  areas 
suitable for a irs trip s  fo r heavy  planes represen t a 
m uch sm aller percentage. (R ef. 21.)

In  A n ta rc tica , sea ice su rro un ds the con tinen t. 
The ice moves a ro u n d  and  o u tw a rd  and ga thers in 
a belt form ed by the  m eeting of sou thw esterly  and 
no rthw esterly  w inds in  the v ic in ity  o f the 60 th  
parallel. In  the A n ta rc tic  i t  is u n usu a l fo r  sea ice 
to  be more th an  one o r tw o  years old. T he d r if t  in 
both the W eddell and  Ross Seas carries th e  pack 
o u t in to the open oceans in  a little  over a year. 
(R ef. 97.)

Ice* pools on pack  ice are  usually  re la tively  
young, form ed m any miles from  the m arg in  of the 
pack, and freq u en tly  suitab le  fo r land ing  sites. 
Such areas u su a lly  have m axim um  stab ility , and 
the pools can be read ily  distinguished from  the 
air.

Pack ice, u n d er the influence of various forces, 
is constan tly  being f ra c tu re d , opening cracks or 
leads. Such areas of open w a te r  m ay exist even in 
the vicin ity  of th e  N o rth  Pole, b u t new  ice in leads 
of sufficient a rea  to  land  planes is usually  found  
only south of th e  80 th  paralle l. (R ef. 21.)

b. D rift Ice. Loose ice floes frin g in g  the 
Polar pack are  called d r i f t  ice, w hich differs from  
the pack itself only in  th e  degree of com paction. 
Landings m ay o ften  be m ade on floes of d r i f t  ice, 
b u t it  is not su itab le  fo r an  a irs tr ip  because of the  
probability  of d r if tin g  in to  open w a te r, d is in teg ra­
tion, or the developm ent o f pressure hum m ocks 
d u rin g  storm s. ( R ef. 21.)

c. Fast Ice. Fast or lan d fas t ice is sea ice 
th a t  is a ttach ed  to  th e  shore o r is otherw ise con­
fined so th a t  i t  does no t d r if t .  I t  m ay include bay 
ice or lagoon ice. O ne edge of the  fast ice m ay be 
firm ly a ttach ed  to  th e  shore o r there  m ay be a
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c rack  betw een i t  and  the  so-called ice foot, the 
fa s t ice rising and  fa lling  w ith  the tide and the ice 
foot rem aining fa s t to  shore. I f  the fast ice borders 
on the open sea, th e  o u te r  or sea edge m ay term inate 
on the m oving pack  ice, and the border may be a 
ra m p a rt of ice heaps. (R ef. 21.)

( 1 ) Bay and Lagoon Ice. Bay and lagoon 
ice and  fa s t ice bordering  d irectly  on the sea are 
generally  su itable fo r a irs trip  locations. Bay and 
lagoon ice are u su ally  smooth because of lack of 
w ind  and  w ave m ovem ent and because they have 
no co n tac t w ith  m oving pack ice. H ow ever, on a 
w ide or only p a r tia lly  sheltered bay or lagoon 
there  m ay be some m otion. Also, river cu rren ts  m ay 
b reak  up  young ice, or pack ice m ay d r if t  in from  
the  open sea. G enerally , however, a site can be 
selected th a t  requires little  or no smoothing of the 
ice.

(2 ) Fast Ice Bordering on the Sea. The 
seats of fa s t ice are  the broad continental shelves 
and  th e ir  spacious em baym ents. The most strik ing  
exam ple is the Siberian Shelf, w hich has a mean 
w id th  of 400 miles and a dep th of 12 to 50 fathom s 
(72 to  300 f t ) ,  its o u te r  edge falling ab rup tly  to  
th e  g rea te r  depths of the A rctic  Ocean. These 
regions produce a v as t am ount of fast ice because 
th e  shallow  depths fav o r early  chilling, and the 
salin ity  of the ~sea has been lessened by the dis­
charge of num erous large  rivers. The A rctic 
coast of E urasia , especially the shore of the East 
Siberian Sea, has m ore extensive shallow w ate r th an  
is found  elsew here in the A rctic  Ocean. Here fa st 
ice a tta in s  its  g rea test w id th , am ounting to 270 
miles a t  its w idest place off the m outh  of the Yana. 
I t  has an average thickness of 6l/z f t  and a t times 
reaches a m axim um  thickness of 9 f t . (Ref. 97.)

A nother large  area of fast ice, second only to  
th a t  off Siberia, is the  sheet covering the labyrin ­
th ine  w ate rw ay s of the  Canadian A rctic  A rchi­
pelago. (R ef. 97 .)

L and fast ice bordering  d irectly  on the open sea 
is ap t to  be rou g h er th a n  bay or lagoon ice because 
of increased w ind  action  and pressure of the m ov­
ing pack  ice. Most of the fa st ice, however, is 
young, and  its roughness is no t com parable to th a t  
of heavy pack  ice and m ay no t pose any consider­
able problem  to  an experienced p a r ty  properly 
equipped fo r p rep arin g  an a irs trip  surface. A ir­
strips should, in general, be located as near to 
shore as possible. T he fa r th e r  from  shore the site 
is, the  g re a te r  the  danger of breaking up  or d r if t ­

ing aw ay. H eavily  grounded pressure ridges form ­
ing on the seaw ard edge of lan d fast ice offer m uch 
protection  to  an  a irs trip  near shore; also, in such a 
location hangars, q u a rte rs , and o ther s tru c tu res  
can be established on the shore w here they  can be 
perm anent. (R ef. 21.)

d. Ice Foot. The ice foot, th a t  p a r t  of the 
fa s t ice d irec tly  a ttached  to  the shore, is u n ­
affected by tides. I t  form s from  th in  ice frozen fast 
to  the shore and  grow s from  the end of sum m er 
th ro u g h  au tu m n  as long as the ice or w a te r  along 
the shoreline is in m otion and  p a rticu la rly  d u rin g  
rising tides. In  areas w here tides are g rea t, ice 
foot m ay grow  to a heigh t of 6 f t  or more. I t  can 
also form  from  foam  th ro w n  onto the shore and 
refrozen . A t present, portions along the coastline 
of G reenland are the only know n places w here foot 
ice form ations are pronounced. A lthough no rec­
ord  of plane landings on ice foot is available, there 
is no apparen t reason w hy an ice foot can no t be 
used as a landing area, and such a s trip  w ould  have 
the advantage of increased bearing pow er because 
the  ice rests on the bottom . The surface of an ice 
foot is generally rough, and prelim inary sm ooth­
ing w ould be necessary; also, landings in most cases 
w ould  have to  be m ade paralle l to  the shore, w hich 
w ould  be a d is tin c t disadvantage w here prevailing 
w inds w ere a t r ig h t angles to  the shore. (R ef. 21.)

e. Lake and River Ice. Lakes provide in ­
num erable landing surfaces for planes. They gen­
era lly  freeze w ith  a sm ooth surface except for 
ridges and depressions caused by pressures re su lt­
ing from  expansion. Also, open cracks m ay be 
form ed from  con trac tion  resu lting  from  very  cold 
w ea ther, p a r ticu la r ly  on large lakes w here separa­
tion  of the ice sheet m ay occur and w here re ­
freezing m ay be delayed by a snow cover. D r if t­
ing snow on a irstrips on lake ice often  causes a 
difficult m aintenance problem .

Rivers have been used extensively as landing 
surfaces, b u t generally are no t as suitable as lakes. 
The c u rre n t o ften  breaks up  the first ice of the 
season, crea tin g  a rough  su rface  and la te r  eating  
aw ay ice and crea tin g  a generally  treacherous con­
dition, w hich w ill no t be app aren t if the ice is 
covered w ith  snow. Also, rivers b reak  up  m uch 
m ore rap id ly  th a n  lakes because of the m echanical 
effects of cu rren ts , changes in w a te r  level, and 
rap id  changes in  the w a te r  tem pera tu re .

f. Land Ice. G reenland and A n ta rc tica  
have the g rea test concentrations of m ountain
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glaciers and icecaps, w hich v a ry  in thickness from  
a few  hundred  to  several thousand feet. M ountain 
glaciers generally have rough  surfaces w ith  num er­
ous crevasses, especially a t  low er a ltitudes. Com­
para tive ly  smooth stretches suitable fo r landing 
strips m ay exist on the la rg e r slow-m oving glaciers 
near th e ir  source and in the  valley areas (R ef. 21). 
Icecaps offer m any suitable sites fo r perm anent 
landing strips, p a r ticu la r ly  in fa r  in land areas 
w here the high w inds experienced on the m arginal 
areas seldom occur. Em ergency sites m ay be lo­
cated w ith in  the m arg ina l area of icecaps, bu t 
such areas generally  present more difficulties from  
both  an operational and m aintenance standpoint 
th an  do in terio r sites.

g. Ice Islands. Ice islands orig inate from  
land ice such as glaciers and shelf ice and can a t 
present be divided in to  tw o  groups: (a ) those th a t 
have found th e ir  w ay  in to  the  channels of the 
C anadian A rc tic  A rchipelago and (b ) those th a t 
are d rif tin g  in the A rctic  Ocean. Ice islands can 
readily be distinguished from  pack ice by their

homogeneous surfaces and  reg u la r  su rface  p a t­
terns. Surfaces are  ridged  o r rolling , w ith  w ide 
troughs. They have a s tr ik in g  ab ility  to  keep th e ir  
shapes over a period of years, w hich indicates g rea t 
thickness and hardness. Q u ite  a large  num ber of 
ice islands are know n to  exist, the sm aller ones 
varying in size from  Vi to  7 or 8 miles across, a l­
though m any fragm en ts are m uch sm aller. Three 
large ice islands, the la rgest hav ing  an  area  of some 
300 square miles, th a t  are d r if tin g  in the  A rc tic  
Ocean have been of p a r tic u la r  in terest recently . 
They are qu ite  sm ooth, and  pilots w ho have m ade 
low-level flights over them  are alm ost unanim ous in 
sta ting  th a t  landings can be safely m ade on all of 
them. Landings have been m ade on a t least one of 
the three. Ice islands move and  i t  is w ell know n 
th a t  they move w ith  ocean cu rre n ts  ra th e r  th an  
w ith  w ind, w hich moves pack  ice. Because they  
are so easily seen and recognized, th e ir  m ovem ent 
w ould presum ably be of valuab le  assistance in 
determ ining the d irection  and ra te  of subsurface  
curren ts . (Ref. 98 .)

Section 2. SITE SELECTION

3F2.0I AERIAL OBSERVATIONS (Ref. 21}

1. A IRCRA FT TYPES. A irc ra f t w ith  rela- 
tively  low flying speeds, such as the C -47 or Norse­
m an, are the types best suited fo r reconnaissance 
because the ice surface  can be ca re fu lly  scrutinized. 
Skis are p referab le to  wheels fo r safe ty. Fully 
re trac tab le  alum inum  skis are highly valuable 
because they provide g rea te r  safe ty  and reduce 
the d rag . The helicopter w ould  be ideal if  suffi­
cient range could be developed, fo r i t  can m ake a 
close, deliberate inspection of possible a irstrip  
sites.

2. T E R R A IN  ID E N T IFIC A T IO N . In  selecting 
a site fo r an airfield, reconnaissance of the ice su r­
face is usually  m ade from  the air. R elatively light 
planes are o rd inarily  used, and it is essential th a t 
only experienced pilots be assigned. A reconnais­
sance pilot should have experience in m aking land­
ings on ice, as w ell as a theoretica l and practical 
know ledge of the various kinds of P o lar ice. He 
m ust have experience in traveling  over ice and 
snow and ju dg ing  them  from  the g rou nd ; i t  is ex­
trem ely difficult fo r  an inexperienced pilo t to  in te r­
p re t ice and snow p a tte rn s  from  the a ir. V aria­
tions in elevation on a w hite  surface  are most

readily discerned if  the sky is c lear and the  sun is 
low enough to  cast shadows. A fu ll  moon th row s 
even more effective shadows. I f  possible, therefore , 
the selection should be m ade a t  these times. Sites 
on pack ice are m ore difficult to  select th an  others 
because rela tively  sm ooth areas 2 or 3 miles in 
diam eter and reasonably free from  hum m ocks, de­
pressions, and pressure ridges are o ften  no t readily  
located. Also, in itia l landings m ay be on rough  
ice.

An experienced observer can judge fa irly  ac­
cura te ly  the thickness and  c h a rac te r  of sea ice by 
its color and general appearance. W hen th ick  ice 
has been freshly broken, i t  resembles masses of 
rock in a q u a rry  ju s t a f te r  a b last, or if  i t  is th in  
it  resembles broken bo ttle  glass on top of a stone 
w all. D u ring  th a w  periods th e  sharp  outlines of 
broken ice are softened. A t the  end of the first 
sum m er they appear ab o u t as jagged as a typ ical 
m ountain range, b u t a t  the  end of tw o or th ree  
years the ice resembles th e  ro lling  hills of a w estern  
prairie.

Black ice, w hich m ay appear b lue or green u n ­
der certa in  ligh t conditions and  angles, is unsafe 
and so are the various shades of g ray , the ice be­
ing safer the lig h te r th e  g ray . I f  i t  is desired to
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land  a plane on a lead, even a grayish lead m ay be 
strong  enough if  th ere  has been no snow since the 
pressure broke the  ice and  produced the lead. This 
ru le  applies only to  ligh t planes because the th ick­
ness requ ired  fo r heavy planes w ill take longer to 
develop.

Differences in the coloring of ice floes indicate 
hardness or s tren g th . In  bo th  sum m er and w in ter, 
sea ice th a t  possesses average norm al properties is 
d istinctly  ligh t green. W hen a ligh t-g ray-b lue floe 
is encoun tered  in such ice, i t  definitely indicates 
desalted, and therefo re  stronger, ice. So-called 
d ir ty  ice m ay be of v ary in g  streng th . As a gen­
era l ru le , the  m any-years-old  ice is hard ier and 
d irtie r  and  is b row n; younger ice is more pinkish. 
Ice th a t  is a t  the' same tim e very  d ir ty  and very 
crum bly , caused by th aw in g  lumps of crushed ice 
being frozen over, can  easily be distinguished from  
older ice.

The foregoing parag raph s are fo r w in ter obser­
vations. The coloring of icefields in summer is 
exac tly  c o n tra ry  to  coloring prevailing in w in ter. 
Pools on sea ice are a charac teristic  fea tu re , p rin ­
cipally  because of color, from  w hich a good meas­
u re  of the ice thicknesses beneath m ay be obtained. 
For young ice the  color of the pools varies from

steel-gray blue fo r  sheets some 6 f t  th ick  to  g ray  
green, fo r 3 to  4 f t  to  brow nish green for th inner 
stuff. For old, th ick  ice the  pools are clear blue. 
For th in , soft ice the pools v a ry  from  gray  green 
to  brow nish yellow and seem to give a d istinct im ­
pression of ro ttin g , as differen tia ted from  m elting.

S tab ility  and d r if t  of an area in thç pack ice 
m ay be determ ined by spreading lam pblack or 
o ther suitable m ateria l in a continuous strip  on the 
ice and re tu rn in g  a t reg u la r  in tervals to observe 
w hether the strip  is in one piece or w hether parts  
of i t  have shifted  or been broken up. Snowfalls be­
tw een observations m ake it  necessary to  re-m ark  
the strip .
3F2.02 USABILITY OF ICE

I t  is, of course, of param ou n t im portance to  
know  the earliest date  on w hich ice m ay be u tilized  
fo r an a irs tr ip  and the usefu l period of operations. 
M any ice m aps, ch arts , tables, and isopleths give 
seemingly definite dates of ice form ation w ith in  the 
Polar Regions b u t should be used only as a general 
guide. Icing conditions v a ry  so widely from  year 
to  year, and even w ith in  a season, th a t  definite in ­
form ation can be ob tained only a t the proposed 
site.

Section 3. UTILIZATION OF ICE STRUCTURES

3F3.0I GENERAL

C o nstruc ting  an a irs tr ip  on smooth, level ice 
usually  requires only a small bu lldozer to clear 
obstructions. O n pack  ice o r on landfast ice m uch 
m ore equipm ent is requ ired  because the ice is gen­
era lly  rough . H um m ocks m ust be removed w ith  
ligh t equ ipm ent ca rried  in the first planes so th a t 
cargo planes can land  w ith  m ajor construction 
equipm ent. Depressions and  holes are filled by 
pum ping w a te r  in to  them  and allow ing it to freeze 
or by filling w ith  w ell-com pacted snow. C onstruc­
tion of an  airfield on an  icecap requires a m inimum 
of equipm ent because, as w ith  lakes or bays, the 
m ain problem  is to  com pact the snow sufficiently 
to  enable wheeled planes or heavy skiplanes to  land. 
The in itia l land ing  on an  icecap m ay be hazardous 
because th e  loose, soft snow m ay m ake an under­
ly ing h a rd -d r if te d  roug h  su rface  difficult to detect 
from  the a ir . (R ef. 21.)

3F3.02 SNOW COVER TREATMENT AND 
DRIFT CONTROL

D rif tin g  snow m ay cause wheeled planes to  
groundrloop. As m entioned previously, skiplanes 
are more p rac tica l th an  wheeled planes for landing 
on snow. G liders are effective because of their low 
landing speed. The only pow er equipm ent norm ally 
needed to  clear d rif ts  is a bu lldozer. Snow cover 
trea tm en t, how ever, is o ften  a m ajor problem  and 
thorough  investigation  is usually  required  before 
definite procedures can be outlined. (See C hapter 
3, P a r t  D .) C om pacted snow on ice re ta rd s th aw ­
ing of the ice in the spring and lessens trouble  
from  slush and stand ing  w a te r. Also, ice form ed 
by compression of successive layers of com pacted 
snow does no t candle. O n lake, river, or bay ice it 
is best to  com pact the snow as hard  as possible. On 
sea ice th e  snow can e ither be com pacted or re ­
m oved com pletely. O n land  ice, snow m ay be qu ite
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deep and the only solution usu ally  is to  com pact 
the snow as h a rd  as possible.
3F3.03 HANGARS AND STRUCTURES (Ref. 21)

O n lake, r iv e r, bay, o r lagoon ice, hangars and 
o ther s tru c tu res  are usually  located on shore. 
C onstruction  of such facilities on icecaps or float­
ing ice is difficult. H ousing fo r personnel w ould 
probably consist of double-w alled ten ts  or light, 
fu lly  insulated p re fab rica ted  h u ts  th a t  could also 
be developed as repair shops. Specially rigged 
gliders could be used fo r q u a rte rs  o r repair shops 
and could be easily moved if  i t  w ere necessary to  
change the location of the airfield. H angars are a 
special problem  on land  ice or floating ice, and no 
really  good w orkable  model has been developed. 
Some type of ligh t, portab le , heated nose han gar is 
necessary so th a t  m echanics can w o rk  on a plane 
w ith o u t using gloves.

I t  is absolutely necessary th a t  all heated s tru c ­
tu res on ice have adequate insulation  un der the 
floor to  p reven t them  from  th aw in g  the ice and 
then freezing to  it . A s tru c tu re  frozen in to  the 
ice w ould no t be po rtab le  if  i t  w ere necessary to  
m ake a qu ick change in location. Also, i t  is p refer­
able to  have s tru c tu re s  move as a u n it so th a t  they 
w ill not be to rn  a p a r t in case the  ice cracks or 
shifts under them .

Because ice bends g radu a lly  un der a sta tic  load, 
i t  m ay be necessary to  provide w ood or m etal p la t­
form s in the p a rk in g  areas in o rder to  d is tribu te  the 
load to  b e tte r  advan tage.

Wheels and skis m ay freeze to  the  snow or ice; 
therefore, planes should be tax ied  up  on a rest or 
cradle th a t  w ill p reven t them  from  freezing in. 
Some sort of anchor is, of course, necessary to tie 
down the planes on ice a irstrips.
3F3.04 MAINTENANCE OF AIRSTRIPS ON ICE

All th a t  is u su ally  requ ired  to  m ain ta in  an a ir­
s trip  on ice is to  d rag  or ro ll th e  snow cover con­
tinually . I f  d r if ts  fo rm , they  should be spread ou t 
by a scraper o r bu lldozer or removed. C racking of 
the ice often  m akes i t  difficult to  m ain tain  an a ir­
strip , p a r tic u la r ly  w hen cracks go entirely  
th ro u g h  from  top to  bottom . Sections of ice ad ­

jacen t to  such cracks should n o t be used u n ti l the 
cracks freeze over, because th e ir  bearing pow er is 
g rea tly  reduced . Sites should, if  possible, be 
selected w here an  a lte rn a te  a irs trip  can be p re ­
pared in case la rge  cracks appear on th e  m ain 
runw ay .
3F3.05 MEASURING ICE THICKNESS

The thickness of floating ice should be care­
fu lly  m easured a t  reg u la r  in tervals. F req uen t 
m easurem ents a re  p a r tic u la r ly  im p o rtan t near the  
beginning and end of th e  usable seasons. V arious 
devices have been used fo r th is purpose. One type 
is illu s tra ted  in  F igure  3F3-1. C u rren tly , efforts 
are being m ade to  develop a m easuring device th a t  
w ill no t requ ire  d rillin g  a hole in  the ice. A n elec­
tron ic ice gage has been tested  recen tly  on various 
types of ice. I ts  princip le is th e  transm ission of an  
u ltrasonic w ave d o w n w ard  in to  the ice to  be re ­
flected from  the bo ttom  su rface  and detected  on its 
re tu rn  to  the  top  su rface . M easurem ent of ice 
thickness is ob tained from  the  elapsed tim e fo r the  
passage of the u ltrason ic  w ave th ro u g h  th e  ice 
layer. Conclusions d raw n  from  the tests indicate  
th a t  the  device, as presen tly  designed, is no t a satis­
fac to ry  device fo r  ice m easurem ent b u t th a t  add i­
tional s tu dy  of th e  problem , using u ltrasonic  tech­
niques, is desirable. (R ef. 99.)

INSERTION OF 
MEASURING DEVICE

M EASURING DEVICE IN PLACE

SURFACE 
OF ICE

2" D IAM  
AUGER HOLE

BOTTOM L 
OF ICE |

FIGURE 3F3-1
Device To Measure Ice Thickness (Ref. 211
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CHAPTER 4. OPERATION

PART A. CONSTRUCTION EQUIPMENT 

Section I. LOW-TEMPERATURE PERFORMANCE

4AI.0I MILITARY REQUIREMENTS

1. O PE R A T IO N . The A rm ed Services have 
adopted  —65° F as the  low er tem p era tu re  limit a t 
w hich equ ipm ent m ust be capable of continuous 
sa tisfac to ry  func tion in g  to  be acceptable for m ili­
ta ry  use. In  add ition , the  B ureau of Yards and 
Docks in  its in terim  s tan d ard  specifies th a t the 
equipm ent m u st fu n c tio n  un der conditions of a 10- 
k n o t w ind  and  no solar rad ia tion . (See Ref. 100.) 
L o w -tem p era tu re  fuel, lubrican ts, antifreezes, 
hy d rau lic  fluids, and  the  like m ay be used. Mili­
ta ry  and  com m ercial design refinem ent and devel­
opm ent have advanced so th a t  it  is entire ly  feasible 
fo r tran sp o rta tio n  and  construction  equipm ent to  
m eet the  m ilita ry  requirem ent.

2. ST A R T IN G . The A rm ed Services have also 
prescribed th a t  pow ered equipm ent be capable of 
in te rn a l com bustion engine s ta rtin g  a t —25° F 
am bient tem p e ra tu re  w ith o u t engine preheating. 
T he B ureau  of Y ards and  Docks in terim  standard  
(R ef. 100) fu r th e r  sta tes th a t this perform ance 
m ust be m et u n d er conditions of a 40 -kno t w ind 
and no solar rad ia tion . Fuel prim ers, e ther-type 
prim ing  fue l, and  lo w -tem pera tu re  batteries are 
perm issible as perm anen t aids to  m eet the require­
m ent. Engine p reheatin g  m ay be used, in addition 
to  the above aids, to  fac ilita te  engine s ta rtin g  a t 
am bient tem p era tu res  below —25° F.

3. STORAGE. M ilitary  requirem ents fo r s to r­
age are th a t  equ ipm ent m ust satisfacto rily  w ith ­
stand , w ith o u t dam age, storage a t an  am bient 
tem p era tu re  of —80° F fo r th ree  days of con­
tinuous exposure. The B ureau  of Y ards and Docks 
in terim  s tan d a rd  (R ef. 100) has added th a t  this 
requ irem en t be m et w ith  no w ind and no solar 
rad ia tion .

4. EX C EPTIO N S. I t  is realized, of course, th a t  
because o f increased cost and lim ited use of the

equipm ent, i t  is im practicable to  m eet the m ilita ry  
requirem ents fo r all equipm ent. The A rm ed Serv­
ices, therefore , perm it exceptions w hen i t  is ap­
p a ren t th a t  the requirem ents resu lt in an im prac­
ticable end item  based on c u rre n t engineering de­
velopm ent. E quipm ent th a t  norm ally requires 
shelter does no t ac tu a lly  function  un der the ex­
trem e tem p era tu re  and w ind  conditions required  
of exposed equipm ent. In  m any instances, th ere­
fore, the m ilita ry  requirem ents m ay no t need to  be 
m et fo r s ta tio n a ry  un its, such as pow erplants, shop 
equipm ent, w a te r  tre a tm en t un its, and the like.

4AI.02 PERFORMANCE EFFICIENCY

1. FIELD O PE R A T IN G  C O N D ITIO N S. The 
perform ance of m ost equipm ent is adversely a f ­
fected  by subzero tem p era tu res; loose, fine, blow ­
ing snow; ice; frozen  te r ra in  du ring  w in te r; and 
m ud of the thaw ed , u n d ra in ed , active layer of per­
m afrost d u rin g  sum m er in  the higher latitudes. 
The coefficient of fric tio n  of snow and ice increases 
w ith  a decrease in tem p era tu re . For instance, the 
coefficient of fric tion  fo r snow is approxim ately 
one-sixth higher a t  —60° F th an  a t 20° F. 
M oderate-tem peratu re  m onths, such as A pril, 
therefore , are periods w hen trac to r-s led  tra in s can 
hau l m axim um  loads m ost economically. The per­
form ance of equipm ent u n d er these conditions 
should be considered w hen estim ating required  
logistics and w orkloads.

2. M ECH AN ICAL PERFORM ANCE. C o ntrac­
tion  of m achine p a rts  and sluggishness of lu b ri­
can ts a t  low  tem pera tu res produce a high in te rna l 
fric tio n a l d rag  in equipm ent. W ith  sm aller c lear­
ances, there  is a tendency fo r p arts  to  seize. Low 
tem p era tu res, even w hen low -tem pera tu re  lu b ri­
can ts a re  used (p ar. 2 of 4A 3.03), cause a some­
w h a t slow er in itia l c ircu la tio n  and penetra tion  of
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lub rican ts u n til fric tio n  raises the tem p era tu re  of 
m achine parts . T hus, a slightly  decreased overall 
m echanical efficiency of equipm ent and stiffness of 
controls and ac tu a tin g  mechanisms m ay be ex­
pected a t subzero tem peratu res.

T rack  and drive-w heel slippage of prim e movers 
operating  on snow, ice, and m ud is inevitable. The 
reduced trac tiv e  efficiency is reflected by high fuel 
consum ption or w aste of fuel.

3. EN G IN E PERFORM ANCE. Engine fuel 
com bustion efficiency depends on atm ospheric con­
ditions w ith in  cylinders, fu e l/a ir  m ix tures, and 
heat available fo r com bustion. Even d u rin g  short 
intervals'" of engine inoperation a t low  am bient 
tem peratu res, a ir  in cylinders chills sufficiently to 
condense m oisture, producing  conditions non- 
conducive to  com bustion. Diesel engines are p a r­
ticu la rly  difficult to  s ta r t  in extrem e cold because 
fuel com bustion depends en tire ly  on the heat of 
compression. For spark-ign ition  engines, the fu e l/  
a ir  m ix tu re  en tering  cylinder com bustion cham ­
bers is sometimes chilled to  the icing point because 
i t  expands w hen flowing th ro u g h  ca rb u re to r Ven­
tu r i . F requen tly , icing of fuel occurs in fue l lines 
exposed to the w eather, w hich ham pers proper fuel 
flow to carbu re to rs  or fuel in jection pum ps. W ax 
in paraffin-base diesel fuel congeals w hen cold, 
clogging fuel lines and tran sfe r  and injection 
pumps.

Subzero, snow -laden a ir  sucked th ro u g h  oil- 
b a th  a ir cleaners tends to  increase the viscosity of 
oil droplets adhering to  the filter elem ent. This re­
stric ts  airflow so th a t  a h igher in tak e  m anifold 
vacuum  m ust be produced by the engine. In  diesel 
engines, excess a ir  is alw ays present fo r efficient 
fuel com bustion. In  spark-ign ition  engines, how ­
ever, the air restric tio n  m ay cause too lean a fu e l/  
a ir  m ix tu re  fo r efficient com bustion. In  such cases, 
carbu re to rs  m ust be read ju sted  and a ir  cleaners 
operated d ry  or w ith  a ligh tw eigh t engine oil.

O n cold s ta r tin g , in te rn a l engine fric tio n  is high 
and fuel com bustion inefficient. This necessitates 
using more th an  the average of un b u rn ed  fuel, 
longer engine s ta r tin g  tim e, and m ore freq uen t 
idling, co n trib u tin g  to  a higher fuel consum ption 
even though  engine perform ance is sa tisfac to ry  a t 
norm al operating  tem p era tu re .

4. STORAGE BATTERY PERFORM ANCE. 
The electro ly tic s tren g th  or specific g rav ity  of 
s tan d ard  sto rage (w et-cell) batteries decreases 
w ith  tem p era tu re . B a tte ry  c u rre n t, therefo re , de­

livered a t subzero tem p era tu res is appreciably less 
fo r a given charge th an  the b a tte ry  ra tin g . For in ­
stance, b a tte ry  c u r re n t ( fu lly  charged ) a t 15° F 
is one-half and a t —30° F abo u t one-ten th  the ra ted  
cu rre n t o u tp u t a t  80° F. A t —40° F the c u rre n t 
requirem ent to  s ta r t  cold engines reaches a peak.

The capability  of a b a tte ry  to  absorb a charge 
is also, adversely affected by a decrease in tem pera­
tu re . Below 35° F, s tan d a rd  sto rage batteries w ill 
not receive an adequate  ch a rg é .from  generators.

The dim inishing e lectro ly tic  specific g ra v ity  in ­
creases the possibility of electro ly te  freezing. 
Table 4A1-1 gives e lectro ly te  freezing tem p era­
tu res a t various specific grav ities corrected  to 
80° F. (C orrection fa c to r  is 4 points or 0.004 
added to  specific g ra v ity  fo r  every  10 degrees of 
electro lytic tem p era tu re  above 80° F, and  4 points 
or 0.004 su b trac ted  from  the  specific g rav ity  fo r 
every 10 degrees of e lectro ly tic  tem p era tu re  below 
80° F.) The tab le shows th a t  a fu lly  charged  b a t­
te ry  w ill not freeze a t extrem ely  low  tem p era tu re , 
b u t a discharged b a tte ry  (specific g rav ity  1.130) 
w ill freeze a t 10° F. I t  is m and ato ry , therefo re , 
th a t  the specific g ra v ity  of batteries be m ain­
tained a t 1.275 or b e tte r  (co rrec ted  to  80° F ) a t 
all times to  avoid ru p tu re d  b a t te ry  cases caused by 
freezing of electro lyte.

Special lo w -tem pera tu re  au tom otive-type s to r­
age batteries have been developed in recen t years 
w ith  im proved lo w -tem p era tu re  perform ance c h a r­
acteristics.

4A1.03 EQUIPMENT DURABILITY

1. SERVICE C O N D IT IO N S. The severity  of 
clim ate and te r ra in  of the h igh  la titu des n a tu ra lly  
impose above-average w ear and  te a r  on equipm ent. 
An understanding  of the type and cause of fa ilu re  
of p arts  is therefo re  h e lp fu l in  p lann ing  logistics

TABLE 4A1-1

Relationship Betw een Temperature and  
Battery Freezing

S ta te  o f c h arge
S p e c if ic  g ra v ity  o f  

e le ctro ly te
(te m p era tu re  c o rrec ted )

Freezing
tem peratu re,

° F

Fully ch arged  
75 pe rcen t  
50 pe rcen t  
25 pe rcen t  
D isch a rge d  
Fully d isch a rge d

1.275 to  1.300  
1.250  1.220 
1.160  
1.1301.000 (w ater)

- 8 5  to - 9 5  
- 6 2  
- 3 1  110

32
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and  stocking adequate  h igh -m orta lity  spare p arts  
in the field. O therw ise, because of general isola­
tion  and inaccessibility and because of deadlining 
equipm ent fo r  lack  of spare parts , operations in 
these fo rw ard  areas m ay w ell fail.

2. M ETALLIC M A CH IN E PARTS. N ot too 
m uch investigation  has been m ade on the physical 
properties of eng ineering m aterials a t subzero tem ­
pera tu res. In  m any cases, field observations seem 
to  indicate th a t  the  m etals undergo a pronounced 
tran sitio n  of in te rn a l s tru c tu re  a t approxim ately 
— 25° F. The re su lt is an  increase in brittleness so 
th a t  there  is less d u c tility  or resistance to  the sud­
den shock loads p reva len t in subzero environm ents. 
C onsequently, a h igher-than -norm al ra te  of b r ittle ­
ness in  s tru c tu ra l  m achine p arts , shafts, gears, 
cables, chains, to w  hooks, tools, drilling  bits, c u t­
tin g  edges of blades, and ripper and shovel dipper 
tee th  is to  be an tic ipated .

The ra te  of fa ilu re  can be held to  a minimum 
by selecting w henever possible equipm ent th a t has 
c ritica l p a rts  b u ilt of low -carbon steels, w ith  al­
loys g iving the  necessary hardness, instead of plain 
carbon  steels. Also, w ire  cables w ith  Manila rope 
cores have superior flexibility to w ith stand  flexing 
a t low  tem pera tu res.

N orm al service is obtained from  alum inum  and 
copper alloy p a r ts  because low tem peratu res do no t 
adversely affect th e ir  s tren g th  properties.

3. N ON M ETALLIC M ACHINE PARTS. 
B reakage of nonm etallic p a rts  m ade of n a tu ra l and 
syn thetic  ru b b er, plastics, glass, and leather (such 
as hoses, tires, d is tr ib u to r  housing, windshield, and 
drive belts) m ay be freq u en t fo r stan dard  grades. 
Special grades now  com m ercially available, how ­
ever, have reduced  th e ir  low -tem peratu re  fa ilu re  
considerably. R u bb er p a rts , such as boots, guards, 
electric cables, and  h y d rau lic  hoses, become hard  
and b r it tle  a t reduced  tem peratu res so th a t  they 
break  easily w hen flexed o r s tru ck . This is espe­
cially tru e  fo r p a r ts  m ade from  synthetic rubb er 
m aterials like neoprene. T ire walls stiffen and 
check extensively. T he stiffness increases tread  
w ear because of a line g round  con tac t du ring  use 
and fla t spots d u rin g  nonuse. Synthetic rubb er 
does no t give as good mileage as n a tu ra l rubber in 
tires and  tubes. Condensed m oisture freezing in 
tire  valves requires a h igher-than -norm al replace­
m ent of valves.

T arp au lin s , ten ts , and  o ther canvas p arts  m ay 
break  if  folded o r unfo lded  w ith o u t care a t sub­

zero tem peratu res. P lastic and leather p arts  and 
glass also w ith stan d  very  little  im pact, bending, 
or abusive handling w hen cold. Leather lu b rican t 
seals m ay leak if  frozen or cracked from  cold. 
Wood p a rts  subjected, to  shock or bending loads 
break readily.

4. EN G IN E  FAILURES. Even though engines 
m ay be w in terized  and serviced w ith  low -tem pera­
tu re  engine oil, the difficulty of rapid ly  heating 
and m ain ta in ing  them  a t norm al operating tem ­
p era tu re  th ro u g h o u t and excessive idling tend to  
cause crankcase sludge form ation and gum m ing of 
valve stems. Sludge m ay not cause im m ediate 
failu res b u t certa in ly  w ill adversely affect the me­
chanical condition of the  engine and shorten its life. 
Valve failu res m ay be g rea te r  th an  average because 
of heavy carbon deposit from  poor com bustion, 
sticking valve stems from  gum m ing lu b rican t, and 
b u rn in g  of valve face or seal as the resu lt of hot 
spots caused by poor cooling or semifrozen or slug­
gish coolant circu la tion . Insufficient penetration  
of lu b rican t to  c lu tch  pilo t bearings d u ring  in itial 
cold s ta rtin g  causes m any of these bearings to  b u rn  
ou t. The freq u en t c lu tch ing  and stiffness of 
clu tches are reflected in abnorm al clu tch -facing  
w ear. W oven-type c lu tch  facings seem to give b e t­
te r  w ear and , therefore , are p referred .

L ow -tem perature  difficulties th a t  m ay be en­
countered  w ith  the e lectrical systems of engines 
are:

( 1 ) O xidation  of d is tr ib u to r breaker points, 
form ing a high resistance betw een contacting  su r­
faces and thereby  re stric tin g  adequate flow of c u r ­
ren t.

(2 ) Freezing of b reaker con tact arm  bush­
ing on its p ivo t, causing fa ilu re  of breaker arm  to 
function  properly.

(3 ) U nsatisfac to ry  au tom atic  spark  ad­
vance unless spark  advance is clean and properly 
oiled.

(4 ) Ice on spark  plugs, w hich deteriorates 
e lectrical insulation  so th a t  insufficient spark  is 
available fo r s ta r tin g  engine.

(5 ) Failu re  of d rive  mechanism of s ta rtin g  
m otors. Sluggish lu b rica tion  causes im proper mesh­
ing of gears and excessive d rag  on the a rm a tu re  and 
binding of solenoid p lungers. P ostw ar in tro d u c­
tion of 12- and 24-vo lt electrical systems on m ili­
ta ry  vehicles and m any in d u stria l and construc­
tion  types of equ ipm ent has provided sta rtin g  
m otors w ith  m ore to rq u e  to  c ran k  stiff engines.
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5. SNOW -CAUSED FAILURES. Equipm ent 
operated on snow -covered te rra in  shows an above- 
average life fo r s tru c tu ra l  and run n in g  gear parts  
because of th e  cushioning effect th a t  snow gives 
to  rough  te r ra in  and  to  sudden s ta r ts  and stops. 
Failure, therefore , of spring  and s tru c tu ra l  parts , 
d riv ing  mechanism shafts, gears, track s , and so on 
is low. The absence of the abrasive action of fine 
d u st also lengthens th e ir  life. H ow ever, unless 
packing of snow betw een tra c k  links is prevented , 
excessive tra c k  chain tension develops and breaks 
tra c k  links and  tra c k  tension m embers.

Blowing snow finds its w ay  underneath  en­
closures such as engine com partm ents and control 
boxes. W hen i t  accum ulates a roun d  th e  engine, 
snow enters the a ir  filters, thereby  restric tin g  the 
in take  airflow , also causing short c ircu its  of elec­
tr ica l systems. M elted snow refreezes and some­
times cracks the  insu lation  on ignition harnesses. 
Melted snow and condensed a ir  freq u en tly  freeze 
around  spark  p lug  insulations so th a t  s ta r tin g  the 
engine is difficult. B lowing snow also accum ulates 
and  hardens in  the  jo in ts of exposed mechanisms, 
such as brakes, steering gears, winches, cable and 
hydrau lic  a ttachm ents, pow er controls, and so on, 
binding w ork ing  p a rts  so th a t  the mechanisms re­
qu ire  th aw ing  before becoming operable.

6. TERRA IN -CA U SED  FAILURES. Frozen 
soil causes excessive v ibrations w ith in  mobile 
equipm ent trav e lin g  over it. These shaking forces 
and the additional h igh -frequency  v ibrations of 
tracked  equipm ent qu ick ly  loosen bolted and poorly 
w elded sheet m etal p a rts . T herefore, ligh tw eigh t 
and poorly m ounted accessories, cabs, ligh ts, and 
so on are to  be avoided, o r sufficient spares should 
be provided. Because of the  low -tem peratu re  
brittleness o f m etal, b reakage of suspension springs 
m ay resu lt w hen equipm ent is severely jo lted  in 
m oving over frozen g round . T rack-shoe w ear will 
be above norm al w hen equipm ent is operated  on 
frozen soil o r in  silt of the  th aw ed  active layer of 
perm afrost. T rack -ro lle r  and  track -g u id e  w ear is 
usually  severe.
4AI.04 ADAPTABILITY OF SPECIFIC TYPES 

OF EQUIPMENT

Lack of road  netw o rk s in h igh la titu des neces­
sitates m ostly cross-coun try  use of mobile equip­
m ent. C onsequently, th is equ ipm ent m ust have the 
stam ina and  po w er/p ay lo ad  ra tios common to 
heav y-du ty  models. H igh  g rou nd  clearance is de­

m anded to  avoid bogging and  freq u en t m iring  in  
snow and th aw ed  active  zones of perm afrost. 
D angerous side-slope slippage can  be p reven ted  by 
selecting equipm ent th a t  has inheren tly  good 
stab ility  and by loading payloads properly .

1. T R A N SPO R T A TIO N . W heeled equipm ent 
is lim ited alm ost solely to  base use because of th e  
high trac tio n  and  flo tation  requ ired  to  trav erse  
cross-country  w in te r  and  sum m er te r ra in  in the 
Polar Regions. This is usu ally  reflected in  equ ip­
m ent allow ance lists specifying a h igher percen t­
age of tra ck -ty p e  th a n  w heeled-type equipm ent. 
Class IV and Class V c raw le r tra c to rs  are  in ­
dispensable fo r bo th  w in te r  and  sum m er operations 
because of th e ir  heavy w eigh t and  good trac tio n . 
Smaller sizes are less effective b u t  often  desirable 
w hen extrem ely low  g ro u n d  pressures are req u ired  
fo r crossing riv e r and  lake ice. T rack -ty p e  tra ile rs  
such as the  A they w agon, w hich  has a payload 
capacity  of 25 tons, give excellent service a t  
m oderate speeds (15 m p h ). H igh er speed v ib ra ­
tions shake them  a p a r t.

a. Sleds. T ra c to r-d ra w n  sleds have been 
universally  adopted as the  best m eans of tra n sp o r t­
ing personnel and  cargo  in th e  F a r N o rth . Sled 
sizes range from  % -ton  to  100-ton capacities, w ith  
body types rang ing  from  p la tfo rm s, fo r  general 
bu lk  cargo hau ling , to  enclosed and  special bodies 
such as w anigans fo r  personnel tran sp o rta tio n  and 
housing. R u nn ing -g ear designs com m only em ­
ployed are the bobsled type, toboggans o r come- 
alongs, and go-devils.

(1 ) Bobsleds. Bobsleds (F igu re  4A 1-1) 
consist essentially of tw o  sets of ru n n ers  joined by 
cross chains, w hich  m ake th e  re a r  ru n n ers  t r a c k  
w ith  those in the  f ro n t. Each set of runn ers  is con­
nected by a low s ta tio n a ry  bo lster; an up per m ov­
able bolster pivots on th e  s ta tio n a ry  bolster abo u t a 
kingpin. In  this m anner, ru n n ers  can  sw ing w ith ­
o u t in te rfe rin g  w ith  th e  payload. They are  a t ­
tached to  the tr a c to r  by  a tongue. Bobsleds are  
extrem ely rugg ed  and  have good stab ility .

(2 ) Toboggans. Toboggans o r come- 
alongs (F igure  4A 1-2) are  fla t-bo ttom ed sleds. 
They are fab rica ted  o f w ood o r steel and are  usefu l 
fo r hau ling  b u lk  loads, such as fue l and oil drum s.

(3 ) Go-Devils. Go-devils (F igu re  4A 1- 
3 ) consist m ainly o f a single p a ir  o f ru n n ers  c a r ry ­
ing a low p la tfo rm . Because th e ir  cen te r of g ra v ity  
is extrem ely low , pay load capacity  is lim ited by 
bu lk  ra th e r  th a n  by w eigh t. T hey are, therefo re ,
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FIGURE 4 A M
Bobsled, 20-Ton Payload Capacity
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FIGURE 4A1-3
Go-Devil Sled

w ell adap ted  to  the tran sp o rta tio n  of concentrated 
loads, such as draglines, cranes, shovels, engine- 
generator sets, and o ther heavy equipm ent difficult 
to  load on o ther types of sleds. Go-devils are 
o rd inarily  b u ilt on the  job by blacksm iths and 
carpenters in  $0 to  150 m an-hours.

b. Special Carriers. Special personnel and 
cargo carrie rs have been developed to  meet the 
m ilita ry  requirem ents of A rc tic  environm ents. 
These include th e  US A rm y M29C and  T46E1, US 
N av y  landing vehicles track ed  (L V T ), and the 
com m ercial 4 - tra c k  snow -cat.

(1 ) M29C. The M29C (F igu re  3B2-1) 
has a lim ited life of abo u t 1,000 hours. H ow ever, 
its com paratively low  cost, m aneuverab ility , and 
excellent flotation and trac tio n  give it  a high de­
gree of usab ility  in  n o rth e rn  clim ates as a recon­
naissance vehicle, personnel c a rrie r , cargo carrier, 
and prim e m over fo r tow ing. I t  has seating space 
fo r 3 passengers and  d riv e r, p lus th e ir  luggage. 
W ith seats rem oved, i t  is capable of ca rry in g  1,200 
lb  of cargo. As a prim e m over, i t  can  tow  a 1,200- 
lb load, such as a sled, plus a 500-lb payload of its 
ow n. Being am phibious, i t  is usable over varied 
te rra in  d u rin g  all seasons.

(2 ) T46E1. The T46E1 (F igure  4A 1-4) 
is a fu ll- tra c k  am phibious vehicle especially de­
signed fo r A rctic  te rra in . I t  has a personnel or 
cargo payload capacity  o f 3,000 lb . Loading m ay 
be e ither by rea r  door or by hatch .

(3 ) LV T. The LVT is also a fu ll- tra c k  
am phibious vehicle capable of y ear-a ro u n d  use in 
the  Polar Regions, prov ided i t  is properly  w in te r­
ized. I t  tran sp o rts  personnel and  cargo. The 
LVT-3C (Figures 4A 1-5 and  4A 1-6) has a m axi­
m um  payload capacity  o f 5,000 lb , w ith  a ground 
pressure o f 11.5 psi. A la te r  model, th e  LVT-5

(Figure 4A 1 -7 ), has an increased payload capacity  
of 9,000 lb, w ith  a u n it g ro u n d  pressure of 8 psi. 
Both models m ay be loaded th ro u g h  a ram p or 
hatch .

(4 ) Snow-Cat. A com m ercial type  of
4 -track -d riv e  au tom otive  vehicle called the  snow ­
ca t (F igure 4A 1-8) has a personnel o r cargo  pay- 
load capacity  of 3,000 lb. T he tra c k /p o n to o n  p r in ­
ciple gives good over-snow  flotation and  trac tio n  
characteristics applicable to  bo th  tran sp o rta tio n  
and construction  prim e m overs.

2. C O N ST R U C T IO N . Single-tooth rooters 
d raw n  by 3 Class IV  c raw le r tra c to rs  have been 
found the m ost efficient equ ipm ent fo r b reak ing  up 
the concrete-like h a rd  perm afrost. Shovel and 
dragline dipper tee th , as w ell as the c u ttin g  edges 
of tra c to r  dozer and  g rad e r blades, qu ick ly  w ear 
and break  in  p erm afrost. T ra c to r-d ra w n  graders 
are of little  if  any  use in  th e  Polar Regions, b u t 
heavy-du ty  m otor g raders  can  be used extensively. 
T rac to r dozers are  u se fu l and  alm ost m and ato ry  
because of th e  v a rie ty  o f tasks they  can accomplish. 
A lthough bo th  cable- and  h y d rau lic -ac tu a ted  
dozers can be used successfully , hy drau lic  dozers 
have the ad v an tage  of th e  positive dow nw ard  pres­
sure alm ost alw ays necessary fo r blade p en e tra ­
tion in to  frozen  soil. F u r th e r , hy drau lic  dozers 
are no t sub ject to  d es tru c tiv e  v ib ra tio n , snow- 
clogged sheaves, and  th e  cable breakage common 
to cable dozers.

T ra c to r-d ra w n  scrapers can  be sa tisfac to rily  
employed fo r ea rth fill w o rk  and  snow hau ling  if  
the distances are  n o t too g rea t. The lim ited tr a c ­
tion  and flo tation  of m otorized scrapers preclude 
m uch use fo r  them  in snow and  in th aw ed  perm a­
fro st, w here they  qu ick ly  m ire. Scraper failu res, 
besides c u ttin g  edges, involve cables th a t  become
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FIGURE 4A1-4
T46E1 C a rgo  Carrier, Amphibious, 1 % -Ton Payload Capacity

FIGURE 4A1-5
La nd ing  Vehicle Tracked. LV T -3 IC I, 2% -T on  Payload Capacity, Side View, 

Loading Hatches and  Ram p C losed
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FIGURE 4A1-6
La nd ing  Vehicle Tracked. LV T -3 IC I,  2% -T on  Payload Capacity, Rear View, 

Leading Hatches and Ram p O pen

RAMP

STARBOARD
RADIATOR

COMPARTMENT
DRIVER'S COMPARTMENT

ENGINE COMPARTMENT 
ENTRANCE HATCH

CREW COMPARTMENT CARGO

FIGURE 4A1-7
Personnel Carrier, LVT-5, 4 % -Ton Payload C a p ac ity

4-8



FIGURE 4A1-8
C o m m erc ia l C a rgo  and Personnel Ca rrier (Sn o w -C a t l,  4-Track-Drive, 

1%-Ton Payload Capacity

FIGURE 4M-9
Wheel-Type Bucket Sn o w  Loader
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b rittle  when cold, and body crack ing  because of 
apparen t co ld-tem peratu re  fa tigue . Severe scuffing 
and w ear of tires is also p revalen t because of the 
rough  and frozen te rra in . For rock, q u a rry , or 
perm afrost excavation , 4 x 4  and 6 x 6  m ilitary  
or 4 x 2 conventional heav y -du ty  dum p truck s, 
such as Euclids, are usefu l fo r hau ling  w hen road­
w ays can be m aintained.

Pow er shovels, draglines, and cranes should be 
m ostly craw ler type because of the cross-country 
m ovem ent difficulties th a t  m ay be encountered  w ith  
truck -m ou n ted  types. C raw ler types are tran s­
portable by tra c to r  sleds if  it is necessary to  move 
them  from  one location to another. A round camp, 
w here roadw ays exist, tru ck -m o u n ted  equipm ent 
has the advantage of qu icker movement.

3. MATERIALS H A N D L IN G . C raw ler- 
m ounted fo rk lifts , mobile boom cranes (cherry  
p ickers), and m ateria l loaders are extrem ely effi­
c ient on snow, ice, and tu n d ra . W heeled equip­
m ent is generally confined to  storage areas, piers, 
or loading areas. Several w heel-type loaders, both 
bucket (F igure 4A 1-9) and conveyor (F igure 4A1- 
10), com m ercially available, are p rac tica l fo r snow 
and gravel handling un der A rctic  conditions.

4. POW ER TOOLS. P neum atic  equipm ent can 
be used under the env ironm ental conditions of the 
A rctic and Subarctic. Condensation of m oisture in 
air lines and fittings, how ever, is ap t to freeze and 
cause trouble. E lectrically  operated pow er tools 
may overcome this difficulty.

5. N A V IG A TIO N  A N D  SURVEYING IN ­
STRUMENTS. N av ig atio n  and surveying in s tru ­
m ents include a ltim eters, tac tom eters, theodolites, 
sextants, and transits . F airly  sa tisfac to ry  opera­
tion has been obtained by using d ry  graph itic  
lubrican ts and w ea th er-p ro tec tin g  shields. N one 
of these instrum ents has yet been adap ted , how ever, 
to overcome the low ho rizon ta l com ponent of the 
e a r th ’s m agnetic field in the A rc tic , nor to  w ith ­
stand rough use w hen m ounted  on cross-coun try  
vehicles. Perhaps the best compass so fa r  fo r A rctic  
use is the Sperry G yrosyn, nex t the m agnesium  
type, and then the needle type.

6. DIESEL EN G IN ES. T here are tw o ad v an ­
tages of diesel-powered equipm ent in Polar opera­
tions: (a) less vo lum etric  fue l consum ption th an  
gasoline engines and (b ) absence of ignition h a r ­
ness failures. The first eases logistics and the 
second cuts dow n deadlining.

4-10



FIGURE 4A1-10
Wheel-Type C o nve ye r Sn o w  Loader

Section 2. EQUIPMENT WINTERIZATION

4A2.0I INTRODUCTION
1. A D A P T A T IO N  OF W IN T E R IZ A T IO N . 

T he basic fu n c tio n a l differences betw een au to ­
m otive, con struc tion , and  u tili ty  equipm ent, plus 
varia tions in  size and  ind iv idual m an u fac tu re r’s 
design w ith in  each of these groups, preclude m uch 
s tan d ard iza tio n  of equ ipm ent w in terization . I t  is 
therefo re  u su a lly  specified only in term s of type of 
w in te riza tio n  and  lo w -tem pera tu re  perform ance 
requirem ents. From  such specifications, ac tua l 
w in te riza tio n  is m ostly tailored  to  each specific 
item .

2. LOCALE OF W IN T E R IZ A T IO N . E quip­

m ent to  be w in terized  a t  the  fac to ry  in accordance 
w ith  specifications presents no difficult problem. 
S tan dard  equipm ent d raw n  from  stock, however, 
freq u en tly  m ust be w in terized  a t depots or other 
field installations no t acquain ted  w ith  w in te riza ­
tion. In  such instances, the  field activities should 
be furn ished  w ith  w in te riza tio n  specifications, 
bills of m ateria l, and typ ica l w in terization  in sta l­
lation plans on the  specific item . This is emphasized 
to  avoid fa u lty  perform ance of equipm ent a f te r  it 
arrives a t  the  site of operations.
4A2.02 WINTERIZATION CATEGORIES

E quipm ent w in te riza tio n  m ay be conveniently
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classified into fo u r categories: (a ) ad justm en t, (b) 
cold-engine s ta rtin g  aids, (c) w in teriza tion  kits, 
and (d) m odification. In fo rm ation  on aux iliary  
s ta rtin g  aids is contained in par. 1 of 4B1.03. The 
practices explained in the follow ing subordinate 
paragraphs are those accepted as sa tisfacto ry  by 
the Arm ed Services and are applicable to  au to ­
m otive, construction , and u tili ty  equipm ent.

1. ADJUSTM ENTS. D etailed instructions for 
adjusting  powered equipm ent for cold-w eather 
operation w ill be found in most equipm ent opera­
tional m anuals. O nly a few  general cold-w eather 
adjustm ents applicable to a wide range of equip­
m ent are m entioned here,

a. Engines.
( 1 ) Generator R egulator. G enerator 

regu la to r voltage should be ad justed  for subzero 
voltage setting as follows:

12-vo lt system  
M inim um

Open c ircu it 14.3
Closed c ircu it 14.2

6-vo lt system  
M inim um

Open or closed
circu it 7.3

M axim um
15.3
15.0

M axim um

7.8
These settings are for —40° F and are satisfac­

to ry  for tem peratu res as low as — 65° F. No ad­
justm ents are requ ired  on regu la to rs hav ing au to ­
m atic voltage varia tion .

(2) M agneto or D istribu tor. M agneto 
or d is tribu to r in te r ru p te r  point gaps should be 
reduced 20 to 2 5 percent (w hile a t an am bient 
tem peratu re  of 70° F) re la tive  to the ad justm en t 
recommended by the engine m an u fa c tu re r  for 
tem perate clim ate operation.

( 3 )  Ign ition  T im ing . Ignition  tim ing 
should be re ta rd ed  3 degrees from  the engine 
m an u fac tu re r’s recom m endation. The condenser 
should be replaced by one of low er capacitance to 
avoid p itting  d u rin g  lo w -tem pera tu re  use. Ca­
pacity  of condensers is usually  set by engine m anu­
fac tu re rs  as a range, fo r exam ple, 0.18 to  0.26 
m icrofarad . In  this case, a condenser of 0.25 
m icrofarad  capacitance should be replaced w ith  a 
0.17 to 0.21 capacity  condenser.

(4) Spark Plugs. Spark p lug  a ir gaps 
recommended fo r tem perate  clim ates w ill prove to 
be excessive a t the reduced voltages of ignition

systems th a t m ay prevail a t subzero tem pera tu res. 
Gaps, therefore, should be reduced 0.005 in. from  
the specification fo r tem perate  clim atic conditions. 
Spark plugs of the nex t h o tte st range to  th a t  
recommended for tem perate  clim ates o rd inarily  
give b e tte r low -tem pera tu re  resu lts.

(5)  C arburetors. C arbu re to rs  should be 
set a t COLD position, and the m anually  operated 
engine m anifold heat con trols ad justed  to  cold or 
w in ter setting.

(6)  O il-Bath A ir  Cleaners. O il-ba th  a ir 
cleaners should be em ptied and cleaned. W hen it 
is know n th a t equ ipm ent is to  be operated  in cold 
areas w here du st is no t a problem , cleaners are to 
be le ft dry. This p reven ts blow ing snow m ixing 
w ith  oil and clogging cleaner filter elem ents. Oil, 
hydraulic , a irc ra f t (petro leum  base), M ilitary  
Specification M IL-O -5606, has perform ed w ell a t 
low tem peratu res w hen d u st conditions have p re ­
cluded using w et-typ e  cleaners d ry .

(7) T herm osta t. T herm osta t openings 
should be raised to  180° F so th a t  engine coolant 
circulation  th ro u g h  rad ia to rs  is delayed. This ac­
celerates heating of the engine block and thereby  
facilitates engine s ta r tin g  and m ain tains norm al 
engine operating tem p era tu re .

(8) Batteries. B atteries m ust be capa­
ble of absorbing fu ll charge to  deliver m axim um  
cu rren t and p reven t ru p tu re  by freezing. The 
m echanical condition, e lectro ly tic  s tren g th , and 
charging tem p era tu re  are con tro lling  factors. B at­
te ry  case and electro ly tic  tem p era tu res m u st be 
from  60° to 100° F w hile the b a tte ry  is being filled 
w ith  electro lyte. B a tte ry  tem p era tu re  d u rin g  
charging should be above 35° F. The electro ly tic  
s treng th  or hy drom eter readings should be in ac­
cordance w ith  Table 4A 2-1, corrected  to  80° F. 
(See par. 4 of 4A 1.02.)

TABLE 4A2-1
Battery Tem perature Correction  Chart

Te m p e rature ,
° F

Specific g ra vity  
(hyd ro m e te r reading) A p p ro xim a te  

state o f charge, 
pe rce n t

A ctu al
T e m p e ra tu re

co rre cte d

80 1.2 8 0 1.2 8 0 100
0 1.2 8 0 1.2 4 8 75

- 1 0 1.2 8 0 1 .2 4 4 70
- 2 0 1.2 8 0 1 .2 4 0 65
- 4 0 1.2 8 0 1.2 3 2 60
- 6 5 1.2 8 0 1 .2 2 2 50
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(9 ) In s tru m en ts . All instrum ents such 
as tem p era tu re  and oil-pressure gages, am m eters, 
and viscom eters should be calibrated  for tem pera­
tu re  deviations dow n to — 65° F. Bourdon-tube- 
type oil-pressure gages should be disconnected a t 
the  gage w hen engine oil is hot, to  assure a clean 
tube. I t  is b e tte r , if  possible, to replace the Bour­
don-tube type w ith  electrical types.

b. R u n n in g  Gear.
( 1 ) T ire  Pressures. T ire pressures should 

be reduced approxim ately  10 percent to increase 
flo tation  and tra c tio n  on snow and ice.

(2 ) T ra cks . T racks break easily a t sub­
zero tem p era tu res. For this reason tra c k  tension 
should be ad justed  to  allow  50 percent g rea ter slack 
th an  th a t  specified fo r tem perate climates. A d ­
ju stm ents should be m ade a t tem peratures above 
freezing  to  avoid possible breakages.

c. A u x ilia ry  E qu ipm ent.
(1 ) W inches . C aution plates on w inch 

housings ind icate m axim um  safe loads. These load

m ark ings should be changed to read 25 percen t less 
th an  the orig inal safe load. Such a reduction  p re­
vents hazardous w inch and cable failu res a t low 
tem peratu res.

(2) Compressors. O il-bath  a ir cleaners 
on compressors should be em ptied, cleaned, and 
operated  dry . An alcohol evaporato r should be in ­
stalled, especially on a irb rake  systems. The alcohol 
evaporato r perm its den atu red  alcohol, G rade 
2, to  be d raw n  in to  the a irb rake  system and thus 
guards against m oisture freezing in the system. 
The evaporato r set consists of a Mason ja r  (1 p in t 
cap ac ity ), a ja r  top w ith  fittings, necessary tub ing , 
and an adap ter p late , w hich is a ttached  to  the air- 
compressor m anifold. The ja r  m ust be kep t filled 
w ith  alcohol. (See F igure 4A 2-1.)

2. CO LD -EN G IN E STA RTIN G  AIDS. Cold- 
engine s ta r tin g  aids include fac to ry  b u ilt-in  or 
perm anently  installed devices or accessories th a t 
enable in te rna l com bustion engines to s ta r t  a t tem ­
pera tu res dow n to — 25° F. The aids are used in

FIGURE 4A2-1
Alcohol Evaporator for Compressed Air Systems
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conjunction w ith  w in terized  engine adjustm ents 
(par. 1 of 4A 2.02) and prescribed low -tem pera- 
tu re  fuel and lu b rican ts  (par. 4A 3.03). Because 
the aids are perm anen tly  p a r t of the engine, they 
ordinarily  do no t in te rfe re  w ith  equipm ent opera­
tion under norm al operating  and u n der o ther than  
cold conditions.

a. Fuel Primers. P rim ing w ith  a high vola­
tile fuel is now the generally accepted practice, 
com m ercially and m ilitarily , to  effect cold s ta rtin g  
of engines. The prim ing is m erely in jecting  diethyl 
ether in to the engine in tak e  m anifold. The prim ing 
fuel, having a m uch w ider flam m ability range 
th an  pure  hydrocarbons, ignites and bu rns m uch 
more readily th an  the reg u la r  fuel un der the ad­
verse com bustion cham ber atm ospheric conditions 
prevalen t in cold engines. O ther ingredients of 
the prim ing fuel provide in itia l top-cylinder lu b ri­
cation and im prove the flu id’s storage stability .

The prim ing fuel is con tained in sm all steel capsules 
partia lly  filled w ith  pressurized n itrogen  gas so 
th a t when the capsule is pierced the in te rn a l pres­
sure forces the fuel ou t.

Commonly used prim ing systems (F igure  4A 2-2) 
consist of a dispenser assembly fo r holding and 
pu n c tu rin g  the capsule, tu b in g , and a pum p for 
forcing the fuel th ro u g h  a nozzle in to  the engine 
in take m anifold. P rim ing  systems are sa tisfac to ry  
for both gasoline and diesel engines.

b. Low-Temperature Batteries. Special
autom otive-type lead-acid ba tte ries have been de­
veloped th a t are sa tisfac to ry  fo r operational use a t 
tem peratures down to —40° F w ith o u t heat. The 
6-volt size, available in fo u r  types, is covered by 
US A rm y Specification 91-88A, and the 12-volt 
size is a ligh tw eigh t b a tte ry  covered by M ilitary  
Specification M IL-B-11188 (O R D ). Both batteries 
are intended for cold-engine s ta r tin g , ligh ting , and

FIGURE 4A2-2
Pressure-Prim ing System  on Engine Using Separate G aso line  Sta rting  Engine
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ignition service. T hey  m ay be obtained from  N av y  
stock by  requisition .

3. W IN T E R IZ A T IO N  KITS.
a. General. W in teriza tion  k its  are special 

au x ilia ry  un its  m ounted  on equipm ent to  assure 
sa tisfac to ry  perform ance of the equipm ent and to  
provide adequate  personnel protection a t tem pera­
tu res  from  —25° to  — 65° F. They consist m ainly 
of a h ea t source and  an enclosure fo r retain ing 
heat. W in teriza tio n  k its  are used in conjunction 
w ith  lo w -tem p era tu re  servicing m aterials (p ar. 
4 A 3 .0 3 ), w in te rized  equipm ent adjustm ents (par.
1 of 4 A 2 .0 2 ), and  cold-engine s ta rtin g  aids (par.
2 of 4 A 2 .0 2 ). F igure  4A2-3 illustra tes a typical 
w in te riza tio n  k i t  installed  on a 30-kw  engine- 
gen era to r set.

W in teriza tio n  k its  are  fab rica ted  separately 
from  th e  basic equ ipm ent and m ounted on it  d u r ­
ing  m a n u fa c tu re , or they  are stocked for fu tu re  
m ountings by depots o r in  the field. To avoid u n ­
necessary rew ork ing  of kits stocked fo r specific 
items, com plete bills of m ateria l and a plan d raw ­
ing show ing m ethod of installing the k it on the 
specific item  should be a p a r t of the complete w in ­
te riza tio n  k it. Because w in teriza tion  k its are no t

in teg ra l com ponents, they  are rem ovable and thus 
m ay be detached and restocked when the equip­
m ent is no longer operated  in areas of extrem ely 
low tem peratu res.

b. Engine Kits.
( 1 ) Auxiliary Heating Methods. There 

are th ree  m ethods commonly employed in w in te r­
ization  k its  fo r p reheating  cold engines: (a ) c ir­
cula tion  of heated  engine coolant, (b ) w arm ing 
engine in te rna lly  by electrical heating elements in 
the cylinder block and  crankcase, and (c) c ircu la ­
tion of heated a ir  a roun d  the engine exterior. The 
first tw o  m ethods are  heating by conduction; the 
th ird  is heating  by convection. H eating  by rad ia ­
tion, using reflected heat from  ligh t-pain ted  su r­
faces or in fra red  heat, is also possible. R ad ian t 
heat, a lthough  tr ied  experim entally, has no t yet 
been adopted as s tan d ard  practice.

(2 ) Preheating Requirements. Engine 
preheating  is usually  either continuous du ring  
shu tdow n, called standby  heating, or q u ick -s ta rt 
heating  fo r use d u rin g  a short tim e prio r to  engine 
s ta rtin g . As a consequence, preheaters used for 
any of the  th ree  m ethods outlined in ( 1 ) preced­
ing are classed as e ither standby or q u ick -s ta rt

HEATER EXHAUST DUCT 
TO ENGINE CRANKCASE

HEATER EXHAUST DUCT TO 
INSULATED BATTERY BOX

ENGINE COOLANT RETURN 
LINE TO HEATER

ENGINE COOLANT LINE 
FROM HEATER TO ENGINE

FORCED-DRAFT COMBINATION

HOT-AIR TYPE 
GASOLINE-BURNING HEATER

FIGURE 4A2-3
W interization Kit Installed on  30-Kw Engine -G enerator Set
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heaters, the m ain difference being the heat o u tp u t. 
S tandby heaters are in  continuous operation while 
engines are no t operating  and are  o ften  m anually  
or autom atically  tu rn e d  on im m ediately on engine 
stoppage. They m ain ta in  engines, therefore, only 
a t  approxim ately norm al operating  tem peratu re . 
T heir o u tp u t ranges from  20,000 to  30,000 B tu / 
h r. Q u ick -s ta rt heaters m ust have a m uch g reater 
o u tp u t, fo r exam ple, 200,000 B tu /h r , because 
they m ust heat a cold-soaked engine to  norm al 
operating tem p era tu re  w ith in  a given time. The 
shortest possible tim e is p re fe rred , b u t because of 
the size of heater requ ired  and the dam aging 
effect of raising the  tem p era tu re  of engine parts

too rapid ly , time fo r heating  is lim ited to  a period 
of 15 m inutes to  1 h o u r a t — 65° F am bient tem ­
pera tu re , depending on engine mass.

(3) Engine Coolant Heaters. Because 
coolant heaters em ploy a liqu id  heat-exchange 
m edium, they are applicable only to  liquid-cooled 
engines. C ircu lation  of the heated  engine coolant 
is either by therm osiphon action  or by a small elec­
tric  pum p on the h ea ter. A typ ica l hea ter is shown 
in F igure 4A 2-4. C oolant heaters commonly used 
in m ilitary  engine w in te riza tio n  k its  are ra te d  a t
21,000 B tu /h r ;  9,000 B tu  are  c ircu la ted  th ro u g h  
the coolant to  the engine and heating  pad of an in ­
sulated b a tte ry  box, and  the  rem aining 12,000 B tu ,

FIGURE 4A2-4

Engine  C oo la nt Heater, 20,000 B tu /H r
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in the hea ter exhaust gas, are directed around the 
engine accessories, engine oilpan, c lu tch  housing, 
and  so on. These heaters are gasoline-burning, 
fo rc ed -d ra f t heaters, w ith  an electric fuel pum p 
operating  on 6, 12, or 24 volts, depending on the 
equ ipm ent’s e lectrical system. M aximum fuel con­
sum ption is 0 .19  g a l/h r .

(4 ) C ontam inated-A ir H eaters . A ir­
cooled engines can be heated directly  by combus­
tion p rod ucts  from  a heater or by such products 
d ilu ted  w ith  fresh air. B atteries are enclosed in an 
insulated  box th ro u g h  w hich the contam inated a ir 
c irculates. H ea ters of this type are bu ilt w ith  
bu rners th a t  have high excess air (low COL>) to p ro ­
duce a large  volum e of com paratively low -tem ­
p era tu re  exh aust gases. Batteries are heated 
rap id ly , b u t the system m ust be equipped w ith  
therm osta tic  valves to  c u t off the heat supply be­
fore the b a tte ry  case reaches a tem peratu re a t 
w hich it m ay be dam aged.

( 5 ) R adian t H ea ting . A modification of 
the con tam in ated -a ir system carries the products 
of com bustion th ro u g h  ducts and heat radiators 
located ad jacen t to the points to be heated so th a t 
engine p a rts  are p ro tected  from  con tact w ith the 
com bustion p roducts. A com bination of radiators 
and d irec t heating  using exhaust gases can be de­
signed to ob ta in  fa irly  high heating efficiency w ith  
pro tection  fo r personnel and all delicate parts of 
the equipm ent.

(6 ) Fresh-Air Heaters, Air-cooled en­
gines can be heated w ith  fresh hot air blown to the 
points to  be heated. This system involves the de­
sign of a hea te r w ith  a large heat exchange su r­
face and a po w erfu l blow er to propel fresh air over 
the surface , then  th ro u g h  ducts to the point of 
application.

(7) Engine Enclosures,
(a ) Side Panels, Special engine 

com partm en t side panels of both wood and m etal 
have been tested  un der cold conditions. The tests 
indicated  th a t  wood panels presented a fire hazard  
and w ere too difficult to  remove to be practicable, 
and th a t  the m etal types, as designed, w ere also im ­
practicab le . A com m ercial type of side panel and 
hood assembly w as ind icated  to be preferab le to the 
special types tested.

(b ) B lankets, Hood blankets, com­
m only used in A rc tic  service, have usually  been 
fab rica ted  of heavy canvas and are sometimes 
filled w ith  kapok  or o ther insulating  m aterial to

p ro tec t the engine and help re ta in  engine heat d u r ­
ing shu tdow n periods. Because of th e ir bulkiness, 
how ever, canvas hoods are difficult to handle and 
install, and because they accum ulate d ir t  and 
grease, they become a fire hazard . Also, while the 
engine is operating , the blankets absorb m oisture 
from  m elted snow, and du ring  shu tdow n periods 
they shrink and become stiff. They can be im ­
proved by being made w a te r  repellent. For flexi­
b ility  and heat insulation, woolen blankets are 
m uch b e tte r th an  canvas. N ylon, also, is unaffected 
a t —40° F and below and w ould probably be b e tte r 
th an  canvas in this application. F u rth e r investiga­
tion is necessary to provide engine com partm ent 
insulation th a t is w aterp roof, fireproof, lig h t­
w eight, and sa tisfacto ry  in therm al qualities. (Ref. 
101 , 102 . )

(c) W in ter fron ts. Canvas w in ter- 
f ro n t blankets and rad ia to r cu rta ins have been 
the type most commonly used. They are, how ever, 
difficult to roll and un ro ll because of absorption 
and freezing of m oisture. Results of tests indicate 
th a t  a com m ercial w in te rfro n t, controllable from  
w ith in  the cab, has been developed th a t  is satis­
fac to ry  for A rctic  service. The chief d isadvan­
tage of some com m ercial types has been their in ­
ab ility  to w ith stand  severe v ibration. (Ref. 101, 
102.) A simple w in te rfro n t for rad ia to rs devel­
oped by the A rm y Corps of Engineers, shown in 
F igure 4A 2-5, consists of a movable and a s ta tion­
a ry  alum inum  sheet perfo ra ted  w ith  1 V i - in c h  

holes. This type is rugged  enough for construction  
equipm ent and is cleaned easily simply by lifting  
the ou te r sheet.

4. M O D IFICA TIO N .
a. Tracks, W ide tra c k  shoes are p referred  

over s tan d ard  shoes to increase flotation by reduc­
tion of u n it g round  pressure. Snow and ice shoes 
and snow sprocket wheels, or their equ ivalent, are 
requ ired  on craw ler tr a c to r  equipm ent for w in te r 
operations. I f  snow and ice shoes are not available, 
s tan d ard  tra c k  shoes can be altered by c u ttin g  3- 
inch-square holés in each tra c k  plate over the line 
of the drive sprocket. Snow can then clear itself 
from  the sprocket instead of becoming packed in ­
side. The squares th a t  have been c u t ou t of the 
tra c to r  plates m ay be c u t in half and welded in a 
staggered p a tte rn  to  the existing cleats to  form  ice 
grousers. These grousers are effective fo r opera­
tions on m arshy tu n d ra  and in m ud, as well as on 
snow and ice.
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OUTER (SLIDING) AND 
INNER (STATIONARY) 

ALUMINUM SHEETS

WINTERFRONT 
RADIATOR 

MOUNTING FRAME

F IGURE 4A2-5

Perforated-Alum inum  Sheet-Type Radiator 
W interfront

W hen operating  in snow, id ler rollers become 
clogged and w ill no t revolve. They should be re­
placed w ith  hardw ood skid blocks shaped to  ca rry  
the  upper track s . A n elongated slot should be pro­
vided in the skid blocks over the  f ro n t axle to  allow 
tra c k  release action. R oller guards, m ade of heavy 
steel plates, should be installed on bo th  sides of the 
ro ller fram es to  keep o u t snow, ice, g ravel, and 
silt. Canvas socks should be installed a roun d  the 
springs.

b. Engine E xhaust. Engine exhaust should 
be d irected aw ay from  the  op era to r’s line of vision. 
In  cold w ea ther, steam  form ed from  condensed ex­
h au st gases reduces visibility  and is th u s  a hazard  
to  safe and efficient operation.

c. Lights and Storage B a ttery  Locations. 
L ights should be ca re fu lly  located to  avoid their 
restric tin g  the  vision of the  opera to r and  becoming 
packed w ith  snow th ro w n  by the  track s . The 
storage b a tte ry  should be housed in a box insulated 
w ith  a m ateria l th a t  w ill w ith stan d  the  v ibration  
of the equipm ent. The box should have a heating 
pad  connected to  the  coolant heating  system  and

should be equipped w ith  b a tte ry  liftin g  handles. 
I t  is recommended th a t  th e  b a tte ry  box be located 
w ith in  the cab, p re fe rab ly  u n d er the r ig h t seat, to  
reduce exposure to  w ind chill, p reven t dam age to  
the coolant lines, and avoid in terference  w ith  con­
trols. (Ref. 102.)

d. A ir  In takes. To p rev en t snow from  being 
sucked in w ith  th e  engine a ir , the  a ir  in tak e  should 
be located inside the  cab o r in  some other sheltered 
p a r t of the prim e m over. (R ef. 103.)

e. Fuel System s. A bleeder valve or d ra in  
cock should be inserted  in an  accessible location 
near the lowest po in t of th e  fuel system. This 
allows easy d rainage of any  fuel rem aining in the 
fuel tub ing  system a f te r  engine stoppage and thus 
avoids possible ice clogging.

f. Sa fe ty  Features. M any equipm ent acci­
dents caused by the  o p e ra to r’s foot or hand  slip­
ping when w earing  A rctic  c lo th ing  can be avoided 
by providing nonskid w alk ing  or stand ing  surfaces 
and oversized handles on the  equipm ent. G ra ted  
types of p latform s, ru n n in g  boards, and w alkw ays 
are self-cleaning fo r snow and  ice. S tan dard  equip­
m ent can also be m ade nonskid by applying pa in t 
mixed w ith  em ery d u s t to  all foot surfaces. O v er­
sized door handles and sim ilar fix tu res are required  
so th a t  operators w earin g  b u lk y  gloves can ob­
ta in  good grips. A fu r th e r  safe ty  fea tu re  is the 
coating of con tro l handles w ith  a co ld-resistan t or 
nonconducting p a in t so th a t  bare hands w ill not 
freeze to  the handles.
4A2.03 EQUIPMENT OPERATOR PROTECTION

An enclosure of some type  to  shield the operator 
from  the w ea ther is necessary d u rin g  w in te r  on 
every type of con struc tion  equipm ent. Enclosures 
m ay range in type  from  canvas, installed  around  
foot controls and  seat to  p ro tec t the op era to r’s 
feet from  cold and snow, to  fu lly  equipped cabs. 
R ough frozen te r ra in  m akes i t  p referab le  to  use 
th ree-po int cushion (coiled spring  or ru b b er block) 
suspension fo r t r a c to r  cabs. Also, a quick-escape 
ha tch  should be located in  the  roof ju s t over the 
d riv e r’s seat of t r a c to r  cabs to  avoid the possibility 
of the d river being trap p ed  if  the  tr a c to r  should 
break  th ro ug h  ice. Insu la tion  should be provided 
behind all solid panels o f the  cab, and the cab 
should be p ro tected  on the  inside by canvas or o ther 
suitable lining. D ouble glass, or single glass and 
fro st shields, should be insta lled  in all doors and 
windows. T in ted  w indshields reduce snow glare.
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Plastic  w indow s are  no t sa tisfacto ry  because they  
filte r o u t some lig h t and  scra tch  easily if  frost is 
brushed from  the su rface . The windshield should 
be equipped w ith  defrosters or a fro st shield and 
m anu ally  operated  w indshield wipers. Canvas 
boots should be placed over control openings to  
p rev en t cold blasts from  entering  the cab. I f  p rac ­
ticable, cabs should be designed so th a t  the  operator 
has ready  access to  the  controls of winches and 
o ther au x ilia ry  equ ipm ent w ith o u t being required  
to  open w indow s.

Engine hea t can  be used fo r cab heating by in ­

stalling  a louver, ad justab le  from  inside the cab, in 
the low er portion  ju s t above the controls. Special 
care m ust be exercised to  keep exhaust gaskets 
tig h t to  p reven t gases entering  the  cab. F igure 
4A2-6 shows a 2 0 ,0 0 0 -B tu /h r, 100-cfm  forced- 
d ra f t  uncon tam in ated -a ir heater commonly used 
in cabs of m ilita ry  equipm ent to  supply adequate 
heat fo r  personnel a t  am bient tem peratu res of 
— 65° F. I t  is gasoline b u rn in g  and has an electric 
fuel pum p and blow er operating  on 6, 12, or 24 
volts, depending on th e  equipm ent’s electrical sys­
tem . M axim um  fuel consum ption is *4 g a l /h r .

FIGURE 4A2-6
Forced-Draft Uncontam inated-A ir C a b  Heater, 20,000 B tu /H r

Section 3. PREPARATION OF EQUIPMENT FOR COLD-W EATHER OPERATIONS

4A3.0I INTRODUCTION
This Section deals w ith  the in itia l adjustm ents 

and th e  fuels, lu b rican ts , antifreezes, hydrau lic  
fluids, p reservatives, and  the like fo r low -tem pera­
tu re  operation  of au tom otive , construction , and 
pow ered u t i l i ty  equipm ent. The practices and m a­
terials a re  common to  all the Services. They are 
the  re su lt of experience gained from  extensive 
lab o ra to ry  and  field tests as w ell as in-service use.

They are  applicable to  w in terized  and nonw in ter- 
ized equipm ent.

D etailed in struc tions on the p reparation  and 
servicing of diesel-, gasoline-, steam -, and elec­
tric-pow ered  au tom otive and  construction  equip­
m ent and  the  accessory equipm ent w ill be provided 
by th is B ureau  on request. The instructions th a t  
follow are  fo r  in tended  use of equipm ent a t  p re ­
vailing  am bient tem p era tu res below 0° F.

4-19



4A3.02 COLD-WEATHER PREPARATION
1. PREIN SPEC TIO N . E quipm ent efficiency in 

any clim ate depends on m echanical or w ork ing 
condition. This is p a rticu la rly  tru e  if the equip­
m ent is to  w ith stand  added difficulties and failures 
d u ring  low -tem pera tu re  operation. I t  is of utm ost 
im portance, therefore , th a t  all equipm ent be 
thoroughly  inspected and properly  readied before 
being serviced fo r lo w -tem pera tu re  use. If  a t all 
possible, this should be done stateside or a t depots 
w here equipm ent or com ponent p a rts  not in first- 
ra te  m echanical condition can be replaced. A l­
though  the follow ing recom m endations m ay ap­
pear as unnecessary duplication  in some respects, 
low -tem peratu re  field experience has shown th a t 
such preparation  of equipm ent has prevented m any 
m echanical failures.

2. DEFECTIVE PARTS. To conduct a 
thorough  inspection th a t  w ill reveal broken, 
cracked, w orn, corroded, deterio ra ted , or loose 
parts , preservative coatings should be removed and 
the equipm ent com pletely steam -cleaned and 
drained of all lu b rican ts. Visual inspection should 
be made of seals, linkages, drive belts and chains, 
the electrical system, ad justm ents and condition of 
con tro l devices, w inch cables, and so on. Defective 
p arts  should be replaced or repaired  so th a t  the 
equipm ent is m echanically in a firs t-ra te  condition.

3. NORMAL PERFORM ANCE. The equipm ent 
should then be serviced and ad justed  fo r tem perate 
clim ate conditions as prescribed by the m anu fac­
tu re r ’s or Service operation m anual. The equip­
m ent should be operated sufficiently to assure th a t 
it  is sa tisfacto ry  in reg ard  to  its norm al tem pera­
tu re -ra te d  perform ance capacity  and safety.

4. REA DJUSTM EN T. W hen it  is satisfacto ry , 
the equipm ent should be drained and flushed of 
all lub rican ts, hydrau lic  fluids, coolants, and fuel. 
W interization  should be installed and the equip­
m ent repain ted  as necessary. I t  should be properly 
read justed  for lo w -tem pera tu re  operation in ac­
cordance w ith  par. 4A2.02 and the m a n u fa c tu re r’s 
or Service in structions and replenished w ith  cold- 
w eather m aterials (p a r. 4A 3.03).

5. W IN T E R IZ A T IO N  PERFORM ANCE. The 
equipm ent (includ ing  w in teriza tio n , accessories, 
and a ttachm ents) should again be operated su f­
ficiently to c ircu la te  the cold-w eather m aterials 
thoroughly  and to  indicate any m alfunction ing  re­
qu iring  correction. This operation can be per­

form ed w ith ou t equ ipm ent dam age, even th ou gh  
am bient tem peratu res are com paratively  high, if  
indicators (pressure, tem p era tu re , and o thers) are 
carefu lly  observed so th a t  the equipm ent is no t 
overheated or overloaded.
4A3.03 COLD-WEATHER SERVICING 

MATERIALS
M aterials prescribed fo r co ld-w eather servicing 

of autom otive, construc tion , and  u tili ty  equ ip ­
m ent are listed in the follow ing subord inate  p a ra ­
graphs. They m ay be requisitioned from  N av y  
stock.

1. FUEL.
a. Gasoline Engines and Burners. Fuel fo r 

all gasoline engines and gaso line-burning heaters 
and stoves is as follows.

( 1 ) W ithin Continental Limits. M, Class 
C m otor fuel, Federal Specification VV-M -561, 
(Reid vapor pressure, 12 to  14 lb ) .

(2) Outside Continental Limits. T ype C 
autom otive com bat gasoline, M ilita ry  Specification 
M IL-G-3056.

b. Diesel Engines and Oil Burners. Fuel fo r 
all diesel engines and  fuel oil b u rn in g  heaters and 
stoves is Class 3 diesel fuel oil, M ilitary  Specifica­
tion M IL-F-896.

c. Kerosene Burners. Fuel w herever k ero ­
sene is specified is com m ercial g rade  kerosene, Fed­
eral Specification VV -K -211. N O T E : Kerosene 
has a pour point of —40° F and  a freezing po in t of 
- 6 0 °  F.

2. LUBRICANTS.
a. Crankcase Oil. C rankcase oil fo r gasoline 

and diesel engines, com pressors, hydrau lic  cou­
plings, and o ther com ponent p a r ts  w hen engine oil 
is norm ally prescribed as a lu b ric a n t is as follows.

(1) A t Am bient Temperatures of 32° F 
to —10° F. L ub rica tin g  oil, in te rn a l com bustion en­
gine, diesel, M ilitary  Specification M IL-L-9000.

(2) A t Am bient Temperatures Below 
— 10° F. Subzero engine oil, M ilitary  Specification 
M IL-O-10295.

b. Gear Oil. L u b rican t fo r gearboxes, such 
as transm ission, tra n s fe r  cases, pow er takeoff, 
w inch, flu id -lub rica ted  un iversa l jo in ts, and sim ilar 
equipm ent is subzero un iversal gear lu b rican t, 
M ilitary Specification M IL-L-10324.

c. Transmission Fluid. F lu id  for au tom atic  
fluid-type transm ission is subzero engine oil, Mili­
ta ry  Specification M IL-O -10295.
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d. Torque Converter. L ub rican t fo r to rque 
converters is Class I I I  diesel fuel oil, M ilitary 
Specification M IL-F-896.

e. Winch Cables. For w inch cables and all 
oilcan points w here engine oil is norm ally p re­
scribed and fo r lu b rica tin g  and preserving in ternal 
m achine surfaces, the lu b rican t is preservative 
(special) lu b rica tin g  oil, M ilitary  Specification 
M IL-L-644.

f. W ater Pumps. W ater-repellen t lu b ri­
can t fo r  w a te r  pum ps and  sim ilar equipm ent is No. 
4 w a te r-p u m p  grease, Type A, G rade 4, Federal 
Specification VV -G -632.

g. Chassis Grease. Chassis grease for all 
grease fittings, w heel bearings, tra c k  rollers, 
d riv ing  sprockets, steering-gear joints, and slip 
joints, and w henever general purpose grease 
No. 0, 1, o r 2 is prescribed for tem perate climates, 
is autom otive and a r tille ry  grease, M ilitary Speci­
fication M IL -G -10924.

h. Lubricating Instrum ents . F luid for lu b ri­
ca ting  in strum en ts  a t  all tem peratu res, and sealing 
bearings of engine generators, s ta rtin g  m otors, 
and sim ilar com ponents is in strum en t grease, Mili­
ta ry  Specification M IL -G -3278.

3. H Y D R A U L IC  FLU ID S. The follow ing fluids 
are  used fo r h y d rau lic  and hydrovac brake sys­
tem s and  all shock absorbers except H oudaille 
type.
C A U T IO N  : These fluids are  no t to  be used as brake 
fluid.

(1 )  Petro leum -base a irc ra f t hydrau lic  oil, 
M ilitary  Specification M IL-O -5606.

( 2 ) F lu id  fo r  hy d rau lic  b rak ing  systems, 
A rc tic  h y d rau lic  b rak e  fluid, US A rm y Specifica­
tion 2-138.

4. COM PRESSED-AIR SYSTEMS. For com­
pressed-air systems, such as a irbrakes, G rade III  
den a tu red  alcohol, Federal Specification O-A- 
3 9 6 (1 ) , is used.

5. E N G IN E  C O O LA N T, AN TIFREEZE. A n ti­
freeze fo r liquid-cooled engines and compressors is 
as follows.

a. Am bient Temperatures Above —40° F. 
E thylene-g lycol-type an tifreeze  com pound, US 
A rm y O R D  Specification 4-1116. N O T E : D ilu te 
60 p a rts  com pound w ith  40 p arts  w a te r.

b. Am bient Temperatures Below —400 F. 
A rctic  w in te r-g rad e  an tifreeze  com pound, US

A rm y D evelopm ent Specification. N O T E : Com­
pound is prem ixed. Do no t d ilu te  w ith  w a te r  or 
o ther substance.

6. W A SH IN G  A N D  CLEA N IN G  SOLUTIONS. 
The solution fo r w ash ing and cleaning m achine 
p a rts  is S toddard-solution  dry-clean ing solvent, 
Federal Specification P -S -661 a ( 1 ).
4A3.04 COLD-WEATHER HANDLING AND 

STORAGE OF FUEL
As tem p era tu res drop , m oisture from  the a ir 

condenses to  form  w a te r  in  fuel tanks, storage 
drum s, and containers. The w a te r  freezes below 
32° F, form ing ice crysta ls th a t  subsequently clog 
fuel lines and ca rb u re to r  jets. Observance of the 
follow ing p recau tions w ill overcome this fau lt.

(1 ) Use ICC types 17C and 17E, 3-gallon steel 
d ru m , sing le-trip  containers fo r handling fuel. 
(See Federal Specification R R -D -760.)

(2 ) T horough ly  clean all fuel containers of 
ru s t, sedim ent, o r foreign m a tte r  before storing 
fuel in them .

(3 ) I f  possible, a f te r  filling or m oving a fuel 
con tainer, allow the  fuel to  settle 24 hours before 
filling fuel tan k s from  containers.

(4 ) T igh ten  all closures of containers to  p re ­
ven t snow, ice, d ir t ,  o r o ther foreign m a tte r  from  
entering .

(5 ) W ipe all snow or ice from  dispensing 
equipm ent and from  aroun d  the fuel ta n k  filler 
cap before rem oving cap to  refu e l equipm ent. 
A fte r  refueling , secure filler cap tigh tly .

( 6 ) Avoid d rag g in g  fuel-dispensing hose 
nozzle over snow.

(7 ) S tra in  the fue l w hen tran sfe rrin g  i t  from  
one con tainer to  ano th er or w hen refueling  equip­
m ent, to  p reven t passage of w a te r. A w ire  mesh 
filter over chamois skin is recommended.
C A U T IO N  : Gasoline flowing over a surface gener­
ates s ta tic  e lec tric ity  th a t  w ill cause a spark  unless 
means are  provided to  g rou nd  the electricity . An 
effective g round  is the m etallic con tac t of the con­
ta in e r or dispensing hose nozzle held firm ly against 
the ta n k  o r con ta iner being filled.

(8 ) Keep fuel ta n k  fu ll, if  possible. The more 
fuel in  a ta n k , the  less volum e of a ir  is le f t to  con­
dense in to  m oisture to  freeze o r form  in crystals.

(9 )  R efuel equ ipm ent, w henever possible, a t
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the  end of th e  day’s operation  so as to  leave less 
airspace in  th e  fuel ta n k  and  to  perm it any w a te r 
to  settle o u t d u rin g  nonoperating  tim e.

(10 ) Bleed th e  d ra in  valve located  a t the  low ­

est point of the fue l system  ( if  equ ipm ent is w in ­
terized  in this m ann er) a t  th e  beginning and  end 
of the day. This elim inates any  w a te r  th a t  has col­
lected in th e  fuel system .

/
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PART B. EQUIPMENT MAINTENANCE AND REPAIR

Section I. MAINTENANCE A N D  REPAIR

4BI.0I GENERAL
The effect o f the  severity  of subzero operational 

conditions on equ ipm ent emphasizes the necessity 
fo r  effective p reven tive  m aintenance and adequate 
rep a ir facilities to  avoid costly breakdow ns and to  
ob tain  m axim um  life and  use. Advanced planning 
on type and  num ber o f repair p a rts  to  be stocked 
m ust be given prim e consideration. Replacements 
m ust be sufficient to  c a r ry  the  project over u n til 
the  nex t season.

E xtrem e cold agg rav a tes any m aintenance ta sk  
th ro u g h  physiological and  psychological personnel 
fac to rs. For instance, experim ents have proved 
th a t  the  tim e req u ired  to  screw a big n u t on a 
large  bo lt w as tw ice  as long w hen men wore m it­
tens instead o f using bare  hands. Also, m anual 
dex te rity  and  fine discrim ination by sense of touch 
are  lost a t  low  tem p era tu res.
4BI.02 SHELTERS

G enerally , shelters m ay  be th o u g h t of as semi­
perm anen t o r po rtab le . They are essential in m ain­
tenance and  rep a ir  to  re ta in  adequate hea t fo r p e r­
sonnel and  equ ipm ent operation and to  prevent in ­
te rference  from  blow ing snow.

Easily tran sp o rtab le  and  qu ick ly  erected rigid 
and  sem irigid s tru c tu re s , such as the  Quonset and 
Jam esw ay h u ts , are  com m only used as semiper­
m anen t m ain tenance and  repair shelters. O ther 
knockdow n tem p ora ry  buildings, bo th  arch  and 
s tra ig h t-sid e  designs, have been developed since 
W orld W ar I I  b u t  as y e t have no t been widely 
adopted p rim arily  because of high in itia l cost.

F actors o f im portance in selecting semiper­
m anen t m ain tenance shelters are size, flooring, 
heating  and  in su la tion , and  ven tilation . The 40- x 
10 0 -ft Q uonset o r Jam esw ay h u ts  are adequate in 
size and  ceiling heigh t to  accomm odate a Class IV  
tra c to r  w ith  cab. F looring of concrete or wood 
p lank ing  m u st be capable of supporting  heavy 
equipm ent. A tten tio n  should be given to  m ain end

doors to  p reven t snow d rif tin g  and subsequent 
m elting and  ice form ation  in f ro n t of th e  doors. 
Sometimes th is is done by w indbreaks o r by locat­
ing shelters so th a t  doors are kep t snow -free by 
blow ing w inds. Because a g rea t tendency exists 
to  ignore engine exhaust dangers a t  subzero tem ­
p era tu res  to  conserve h ea t, i t  is m and ato ry  th a t  all 
m aintenance shelters have adequate ven tila ting  
systems. A 40- x  1 0 0 -ft shelter requires about
400,000 B tu /h r  a t  —65° F to  be com fortable fo r 
m echanics. This hea t is usually  provided by a 
2 0 0 ,0 0 0 -B tu /h r uncon tam inated-a ir space hea ter 
located a t  each end of the  shelter.

P ortab le  shelters are  ligh tw eigh t collapsible en­
closures usually  only large  enough to  enclose one 
item  of equipm ent, such as a tra c to r. T ents have 
been used b u t do no t w ith stan d  high w inds. Some 
experim ental w o rk  has been done on air-in flated  
ten ts , w hich  assume a definite shape and  rig id ity  
and  have th e  adv an tage  of a ir  insulation to  re ta in  
heat. A ir cells are  contained betw een tw o  linings.

F IGURE 4B1-1
M obile  Field Repair Shelter
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Portable Uncontam lnated -A ir Heater, 40,000 to 
400,000 B tu /H r  Variable Output, 

Skid -M ounted

A ir pressures are only sligh tly  above atm ospheric so 
th a t they m ay be pum ped up  m anually  if  neces­
sary. A fab rica ted  po rtab le  field shelter consisting 
of a tu b u la r  fram e w ith  canvas covering is shown 
in Figure 4B1-1.
4BI.03 EQUIPMENT

1. A U XILIA RY ST A R T IN G  AIDS. P ortab le  
heaters are em ployed to  supplem ent w in te riza tio n  
k it  heaters in fac ilita tin g  cold s ta r tin g  of equ ip­
m ent and to  aid cold servicing, m aintenance, and 
repair of the equipm ent. They range in h ea t o u t­
p u t from  10,000 to  500,000 B tu /h r . A vailable 
commercial types include heated  uncon tam inated- 
or con tam inated-air and  heated-liqu id  c ircu la to rs . 
Depending on th e ir  size and  design, they  m ay be 
used to  heat ind iv idual item s of equ ipm ent, a group  
of items sim ultaneously, prov ide con cen tra ted  hea t 
on a p a rtic u la r  com ponent of equ ipm ent, o r w arm  
the inside of a po rtab le  shelter. F igure 4B1-2 
shows a portab le  m ilita ry  u n con tam in ated -a ir 
heater, sk id-m ounted to  fac ilita te  m oving i t  over 
snow. I t  has a variab le  h ea t o u tp u t from  40,000 
to  400,000 B tu /h r ,  w ith  an ad justab le  v en tila tin g  
a ir  delivery of 485 to  970 cfm . I t  is gasoline b u rn -

SLAVE RECEPTACLE CABLE

FUEL TANK AND 
BURNER COMPARTMENT 

DOOR, CLOSED

EXHAUST OUTLET COVER, OPEN

AIR INLET, COVER OPEN

ENGINE-GENERATOR CONTROL 
BOX ACCESS DOOR, OPEN

SWITCHBOARD DOOR

BATTERY COMPARTMENT DOOR, CLOSED

WIRING DIAGRAM PLATE 
AND  INSTRUCTIONS

FIGURE 4B1-3
Portable S lave  Kit for Sled  or Trailer M o u n tin g
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ANTIFREEZE CIRCULATING SYSTEM

BATTERY JACKET

PORTABLE TURBULENT HYDROHEATER

OIL HEATING COIL
DISCONNECT 

COUPLINGS

FIGURE 4B1-4
Portable Hydroheater Slave Kit, Sled-M ounted, Used To W arm  a Group of Tractors

ing and  is e ithe r engine or electric-m otor driven.
The po rtab le , han d -cran ked , blow er-type con­

tam in a ted -a ir  h ea te r  has an  o u tp u t of 8,000 B tu /  
h r . I ts  lig h t w e ig h t and  small size m ake i t  usefu l 
to  w a rm  prim e-m over s ta r tin g  engines, transm is­
sions, and  sim ilar equipm ent.

A m uch  m ore sa tis fac to ry  portab le heating  sys­
tem , a so-called slave k it ,  employs an  aux iliary  
hea te r along w ith  an  au x ilia ry  b a tte ry , as shown in 
F igure  4B1-3. (R ef. 104.) The k i t  includes a 24- 
vo lt b a t te ry  system , w ith  taps an d  switches p er­
m ittin g  i t  to  be connected as a booster to  the elec­
tr ic a l system  o f a  vehicle or o ther piece of equ ip­
m ent o p era tin g  on 6, 12, or 24 volts. I t  also 
includes a gaso line-engine-driven b a tte ry -ch a rg ­
ing g en era to r an d  a gasoline b u rn e r fo r supplying 
a large  volum e o f h ea t as an aid fo r qu ick  sta rtin g .

T he slave k i t  is generally  m ounted on a '/4-ton  
tru c k , sm all tra ile r , o r sled so th a t  i t  can be 
b ro u g h t close to  an y  item  of equipm ent to  be 
s ta rted . T he au x ilia ry  b a tte ry  is plugged in to  a

slave receptacle on th e  equipm ent (w hen provided) 
or clam ped to  th e  b a tte ry  posts of the  equipm ent 
by a flexible pow er cable. Most w in terized  m ili­
ta ry  vehicles are  p rov ided w ith  these slave recep­
tacles fo r connecting  outside batteries. A flexible 
tu b e  connects th e  exh aust ou tle t of the hea ter to 
the  engine com partm ent, w arm ing  and d ry ing  en­
gine accessories.

Because th e  au x ilia ry  b a tte ry  has a high ca­
p ac ity  w hen fu lly  charged  and w arm ed, and  be­
cause the hea te r has a h igh enough o u tp u t to  w arm  
th e  engine crankcase, in le t m anifold, and cylinder 
w alls rap id ly , s ta r ts  on average-size vehicles can 
be obtained w ith in  five m inutes. I f  the slave k it  
itse lf is cold, th e  self-contained heater can  be 
s ta r te d  and used to  w arm  the  slave k it batteries 
and  engine gen era to r, as w ell as the  vehicle parts .

One slave k i t  should be provided fo r each group 
of $ to  10 item s of tran sp o rta tio n  and  construction  
equipm ent. I t  is u sefu l, of course, fo r qu ick  s ta r t ­
ing  only those pow erp lan ts located nearby.
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A n im p ortan t adv an tage  in  hav ing a t  least one 
slave k i t  w herever vehicles are  stationed is th a t  all 
vehicles or o ther k inds of equipm ent can be w arm ed 
fo r s ta rtin g  even th ou gh  they  do no t have any 
self-contained s ta r tin g  aids. A nother advan tage is 
th a t  the slave k i t  can  also be used to  recharge ru n ­
dow n batteries o r  to  s ta r t  equ ipm ent whose b a t­
teries are  discharged.

A com m ercial type  o f slave k it, tra ile r-  or sled- 
m ounted (F igu re  4B 1-4 ), uses the  available heat 
of an in te rn a l com bustion engine as a hea t source. 
I t  is equipped w ith  in le t and  ou tle t coolant hoses 
th a t  have qu ick-disconnect fittings. The fittings 
enable the heating  o r slave k i t  engine coolant sys­
tem  to  be easily connected w ith  the  cooling system 
of the equipm ent, w hich also has quick-disconnect 
fittings. In  th is m anner, heated engine coolant 
from  the  slave k i t  engine is c ircu la ted  th ro u g h  the 
engine being w arm ed up  fo r cold s ta rtin g . The 
u n it also utilizes fric tio nal heat from  an engine- 
d riven genera to r used as a P rony  brake.

The principal d raw b ack  to  general use of slave 
k its  instead of s ta r tin g  aids b u ilt in to  the  equip­
m ent is th a t  vehicles and  pow erplants in  the  field 
m ay be parked  in  rem ote areas or o ther locations

w here slave k its  are  n o t available. Self-contained 
heating un its, on the  o ther hand , are  alw ays pres­
en t on the equipm ent.

2. LUBRICATORS. Low tem p era tu re  and  
blowing snow impose difficulty in  rou tine  ou tdoor 
field lubrication  because of icing a roun d  grease 
fittings and stiffened lu b ric a n t in  th e  equipm ent. 
In  addition , difficulty is experienced in  hand ling  
grease guns, hoses, valves, and  sim ilar items. I t  is 
best, therefore, to  w in te rize  po rtab le  lu b rica to rs  
to  be used in the  field to  assure  th a t  adequate  
fluidity  and pressure of a  new  lu b rican t is ob­
tained and th a t  some h ea t is p rov ided to  open 
frozen grease fittings. T he lu b ric a to r  u n it should 
be m ounted on a ski-equipped tra ile r  o r sled 
m ounted to  increase c ross-coun try  m obility.

3. FIELD REPA IR SHOPS. Field rep a ir shops 
fo r the Cold Regions consist o f th e  same basic hand  
and pow er tools, h y d rau lic  presses, and  w elding 
and gas cu ttin g  equ ipm ent th a t  are  furn ished  w ith  
m otorized m ilita ry  field* rep a ir  shops fo r vehicle 
and construction  equ ipm ent. Because of env iron­
m ental conditions, how ever, the  shop is usually  
m ounted on a sled fo r  m obility . Special provisions 
are also m ade fo r h ea tin g  th e  shop in te rio r fo r  the

FIGURE 4B1-5
W interized Field Repair Shop, Sled-M ounted, Showing Folding S id e  Extensions in Use
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com fort o f th e  m echanics. L ightw eight lean-tos or 
fo ld ing  side extensions, covered or uncovered, en­
close equ ipm ent to  be repaired. A n additional 
p o rtab le  a ir  h ea te r  th a t  has ducts to  d irec t hot a ir  
a ro u n d  th e  equ ipm ent com ponent being repaired is 
p a r t  o f th e  w in te riza tio n  of the repair shop. A 
ty p ica l n o rth e rn  o r w in terized  mobile repair shop 
is show n in  F ig u re  4B1-5.

4. PORTA BLE FLOODLIGHTS. Portab le 
floodlights are  necessary fo r outside construction

and  field m ain tenance and  repair because of the  
long season of short days in  the F ar N o rth . S tand­
a rd  1,000 -w a tt reflectors m ounted e ither on t r i ­
pods or field rep a ir shops are suitable fo r  ou tdoor 
use. T heir serviceability  under A rctic  env iron­
m ent is good, a ltho ugh  consideration m ust be given 
to  ob tain  firm  trip o d  footing  a n d /o r  m ounting  to  
w ith stan d  high w inds and  to  avoid rough  handling 
of lam ps because of th e ir  g rea te r f rag ility  w hen 
cold.

Section 2. COLD-WEATHER W ELDING

4B2.0I LOW-TEMPERATURE WELD PROPERTIES

1. T H E O R E T IC A L  ASPECTS. Research on the 
properties of fusion welds a t low  tem peratu res 
has been qu ite  lim ited and  has, in  general, been 
confined to  w elded te s t pieces th a t  have been 
m achined. In  view  of the  extrem e sensitivity of 
ce rta in  fe rr itic  steels to  surface  im perfections 
w hen sub ject even to  s ta tic  loading a t low tem ­
p era tu res , the charac teristics of the w eld m etal of 
unm achined w elds m ay be qu ite  different from  th a t  
of m achined w elds. In  p ractice, the surface of a 
w eld , p a r tic u la r ly  if  i t  w as made in a vertical o r 
overhead position, is v e ry  roug h  in comparison w ith  
th a t  of th e  p la te  in  w hich  i t  occurs, and i t  is pos­
sible th a t  th e  flow no tch  m ight decrease the  im pact 
resistance of th e  w eld  over th a t  of the  plate . In  w eld 
research , a tten tio n  has been given to  the  gaseous con­
s titu en ts  o f th e  w eld  and  the m etal in  its vicin ity , 
th e  m ost com m on o f w h ich  are nitrogen and  hydro­
gen. M odern w elding techniques reduce the  pickup 
of e ither gas, b u t  w hen pickup  occurs, its d e tri­
m ental effects (m ostly  increased no tch  sensitivity) 
can  be reduced  by postheating  the welded p a r t to  a 
tem p era tu re  and  fo r a period th a t  are governed by 
the  thickness of the  w eld. A fte r  postheating, the  
w eld should be allow ed to  cool slowly. A dditional 
in fo rm ation  is given in  R obert D . S to u t’s paper, 
"T h e  P roperties o f  W eldm ents a t Low Tem pera­
tu re s ,”  presen ted  a t  Symposium on Effects of Low 
T em pera tu res on th e  Properties of M aterials, M arch 
19, 1946, by th e  Philadelphia D is tric t of the  A m er­
ican Society of T esting  M aterials.

2. CA RBO N  STEELS. W ith  decreasing tem ­
p era tu res , w elded specimens of carbon steels show 
a definite tendency  to  increase in u ltim ate  stress, 
yield, and  elastic m oduli. D u c tility  of carbon 
steels decreases a t  low er tem peratu res. H igh- 
m ang anese /ca rbo n -ra tio  m ild-steel welds th a t  are

low  in n itrogen  and hydrogen and are subsequently  
hea t tre a ted  and  m achined have good no tched-bar 
im pact resistance in  com parison w ith  th a t  of the  
p la te  in  w hich  they  occur. O n the o ther hand, 
m achined b u t unstress-relieved welds m ade w ith  
covered electrodes have a t  least as low a transitio n  
tem p era tu re  as th a t  of the plate. T herefore, w hen 
the highest possible low -tem pera tu re  im pact re ­
sistance is requ ired  in a welded p a r t  m ade of as- 
rolled o r norm alized m ild or slightly alloyed steel, 
p a r tic u la r  a tten tio n  m ust be given to  the  chem ical 
composition of th e  w eld and  base m etal and to  the 
w elding technique adopted. The m anganese/car- 
bon ra tio  should be high, and the w elding should 
be done by a process th a t  tends to  reduce the  n itro ­
gen and hydrogen pickup . A fte r  w elding, a stress- 
relieving and  gas-expelling heat trea tm en t should 
be given and, if  p rac ticab le , the w eld should be 
m achined to  rem ove all surface  roughnesses th a t  
m igh t a c t as centers of c rack  propagation . (R ef. 
48 .)

3. FE R R IT IC  ALLOY STEELS. The sta tic  me­
chanical properties of low -alloy w elded steels a t 
low  tem p éra tu res behave m uch like those of c a r­
bon steels. B u t if  the  alloying constituen ts are such 
th a t  the steel becomes an  a ir-harden ing  one, then  
th ere  w ill be a zone ad jacen t to  the w eld whose 
characteristics g rea tly  differ from  those possessed 
before w elding. I f  the p a r t  in question is s tru c ­
tu ra l ly  im p o rtan t and  m ay be exposed to  low 
tem p era tu res, a post w elding heat tre a tm en t should 
be ca rried  ou t.

4. A U ST E N IT IC  STEELS. W elded steels of the 
18 /8  class (18 C r, 8 N i) appear to  preserve, a t 
low  tem p era tu res, approxim ately  the  same re la tion­
ship to  unw elded m etal as to  th e ir  ow n sta tic  
m echanical p roperties a t  room  tem peratu res. I f , 
how ever, th e  w eld is to  be exposed to  very  low
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tem peratu res and  m achining is no t practicab le , 
the characteristics of the  unm achined w eld m etal 
un der bo th  s ta tic  and  dynam ic loads can  be m uch 
im proved by using an austen ite  steel w elding rod. 
A n argon or helium  arc  technique is recom m ended 
fo r m aking such a w eld, a ltho ugh  a subm erged arc 
w eld w ould probably  be equally  satisfacto ry . 
(R ef. 48 .)
4B2.02 LOW-TEMPERATURE WELDING 

PRACTICE
1. TECHN IQ UES. A rc w elding u n d er cold- 

w ea ther conditions involves few  changes from  con­
ventional techniques. T here are, how ever, certa in  
recom m ended precautions.

(1 ) P reheat the w o rk . (Some steels requ ire  
p reheat under any conditions.) The chem ical com­
position of the steel and th e  thickness of the sec­
tion  being know n, the degree of p reheat required  
can be determ ined.

(2 ) Use a w elding procedure th a t  g radu ally  
increases the tem p era tu re  of the en tire  assembly; 
fo r  exam ple, stagger welds w hen possible. (See 
F igure 4B2-1.)

(3 ) Use low -hydrogen electrodes to  m ini­
mize occurrence of un derbead  crack ing .

(4 ) M ake slow, th ick  beads ra th e r  th an  fast, 
s tr in ger beads.

( 5 ) M ake welds slightly  convex ra th e r  th an  
concave. W eld uphill ra th e r  th an  dow nhill.

(6 ) Use techniques and p la te  p repara tion  
designed to  reduce com binations of alloys and high- 
carbon base m etals. H igh -carbon  steels are diffi­
c u lt to  w eld un der any conditions. They require 
thorough  p reheating  in and  near the w elded zone 
and should be subsequently  annealed a t  1,350° to 
1,450° F.

FIGURE 4B2-1

Block Sequence  of W elding

2. RECOMMENDED ELECTRODES. Elec­
trodes used successfully by  th e  B u reau  of Y ards 
and Docks a t Po in t B arrow , A laska, are given in 
the follow ing tab le.

Type of steel

Open-Hearth, hot-rolled 
low-carbon SAE 1020 
stru ctu ra l steel, ASTM- 
A-7-46 (C, 0.18 to 0.23; 
Mn, 0.30 to 0.60).

Medium-carbon content 
SAE 1040; hot-rolled, 
cold-rolled. NOTE:
Weld fully annealed 
only. H eat-treat a fter 
welding to not over 280 
Brinell scale. (Higher 
hardness will not stand 
up on plain carbon 
steel. )
Standard line pipe (for 
construction use), API 
specification grade x 42 
and drill pipe, API 
specification grade D 
(C, 0.42; Mn, 1.3 5; P, 
0.017; S, 0.019; Si, 
0.20 ).
API high-strength cas­
ing, grade J-5 5 and 
grade N-80.

SAE 3140; SAE 4140; 
weld-annealed or tem­
pered to not over 285 
Brinell scale.
T ractor rollers and 
idlers rebuilding and 
hard-surfacing.

Type of electrode 
and welding procedures

(1) AWS E-6012 (Lincoln Fleet 
No. 7 ). Used on low-alloy steels 
in the higher carbon content 
varieties, it  must be stress-re­
lieved. H eat heavy sections to just 
below critical range, 1 hr per in., 
and cool slowly.
(2) AWS E-6010 (Lincoln Fleet 
No. 5). Used on low-alloy steels 
in the low er carbon varieties. 
Light sections used as welded; 
heavy sections stress-relieved a t 
1,050° F.
Preheat heavy sections to 300° to 
500° F before welding.

AWS E-7010 (Lincoln Fleet No. 
85). Preheat to 600° F; stress- 
anneal a t 850° F.

AWS E-6016 (USN BuShips Speci­
fication 46E8, grade 2) low-hy­
drogen (Lincoln LH 70). Preheat 
to 600° F; stress-anneal a t 850° F.
AWS E-7010; AWS E-6016 (low- 
hydrogen). Preheat to 650° F; 
stress-relieve a t 800° F.

Autom atic application, submerged 
arc, a lternating  curren t. For 
buildup, use high-carbon w ire (C, 
0.60 to 0.70; Mn, 1.00; Si, 0.14). 
NOTE: Stoody high-carbon used 
on idlers w ithout hard-surfacing. 
No preheat required; stress-relieve 
a t 1,150° to 1,200° F; cool slowly. 
To hard-surface built-up rollers 
(submerged arc as above), 2 
passes Stoody 105. No preheating 
or stress-relieving required.

4-28



PART C. SITE MAINTENANCE

Section I. SUMMER MAINTENANCE OPERATIONS

4CI.0I CAMP FACILITIES

1. D R A IN A G E. In  the Cold Regions the ice 
b reaku p  o r th a w  period preceding summer and 
the  freezeup period follow ing sum m er are the most 
c ritica l times in  the m aintenance of pavem ent and 
o ther traffic areas. As soon as a th aw  begins, 
ditches, d rains, cu lv erts , and o ther critica l points 
in  the drainage system should be opened, if neces­
sary , w ith  th aw in g  equipm ent in preparation  for 
spring floods. P ortab le  boilers should be provided 
fo r this purpose. A tten tio n  m ust be given to com­
pacted  snow on shoulders and other areas, which 
m ay m elt and refreeze, and to places where its 
presence w ould  in te rfe re  w ith  drainage. Abnorm al 
traffic loads d u rin g  the breakup  period should no t 
be perm itted  because they  m ay cause subgrade 
pum ping of concrete surfaces and break th rough  
of b itum inous and  gravel surfaces. M elting ice and 
snow, spring rains, and  frost leaving the ground 
all have a tendency  to  sa tu ra te  permeable su r­
faces, raise the  w a te r  tab le , and m ake subbases u n ­
stable. P a r tic u la r  a tten tio n  should be given d u r ­
ing this period to  p ro tec tin g  the drainage shed of 
the w a te r  supply. A ny evidence of w in te r con­
tam ination  should be no ted  and corrected.

2. U T IL IT IE S . U tilities and the ir component 
p a rts  should be ca re fu lly  checked and overhauled 
in accordance w ith  norm al w in te r p reparation  p ro ­
cedures. G rades on pipelines w ith  critica l slopes 
should be checked. D ead-end lines, hydran ts, and 
o ther risers should be exam ined to see th a t  they 
d ra in  p roperly . A ll systems should be checked for 
leaks, and proper insu la tion  and repairs should be 
m ade if  requ ired . Sewer lines should be flushed 
ou t. W ate r pressures should be checked, and if 
chlorine is used to  p u rify  d rink ing  w a te r, its qu al­
ity  should be ca re fu lly  checked. Repairs to  un der­
g rou nd  m ains should be m ade p referab ly  in the 
early  fa ll ju s t p rio r to  th e  freezeup, w hen th aw  
pen etra tio n  is a t  its m axim um . All trenches, how ­
ever, m ust be backfilled and com pacted before the

freezeup occurs because frozen chunks in the back ­
fill cause subsequent settlem ent.

3. STRUCTURES. P ain ting  and repairs to  all 
s tru c tu re s  should be m ade d u ring  the w arm  sea­
son. In te rio r pa in ting  should be accomplished w ith  
the doors and w indow s open and w ith  the heat 
tu rn ed  on. Airspaces underneath  the buildings 
construc ted  on perm afrost should be closed off be­
fore the spring th aw , to re ta rd  the en trance of a t ­
mospheric heat in to  the frozen subsoil.

4. CAMP AREA. Every area of the camp 
should be thoroughly  cleaned and p u t in orderly  
arrangem ent before the freezeup. Containers of 
m aterials, and equipm ent and buildings th a t  are to  
be moved in the w in te r should be placed on blocks 
to  p reven t freezing to the ground . F igure 4C1-1 
shows how a d ry , snow- and ice-free camp fu e l­
dispensing sta tion  can be m ade by m ounting stan d ­
a rd  T6B pontoons, as storage tanks, 4 or 5 feet 
above the g round  on tim bers. Beachheads, roads, 
a irstrips, and base areas should be leveled and 
graveled, and d ra in  ditches recu t as necessary. 
Tripods and poles supporting  overhead power and 
com m unication lines, as w ell as surface supports 
fo r u tilidors, should be raised to u p rig h t positions. 
M aintenance operations involving excavation or 
g rad ing  should be com pleted before the freezeup, 
and areas th a t  have been roughened by con struc­
tion activities should be dragged level.
4CI.02 EQUIPMENT AND SUPPLIES

W inter tran sp o rta tio n  equipm ent, snow com pac­
tion and rem oval equipm ent, snow fences, tack le, 
rigg ing , small tools, and o ther m aintenance equip­
m ent used p rim arily  d u rin g  w in te r should be p u t 
in first-class m echanical condition so th a t  it  w ill 
perform  w ith o u t add itional repair du ring  the w in ­
te r. Stocks of spare p a rts , lub rican ts, fuel oil, 
an tifreeze , chlorine, firefighting m aterials, and 
o ther consum able supplies should be stockpiled and 
inventoried . M aterial in outside storage areas
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FIGURE 4C1-1
Fuel D ispensing Station Constructed  of T6B Pontoons M ounted  on Tim ber Fram ew ork

should be stacked in an orderly fashion in an ar­
rangement permitting operation of snow removal 
equipment between the material and with pro­
visions for proper surface and subsurface drain­
age to minimize possibility of winter icing. The 
stacks should be carefully marked and, if prac­
ticable, their arrangement should be recorded by 
photographs to facilitate identification when the 
area is blanketed with snow.

4CI.03 INSECT CONTROL
1. ARRIVAL. In  the  A rctic  the  spring th aw  is 

followed by a sudden em ergence of sw arm s of mos­
quitoes and o ther insects. The la t te r  include horse­
flies, botflies, and blueflies, w hich are  troublesom e 
b u t present no serious problem . The a rriv a l of the 
mosquitoes coincides w ith  the m ildest w eather, 
w hich is the period of g rea test possible hum an ac­
tiv ity ; personnel, therefo re , m ay be handicapped 
by these pests. C ontro l m eaures m ay be required  
in the  v icin ity  of bases and  perm anen t camps. 
(R ef. 90.) A rep o rt (R ef. 105) on A rc tic  mos­
quitoes is quoted  as follows.

Studies on the biology and control of Arctic
mosquitoes w ere m ade a t  U m iat, A laska, in  1946

and 1947. L arvae w ere foun d  in grassy sloughs, 
mossy pools, fro s t ditches and  w illow -alder pools, 
b u t not in w a te rs  sub jected  to  w ind or w ave ac­
tion. A species se lectiv ity  fo r these h ab ita ts  was 
observed. A ssociated rearin gs w ere m ade of 
th ree species: Aedes punctor (K irb y ), A. com­
munis (D eG eer), and  A . nearcticus (D y a r) . 
O ne-th ird  in s ta r  la rv a  of an  unidentified fo u r th  
species was found .

There is only one generation  of m osquitoes 
annually  and the  A rc tic  Aedes app aren tly  over­
w in te r in the egg stage. L arvae em erge as soon 
as the ice th aw s from  a ro u n d  the  eggs. L arv al 
developm ent requires alm ost a m onth , pupal 
about five days and  the  a d u lt fem ale persists u n ­
til the first heavy fro st. T he adu lts  do no t fly 
w hen w inds exceed ten  miles per ho u r, or w hen 
the tem p era tu re  is less th a n  45° or g rea te r  th an  
80° F.
2. CO N TRO L. A n effective con tro l program  

consists of 5- and  10-percen t solutions of D D T  in 
fuel oil applied aeria lly  in  a dosage of 0.2 and  0.4 
lb of D D T  per acre, sprayed every  5 days. Field 
parties should be prov ided w ith  repellents, head- 
nets, and aerosol bombs.
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Section 2. WINTER M A INTENANCE OPERATIONS

4C2.0I PREPARATION FOR WINTER 
OPERATIONS

1. PERSO N N EL T R A IN IN G . The highest pos­
sible s tan d ard s  should be set fo r w in te r m ain­
tenance operations. C are fu l planning and ade­
qu a te  p repara tion s before the freezeup can help 
g rea tly  in  sim plifying operations a f te r  w in ter a r ­
rives. C am p rou tines should have been well estab­
lished and  daily  tasks perform ed thoroughly and  
on schedule. Snowplow operators and tru c k  
d rivers should have been tra in ed  by com petent in ­
s tru c to rs  and  have p rac ticed  snow rem oval tech­
niques on d ry  ru n s  a t  every opportun ity . This 
tra in in g  should have included those personnel w ho 
are  to  assist th e  d rivers in m anipulating  the plow  
controls. A ll operators should have studied m anu­
fa c tu re rs ’ in s tru c tio n  books and service m anuals 
perta in in g  to  the  equipm ent they are certified to  
operate . Considerable p ractice by operators of 
specialized snow equipm ent is necessary if  it  is to  
be used to  fu ll  capacity  and adap tab ility . M uch 
m ore speed and th ro w  can be obtained if  operators 
a re  sensitive to  the lim itations and capacities of 
each piece of equ ipm ent and are continually  en­
deavoring  to  become m ore skillfu l in the m any pos­
sible m ethods of operation  to  meet the various con­
ditions to  be encoun tered .

2. AREA W IN T E R  READINESS. A thorough 
cleanup of the  cam p area  should have been made 
before the first snow fall. Roads and paths should 
be clearly  ou tlined  w ith  flags on high m ark er poles. 
In  areas sub ject to  severe blizzards men can be­
come lost d u rin g  storm s even when very  close to 
th e ir  q u a rte rs  if  they  do no t have some m arker to 
guide them . A ll m ateria ls  should have been neatly  
stacked in  th e ir  sto rage areas, and all areas should 
be w ell m ark ed  to  id en tify  the type of m aterial 
stored. C ontainers o r o ther objects le ft around  out» 
side and  n o t in th e ir  p roper storage place w ill be­
come covered w ith  snow and m ay be dam aged by 
snow rem oval o r o ther equipm ent. R ubbish should 
be p rop erly  disposed of and  no t th ro w n  in the snow 
w here i t  m ay  in te rfe re  w ith  w in te r operations and 
become an un sig h tly  mess in  the spring thaw . Oil 
d rum s and  o th er con tainers should not be stored 
closely up w in d  from  airstrips, w here they m ay 
cause d r if tin g  across the  strip , nor in locations 
w here th ey  m ay cause icing or in terference w ith  
drainage.

3. FIRE PR E V E N T IO N . The m ost rig id  fire 
prevention  precau tions and  disciplines m ust be 
m ain tained, fo r lack  of large  quan tities of w a te r  
com bined w ith  low  tem p era tu re  and w ind  usually  
re su lt in com plete loss of a s tru c tu re  if  a fire s ta rts  
d u rin g  w in te r. F req uen t and thorough  inspections 
should be m ade by tra in ed  men. Stoves should be 
checked periodically fo r  m echanical defects and 
cleaned daily  d u rin g  w in te r  m onths by fire w a tch ­
m en specifically assigned to  this w ork . Each stove­
pipe o u tle t should be equipped w ith  a vane exhaust 
or o ther device to  p reven t do w n drafts  in the stove­
pipe. Such d ra f ts  can  be severe enough to blow 
o u t an  oil fire or spread flame o u t of the  stove to  
flam mable m ateria l nearby . A n adequate supply of 
fire extinguishers and  o ther first-a id  firefighting 
equipm ent should be read ily  available and m ain­
tained  in  sa tisfac to ry  operating  condition. (See 
also Section 2F1.)

4. REFUSE DISPOSAL. G arbage and rubbish  
can best be disposed of by  bu rn in g  e ither on an 
open dum p, ca re fu lly  located in relation  to  p re ­
vailing  w ind  and a t  a safe distance from  the base, 
or in an in c in era to r.

5. TOOLS A N D  EQU IPM EN T. A t the s ta r t  of 
the w in te r  season, all tools, rigg ing , and equipm ent 
to  be used fo r m aintenance, transp o rta tion , and 
construction ' operations, as w ell as service equip­
m ent, u tili ty  systems, and  th e ir  com ponent p arts , 
should have been inspected for m echanical condi­
tion  and , if  necessary, com pletely overhauled and 
placed in th e ir  best s ta te  of repair. Spare p a rts  
should have been ca re fu lly  selected and should be 
on hand  in sufficient q u a n tity  to  assure con tinu ity  
of operations th ro u g h  the season, w ith  a m inim um  
of equipm ent deadlines. A n adequate supply of 
e x tra  tools and rigg ing  should be provided fo r 
storm  periods or o ther em ergency w ork . All hand  
tools and  other m ain tenance equipm ent should be 
stored in a definite location w hen no t in use and 
should be m ain tained in good w ork ing  order.
4C2.02 SNOW AND ICE CONTROL 

EQUIPMENT
1. GENERAL. Snow and  ice con tro l req u ire ­

m ents and  problem s v a ry  a t  every location, and  
techniques and equipm ent m ust v a ry  accordingly. 
N o ironclad  p rocedure  regard in g  e ither can be 
established, b u t i t  appears a t  present th a t  advanced
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ideas in  mobile equipm ent offer, and  w ill continue 
to  offer, the qu ickest approach to  a possible solu­
tion  to  all snow and ice con tro l problem s. The con­
tro l equipm ent selected fo r any fac ility  m ust be capa­
ble of keeping traffic lanes operative and of accom­
plishing this mission w ith in  the tim e lim it allowed. 
The operational requirem ents of the  traffic lanes 
of close-in post, cam p, or sta tion  areas w ill va ry  
w ith  the type of traffic lanes and w ith  the ac tiv ity  
in  the  area. T he requirem ents of a highw ay, ra il­
road, or airfield m ust be geared to  the  u rgen cy  of 
passage of veh icu lar o r airborne traffic. The equip­
m ent should be d u rab le  and  simple to  operate and 
m ain ta in  and should provide adequate  com fort and 
vision to  the operator. T he equipm ent and its a t­
tachm ents should be capable of sa tisfac to ry  per­
form ance un der the environm ent of the area. If 
the  equipm ent is fo r an airfield, i t  m ust be capable 
of im m ediate clearance from  the ru n w ay  to  perm it 
em ergency landing of a irc ra f t. I t  should function  
w ith o u t dam age to  operating  surfaces or installed 
equipm ent ad jacen t to  operating  areas. (R ef. 93.) 
For fu r th e r  in fo rm ation  on equipm ent, reference 
should be m ade to  Snow Removaly NAVDOCKS 
T P-Pw -29 .

2. SNOW  REMOVAL. Snow rem oval equip­
m ent should be ta ilo red  to  m eet specific needs, 
depending on clim atic in fo rm ation  perta in in g  to 
average snow fall, frequency  and type of snow, 
and te rra in  and w ind  conditions encountered. In 
isolated fo rw ard  areas of the Cold Regions more 
reliance m ust be placed on c raw ler equipm ent than  
is necessary in n o rth e rn  areas w here there  is no 
lack  of established roads. The Catalog of N avy  
Material, P a r t C, lists typ ical B ureau  of Y ards and 
Docks com ponents of snow rem oval equipm ent to 
clear and m ain ta in  a one-strip  airfield and re la ting  
tax iw ays, ram ps, aprons, and roads in A rctic  and 
n o rth ern  areas. I t  is expected th a t  local environ­
m ents m ay requ ire  th a t  the com ponents be modified 
to  m eet field requirem ents.

a. Blade Plows. The ab ility  of a blade plow 
to  handle snow depends on the  w eigh t and q u an tity  
of snow; the size, type, and design of thé plow; 
and the w eight, tra c tio n , and speed of the un it 
pushing the plow . Especially designed high-speed 
displacem ent plows are  capable of dispersing snow 
over distances of 20 feet, w hich reduces the num ­
ber of times the  snow m ust be handled. Speeds of 
20 to  30 m ph are necessary to  ob tain  this disper­
sion; and to  reach these speeds, po w erfu l special-

purpose 4-w heel-drive prim e m overs are necessary. 
Blade equipm ent generally  used fo r fa s t traffic lane 
clearing is not affected by adverse w inds to  the  
same degree as b low er-type equipm ent. The selec­
tion of the snowplows fo r a given area  is a m a tte r  
of judgm ent, w hich is affected by  num erous v a r i­
ables. For w o rk  involving long, w ide areas, such 
as an a irs trip  th a t  m u st be cleared w ith in  lim ited 
tim e, a w ell-balanced operation  usually  includes 
m any types of plows and  various techniques. G en­
erally  speaking, techniques resolve in to  w in d ro w ­
ing the snow by using tru ck -m o u n ted  s tra ig h t 
blades and V-blades and  then  rem oving th e  snow by 
ro ta ry  plows or blow ers. (R ef. 93 .)

(1) V-Plows. V -shaped plows are m ore 
effective th an  o ther types in  b reak ing  th ro u g h  
heavy d rifts . In  packed and  c ru sted  snow, how ­
ever, the blade should be m ounted  on a c raw le r 
tra c to r  ra th e r  th a n  on a w heeled vehicle. V-plow s 
are commonly used by ra ilroad s fo r s in g le-track  
snow clearance and by h ighw ay netw o rk s and  a ir ­
fields. In heavy snow areas, plow  groups u su ally  
include a t least one V -plow  equipped w ith  sand 
hopper and a m echanical spreader, a com bination 
th a t  is used for m aking  th e  in itia l c u t  a f te r  severe 
d rif tin g  has occu rred . (R ef. 31.)

(2) One-W ay Plows. O ne-w ay plows, 
usually  hydrau lica lly  con tro lled , m ay be m ounted  
on either tru c k  o r t r a c to r . T hey are of various 
w idths, depending on the  size of th e  prim e m over. 
W hen in use, the plow s are set a t  an  angle so th a t  
the snow slides off the  end of th e  plow . M edium 
one-w ay blades are best adap ted  fo r  speed w o rk  on 
runw ays, roads, and  o ther la rge  continuous areas; 
the heavy one-w ay blade u n its  should be used w hen 
there is a heavy accum ula tion  from  rem oval of 
g rea t w idths. Reversible blades are  best adap ted  
to  roadw ay and p a rk in g  areas.

Modern plows have been designed to  give the best 
possible visibility and  p ro tec tio n  against snow 
spray. Because of th is, p low ing speeds of 23 m ph 
are possible and generally  safe. A t speeds over 20 
m ph the dispersion and  spread of especially de­
signed displacem ent plow s are excellent. O ver 25 
m ph there is li ttle  gain in dispersion and spread. 
A t less th an  20 m ph th e  dispersion and spread fa ll 
off noticeably, and  a t  10 m ph th ere  is p rac tica lly  
no spread or dispersion, b u t  only displacem ent. 
(Ref. 106.)

(3 ) Side Wings. Both V-shaped and 
stra igh t-b lade  plow s m ay be equipped w ith  side
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w ings to  w iden the len g th  of the cu t. Side-wing 
un its  w hen used in conjunction  w ith  o ther blade 
plows are p a r tic u la r ly  usefu l in adding increased 
w id th  on ru n w ay s beyond th a t  w hich is possible 
w ith  p lain  blades. O n fast ru n w ay  clearance it 
is freq u en tly  the case th a t  the depth or resistance 
of the snow is such th a t  efficient plow ing speeds 
can no t be m ain ta ined  w ith  the fu ll c u ttin g  w id th  
of the f ro n t plow  and w ing. In  such cases, the 
o u te r end of the w ing  can be raised to perm it 
proper plow ing speeds. Also, in very deep snow it 
m ay be necessary to  pu ll in the w ing completely 
on the first or opening pass. On widening cuts, the 
u n it m ay be steered so th a t  only a narrow  w id th  
of c u t is tak en  by the  f ro n t plow. The w ing should 
be raised a t  the  o u te r  end to give proper snow flow. 
In  extrem e cases it  m ay be necessary to raise the 
fro n t end of the w ing , leaving a bank or w indrow  
th a t  m ust be c u t dow n or shaped on the next tr ip . 
The usefulness of side w ings depends to a large 
ex ten t on the skill of the d river and the w ing 
operator. Side w ings m ounted on railroad  plows 
have m any usefu l applications and are w idely used. 
(Ref. 106.)

(4 ) Grader Blades, M otorized graders 
are no t effective in d r if ts  or heavy snow, bu t are 
excellent fo r plow ing lig h t snow and for removing 
ice and clearing  snow and ice ru ts . Pow er graders 
equipped w ith  large , strong  scarifier teeth  can rip  
up h a rd  snow and ice dow n close to the pavem ent 
surface. Com pacted airfields can be cleared quickly 
in the spring by ripp ing  the surface w ith  g rader 
scarifier blades, g a th erin g  the broken m aterial in to 
ridges w ith  blade plow s, and rem oving the ridges 
w ith  snow blow ers.

b. R o ta ry  Plows. Several types of ro ta ry  
plows, one of w hich is shown in F igure 4C2-1, are 
acceptable fo r advanced  base use. One of these in a 
test ru n  m oved snow w eighing 26.2 lb/cU  f t  at the 
ra te  of 1,5 3 6 to n s /h r  and discharged it a distance 
of 60 to 8 5 f t . A no ther ro ta ry  removed the same 
w eigh t of snow and discharged it 125 f t  a t the 
ou te r arc  in calm  w ea ther. The capacity  of a 
ro ta ry  plow  depends on the horsepow er of the en­
gine em ployed by the  ro to rs. Reports indicate th a t  
unless a ro ta ry  is capable of pu lveriz ing all snow 
d irec tly  in its p a th , the  vehicle on w hich it is 
m ounted m u st have sufficient trac tio n  to force the 
u n it in to  the  u n b rok en  snow. D u ring  operation, 
snow passes to  the ro ta ry  tu rb in e  and is driven up  
and o u t th ro u g h  the ch u te  and is discharged. The

efficiency of a ro ta ry  plow  depends to a consider­
able ex ten t on the skill of the operator. The 
capacity  of the ro ta ry  m ust be synchronized w ith  
the speed of the tru c k , otherw ise the blow er be­
comes clogged if  the speed of the tru c k  is too g rea t, 
or the blow er operates a t only p a r t capacity  if  the 
speed of the tru c k  is too slow. U nder ideal condi­
tions of synchronized tru c k  speed and blow er ca­
pacity , the discharge w ill show a d istinct p a tte rn  
of blade pulsations of compressed snow.

c. Prime Movers.
( 1 ) T ru cks .  The w eight, trac tio n , and 

speed of the prim e m over are extrem ely im p ortan t 
in obtain ing m axim um  efficiency from  snow contro l 
equipm ent. Tw o- to  five-ton tru ck s  w ith  one-w ay 
blades m ounted in fro n t have m any useful applica­
tions in clearing m oderate depths of snow. H ow ­
ever, in ob taining the speeds necessary for proper 
dispersion and spread on displacement plows and 
the pow er and m aneuverab ility  required  by snow 
blow ers, a ll-w heel-drive-steer tru ck s  of 6 tons or 
over are superior to all o ther types.

(2)  M otor Graders. Figure 4C2-2 shows 
a conventional heav y -d u ty  m otor g rader equipped 
w ith  an 8- f t  V -blade and a blow er-type side w ing. 
Both V-blade and side w ing are hydrau lically  
raised and lowered. O nly heavy-du ty  m otor 
g raders of the 12- f t  m oldboard size have the pow er 
and stam ina necessary for snow removal.

(3) Tractors. C raw ler tra c to r  equ ip­
m ent is a necessity in fo rw ard  areas of the Cold 
Regions w here there  are few  established roads. 
T rac to rs  should be fu lly  w in terized  and equipped 
w ith  a hy drau lica lly  controlled blade and pow er 
w inch.

d. Miscellaneous E quipm ent.
( 1 ) Loaders. Snow blowers are often 

used for loading dum p tru ck s  a t tax iw ay  and ru n ­
w ay intersections and a t o ther locations. T rac to r-  
d raw n  carrya lls , w hen available, can also be used 
advantageously  fo r this w ork . They are p a r tic u ­
la rly  usefu l in rem oving snow from  lanes of s to r­
age areas and from  the ou te r edges of loading and 
han g ar aprons a f te r  a severe storm . Small conveyor 
and fron t-end  loaders m ounted on c raw ler trac to rs  
have m any useful applications.

(2) Sweepers. R u bb er-tired  tra c to r-  
m ounted ro ta ry  brooms and gang-type tow ed 
sweepers are usefu l in sweeping sand from  ru n ­
w ays, tax iw ays, and o ther paved areas.

( 3 )  H and Tools. H and tools for snow
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FIGURE 4C2-1
Rotary Snow plow , Truck-M ounted

and  ice contro l should include an  adequate  supply 
of general-purpose shovels, scoops, snow pushers, 
ice choppers, heavy s tree t brooms, and hand  th aw ­
ing equipm ent such as the w eed -b u rner flame 
th ro w er.

3. SNOW  FENCES. Snow fences crea te  an  a r­
tificial obstruction  th a t  lessens the  velocity  of 
w indborne snow and  deposits i t  on the  lee side in a 
selected location. There is a w ide v a rie ty  in  use. 
Common com m ercial types consist of m etal posts 
and wooden la ths o r m eta l pickets abo u t 5 f t  long 
and woven to gether w ith  w ire. Fences 10 to  12 f t  
high are n o t un usu al. Fencing of th is k ind  is 
portab le  and easily erected  and  rem oved and  may 
be rolled fo r com pact storage. E xpedient fences 
can be m ade of b rush , branches, or o ther such m a­
te ria l anchored in place by w ire  or wood. Perm a­
nen t snow fences are o ften  b u ilt of heavy posts 
embedded in  the  g ro u n d  w ith  ho rizon ta l boards 
nailed to  them . Sem iperm anent m etal fences using 
co rru g a ted  m etal plates have given excellent serv­
ice and have the  adv an tage  of s tren g th  and  elim ina­
tion of fire h aza rd . H eavy  sisalboard fences have 
been used in  n o rth e rn  States. T he m ateria l seems

to have advantages in  cost and  lack  of bulkiness, 
b u t no conclusive rep o rt is available on th e ir  
ab ility  to  w ith stan d  heavy w inds.

4. ICE REMOVAL.
a. Materials. C alcium  chloride has been 

used w ith  success on roadw ays, b u t  it  is no t su it­
able fo r runw ays because i t  causes excessive co r­
rosion on surfaces and  ru n n in g  gear of planes. I f  
used on w alks, i t  is tra c k e d  in to  bu ildings w here 
i t  damages floor surfaces, shoes, and clo th ing. 
Efforts are being m ade by th e  chem ical in d u s try  to  
find a n eu tra lize r fo r calcium  chloride. (R ef. 93.)

Rock salt crysta ls  also are  w idely  used on ro ad ­
w ays and small op era tin g  areas and, in special 
cases, on airstrips. S alt is corrosive and , w hen 
used on a irs trips , hazardo us to  personnel and  
equipm ent because of flying sa lt particles.

Calcium  chloride, in  the  proportion  of 2 percen t 
by w eight, is effective to  — 5 5 ° F in p reven ting  
sand stockpiles from  freezing . Salt in  the  same 
proportion loses its  effectiveness a t  — 5° F. (R ef. 
93.)

Therm o lead-sheathed cables have been used in  
m any locations to  p rev en t icing . A common ap-
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FIGURE 4C2-2
V-Plow With Roto-W ing Attachm ent, G rader-M ounted

plication  th a t  has been successful is un der the  eaves 
and  dow nspouts o f heated  buildings.

b. D istribution Equipment. Tests on sand 
spreaders in d icate  th a t  fric tio n-d rive  and inde­
pen den t-d rive  tra ile r-m o u n ted  sanders are unsatis­
fac to ry  because th ey  are  difficult to  m aneuver. A 
disk type w ith  gasoline m otor fo r  t ru c k  m ounting 
is recom m ended.

5. MARKERS. Roads and airfields should be 
su itab ly  m ark ed  to  gu ide crew s and p reven t dam ­
age or ob struc tion  to  ligh ts, hy d ran ts, ca tch  basins, 
in lets, cu rbs, and  sim ilar appurtenances. A dvance 
m ark ers should be placed to  delineate ru n w ay , tax i­
w ay , h a rd s tan d , and  roadw ay  outlines and in te r­
sections and should have high visibility and ap­
p ro p ria te  m ark in g  fo r easy identification. (Ref. 
106.)

4C2.03 SNOW AND ICE CONTROL METHODS
In fo rm ation  supplem entary  to  the follow ing is 

con tained in  P a r t  F o f Snow Removal, NAVDOCKS 
T P -P w -29 .

1. SNO W  REMOVAL. Complete rem oval of 
snow is req u ired  in  regions w here clim atic condi­
tions do n o t p e rm it com paction o r w here snow fall 
is in excess o f th a t  w h ich  can be com pacted. L ight 
snow falls are  rem oved w ith  angle dozers, tra c to r-  
m ounted  one-w ay blades, tru ck -m o u n ted  plows, 
and  ro ta ry  snowplow s. D rif ts  are  usually  opened 
by tra c to rs  o r tru c k s  w ith  V-blades or by a ro ta ry  
snow plow . A n effective c u t te r  fo r high d rif ts  is a 
ro ta ry  consisting o f 3 ho rizon ta l ligh t spiral blades

m ounted one above the  o ther. The action  is sim ilar 
to  th a t  of a disk h a rro w  tu rn e d  vertica lly . V-blades 
on wheeled vehicles are  generally  ineffective in 
packed and  c ru sted  snow. Large c raw ler tra c to rs  
operating  as bu lldozers in  parallel, tandem , or 
echelon should be used u n d er such conditions. 
Dozers are  qu ite  effective in  pulling  dow n steep 
snow banks so th a t  ro ta ry  plows can operate. The 
efficiency of displacem ent plows decreases rap id ly  
as new  w indrow s increase in  depth . In  general, 
ro ta ry  plows or blow ers should be used to  remove 
w indrow s over 10 inches high. (R ef. 31.)

a. Roads. Snow should be rem oved from  
the  road su rface  as soon as possible a f te r  i t  falls. 
E quipm ent should, w hen practicab le , be stored 
along the  roads and , w ith  its  operators, should be 
ready  to  move p rom ptly  w hen a snow storm  occurs. 
Sections of the  road  sub ject to  d r if tin g  should be 
patro lled  in  w indy  w ea ther w ith  drags o r plows. 
T w o and one-half to  five-ton tru ck s  w ith  one­
w ay  blades are best adap ted  fo r clearing m oderate 
depths of snow on long stretches of roads. They 
usu ally  operate  a t  from  13 to  23 mph. For heavier 
snow falls o r to  w iden traffic lanes, heavy 4-wheel- 
d rive special-purpose displacem ent plows are  best, 
a lthough  s tan d a rd  3- to  10-ton  tru c k s  equipped 
w ith  s tra ig h t or V-blades are  used on m any high­
w ay  netw orks. S tan d ard  equipm ent operates u su ­
ally  on heavy d r if ts  a t  ab o u t 13 m ph. Special- 
purpose equipm ent should be designed fo r 20 to  30 
m ph. V-shaped plows are  m ore effective th an  o ther 
types in b reak ing  th ro u g h  heavy d rif ts . E ither 
V-shaped o r s tra ig h t-b lad e  plows equipped w ith
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•idc wings are used to  push the snow beyond the 
shoulder line and to  provide room fo r additional 
snow storage. A brasives for b e tte r  trac tio n  and as 
ballast are usually  carried  by plow ing trucks. 
T rac to rs  are sometimes requ ired  fo r heavy snow­
falls and deep d rif ts . M otorized graders are satis­
fac to ry  for ligh t snow. (R ef. 31.)

b. Bases. Snow rem oval from  storage and 
service areas, drivew ays, and park ing  lots can be 
economically handled by tru c k -  or ca terp illa r- 
m ounted s tra ig h t blades and V-blades to  accum u­
la te  and w ind row  the snow. The w indrow  is then 
loaded into dum p tru ck s  by snow blowers or snow 
loaders, available in m any types. C erta in  types of 
conveyor or fro n t-en d  loaders are effective, b u t all 
available types are not suitable for advanced base 
use. C arry a ll scrapers are o ften  used to  remove 
snow from  aroun d  buildings and from  p a rk ing  and 
m ateria l storage areas. M aterial piles should be so 
spaced th a t ca rry a ll scrapers can remove snow th a t 
d r if ts  around  them . In  areas w here the snow is dry  
and crystalline, snow should be disposed of in flat 
spoil piles on the dow nw ind side of the cam p area. 
W henever possible, advan tage  should be tak en  of 
high w ind to  blow snow clear of operating  areas. 
O ften  winds of even 10 to  20 m ph are sufficient to 
blow ligh t snow long distances. C onstan t opera­
tion  of drags d u rin g  periods of m oderate winds 
prevents snow d rif tin g  on traffic lanes. In  m any 
areas ro ta ry  brushes have been effective in keeping 
loading p la tform s clear of snow. Several types of 
brushes and sweepers are available as standard  
equipm ent, b u t tests have indicated th a t  all types 
are no t suitable fo r advanced base use.

c. Airfields.
(1 ) Runways and Taxiways. Snow re ­

m oval from  airfields is s ta rted  as soon as possible 
a f te r  the firs t snow falls, p referab ly  a f te r  only 2 
or 3 in. have accum ula ted  on the runw ay . Equip­
m ent is then kep t in operation u n til the storm  is 
over. O rd inarily , runw ays in to  the w ind are 
cleared first and , if  conditions w a rra n t, all access 
tax iw ays there to . A t the same tim e, snow should 
be loaded and hau led  aw ay from  tax iw ay  and 
park in g  areas. Because i t  requires some tim e (de­
pending on area, w eigh t, and dep th of snow) to 
p repare  a ru n w a y  for blow er operations, the ro ta ry  
plows should be used on the ram p and taxiw ays 
u n til they are required  on the runw ays. All tax i­
w ays should be plow ed to  th e ir  fu ll w id th . Each 
storm  presents special snow rem oval problems a t

taxiw ays and p ark in g  aprons. F requen tly , imme­
diate rem oval m ay be im practicab le, in w hich case 
w indrow s should be spaced fa r  enough a p a r t to 
perm it a irc ra f t and veh icu lar m ovem ent. O pen­
ings in the plow w indrow s should be c u t as re ­
quired, pending th e ir  com plete rem oval. W hen 
parked planes are  encoun tered , operators should 
use extrem e cau tion  to  avoid dam aging the  a irc ra f t  
by crow ding snow or ice against them . To aid 
pilots to  land d u rin g  w h iteou ts, w indrow s should 
not obscure a irs tr ip  m ark e r ligh ts, and the th in  
layer of snow rem aining on the  a irs trip  should be 
m arked w ith  dye or carbon  black along the cen ter- 
line of the runw ay .

A t one airfield, w hich m ay be considered typ ical, 
several heavy all-w heel-drive  tru c k s  w ith  hy ­
draulically  controlled one-w ay plows m ounted on 
fro n t are s ta rted  along the  edges of the  ru n w ay  
nex t to the lights. They plow  the snow from  the 
runw ay  edges to w ard  th e  cen ter fo r 10 to  15 f t .  
The tru ck s  are d riven  betw een 20 and 25 m ph and 
each plows a sw ath  8 to  10 f t  w ide. Plows then  
s ta r t down the cen ter of the ru n w a y  and plow  from  
the center to w ard  the  sides, add ing snow to the  
w indrow s already  established 10 to  15 f t  from  the 
edges of the ru n w ay . W hen the plow ing is com­
pleted, there w ill have been form ed tw o ridges of 
snow well ou t from  the  ru n w a y  ligh ting . Snow 
blowers are then  b ro u g h t in to  operation, picking 
up the w indrow ed snow and  blow ing it  to  e ither 
side over and past the  ru n w a y  lights. I f  th ere  is no 
convenient place to  deposit the  snow, it  m ust be 
loaded in to dum p tru c k s  and hau led  aw ay. Load­
ing and hau ling  m ust usu ally  be done a t ru n w ay  
intersections, p a rk in g  areas, and  around  buildings. 
In these areas a snow blow er or o ther su itable 
loader loads the snow in to  dum p tru ck s , w hich 
hau l it to  a selected location. The snow storage 
area should be closely accessible and of adequate 
size.

A nother common m ethod is to  s ta r t  tru c k -  
m ounted snowplows a t the  cen ter of the ru n w ay , 
operating in echelon and m oving the snow progres­
sively to the sides w ith  each lengthw ise tr ip . The 
w indrow s are then  picked up  and blow n over the 
lights by a ro ta ry  b low er or, if  necessary, rem oved 
by loaders and dum p tru c k s . Snow le f t a roun d  
landing lights and  o ther obstructions m ust o ften  
be removed by sm all m echanical loaders or by 
hand. (Ref. 93.)

In w ork ing  ru n w ay s or tax iw ays th a t  are s itu -
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a ted  crossw ind, p low ing should be done so as to 
tak e  adv an tage  of th e  w ind  in th row ing  snow and 
to  m ain ta in  a m inim um  height of snow to the w ind­
w ard . (R ef. 106.)

W hen w e t snow is encountered, every effort 
should be m ade to  c lear i t  en tirely  before the w ind­
row  freezes and causes serious difficulties.

C alcium  chloride and rock salt should not be 
used on any po rtion  of the runw ays, taxiw ays, or 
aprons. These m ateria ls  should be confined to local 
and  service roadw ays because of th e ir detrim ental 
effect on a irc ra f t.

(2 ) A djo in ing  Areas. Snow-covered 
areas adjoining ru n w ay s and tax iw ays should be 
d ragged  and rolled to  p reven t the snow blowing 
and d r if tin g  on opera ting  areas and building up  
too high. Banks should not be more th an  24 in. 
high, and  th e ir  slopes should be graduated . N o 
snow banks should be perm itted  close to the sides of 
the ru n w ay . A t one airfield, for example, the m ini­
m um  distance allow ed is 100 feet. (Ref. 93.)

(3 )  Cam ouflage . From the standpoint of 
cam ouflage, i t  is desirable to leave some snow on 
the ru n w ay  w hen the  su rround ing  te rra in  is cov­
ered w ith  snow. H ow ever, a th in  layer of snow 
nex t to  the  pavem ent o ften  tu rn s  in to ice and is 
difficult to  remove.

(4 ) Personnel Sa fety . Safety to all p e r­
sonnel concerned should be the first consideration in 
airfield snow rem oval. I f  tru c k  drivers and equip­
m ent operators have been well tra ined  in their 
duties a t the airfield and are kep t under close 
supervision, all operations can be accomplished 
w ith  a m inim um  of accidents. A rrangem ent of 
equ ipm ent in to  opera ting  groups simplifies the co­
ord ination  of snow rem oval operations w ith  the 
con tro l tow er. I f  p rac ticab le , a radio-equipped car 
should p a tro l the areas a t all times while removal 
operations are in progress. The patro l vehicle 
should c a rry  tru ck -se rv ic in g  tools, tow  cable, 
jacks, tire  chains, oil, gasoline, antifreeze, and 
o ther em ergency equipm ent. Some easily recog­
nized signal, such as the flashing off and on of ru n ­
w ay ligh ts, should be established to w arn  all con­
cerned th a t  the ru n w a y  m ust be im m ediately 
cleared of all vehicles. Vehicles should then move 
a t least 100 f t  off the  nearest edge of the runw ay  
and the to w er should be notified of the ir locations 
before a land ing  is m ade. (Ref. 106.)

d. Railroads. W hen possible, snow from  
ra ilroad  tra c k s  is rem oved as it  falls, before it has

had  tim e to  accum ulate  and d r if t. Before snow 
builds up  to any degree, high-speed operation of 
plows is possible and a lo t of te rr ito ry  can be cov­
ered in a short tim e. Intense and prolonged storm s, 
how ever, freq u en tly  m ake i t  impossible to  follow 
this policy.

(1)  Clearance Problems. The problems 
of ra ilroad  snow clearance vary  g rea tly  w ith  line 
cross sections, p a r ticu la r ly  the shape of berms, c u t 
slopes, and  the am ount of snow storage area, as 
w ell as w ith  the q u an tity  and type of snow in ­
volved. W henever possible, fill em bankm ents are 
used th ro u g h  areas w here snow fall is heavy and 
sub ject to  d rif tin g .

In  m ountainous areas, w here winds are tu rb u le n t 
and snow m ovements are of g rea t m agnitude, snow 
fences are o ften  of little  or no value. Snowslides 
th a t  follow approxim ately  the same course each 
w in te r  can be controlled by construction  of snow- 
sheds, w hich ca rry  avalanches over the tracks. 
F requen tly , how ever, slide p a tte rn s are e rra tic  and 
th e ir location or occurrence can not be predicted 
accu ra te ly . They often  com plicate rem oval by 
ga thering  trees and loose rocks th a t happen to be in 
th e ir paths and depositing the mass in huge piles 
on the track s. R o ta ry  plows can not remove such 
m ateria l. The heaviest bulldozers are the most 
efficient equ ipm ent for clearing snowslides con­
ta in ing  tim ber or rocks.

(2) T ra ck  Clearance. W hen heavy 
d r if ts  are involved, the ro ta ry  plow is the m ain­
stay  of ra ilroad  snow rem oval equipm ent. A new 
type, consisting basically of tw o rotors, one 
m ounted above the o ther, was developed some 
years ago and showed enough promise to ju s tify  
fu r th e r  w ork , w hich has been done under railroad  
sponsorship. The new model has not been fu lly  
tested. D rif ts  18 f t  high can be fed into the rotors 
of this m achine. (R ef. 93.)

Some plows are supplied w ith  side wings, w hich 
can fold back against the plow or can be extended 
to  clear snow on bo th  sides of the tra in  usually  a 
to ta l of 6 f t  beyond the w id th  cleared by the plow. 
The w ings are operated by compressed a ir from  
the cab and can be snapped open and shu t quickly. 
The C anadian  Pacific R ailroad uses this equipm ent 
and has had considerable success. (Ref. 93.)

T here are several types of wedge plows. The 
fu ll V -wedge is used for sing le-track  operation. 
R ight- and le ft-h an d  w edge plows are used for 
do ub le -track  operation. A th ird  type is the
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■ preader or w ide-w inged dozer, w hich is used by 
p rac tica lly  all railroads fo r y a rd  and term inal 
clearance. W ings th a t  can be a ttached  to  spreaders 
are  being developed to  give add itional w id th  of 
c u t, w hich is desirable in yards contain ing m any 
tracks. These wings extend 16 f t  beyond the sides 
of the spreader w hen i t  is in  the  open position, m ak­
ing possible a to ta l overall c u t o f 42 to  45 f t. 
W indrow s le f t by a spreader are blow n o u t w ith  a 
ro ta ry  or loaded and  hau led  aw ay. O n -track  
snow -m elting equipm ent is sometimes used w hen it 
is necessary to  load snow from  term inal trackag e  
and w hen there  is a lack  of clear area  fo r  snow 
storage. These machines pick u p  the  snow a t  the 
f ro n t and blow or convey i t  in to  a h o t-w a te r  tan k  
w hich m ust be dum ped periodically .

( 3 ) Switch Clearance. T here has re­
cently  been developed an au tom atic  snow-blowing 
mechanism to  keep ra ilroad  sw itches free  from  
snow d u ring  storm s. The equipm ent consists o f a 
small compressor th a t  charges a receiving tan k . 
In te rm itten tly  the  ta n k  discharges and blows the 
snow aw ay from  the  c ritica l locations.

There are several types of au tom atic  heating 
devices available fo r  sw itch  and  in terlock ing 
point clearance. They are no t, how ever, effective 
w hen the  tem p era tu re  gets m uch below freezing. 
Below freezing, m anually  operated  open heaters 
are usually  required .

2. SNOW  FENCES.
a. Purpose. D rif te d  snow o b stru c ts  traffic 

more th an  an equal dep th  of fresh ly  fallen  snow be­
cause i t  is finely divided and  com pacts in to  a dense 
mass. D rif ts  form  w hen w indborne snow loses 
velocity and is deposited in sheltered places. D rif ts  
form  in the lee of buildings and  o ther obstructions, 
on roads a t  g round  level, or in  cu ts  ad jacen t to  
large open areas. H igh snow banks le f t close to  a 
traffic lane fu rn ish  ideal conditions fo r  heavy d r i f t ­
ing across the  traffic area.

b. Placement. Snow fences are  usually  
placed 100 to  150 f t  to  the  w in d w ard  of the  pro­
tected  area b u t m ay be placed as fa r  o u t as 300 f t  
in  unusual cases. N o set distance can be pre­
scribed, because w ind  velocity, shape of ground , 
height of fence, and o ther fac to rs  influence loca­
tion. I f  fences are  set too close in , the  d r if t  to  the 
leew ard of the  fence falls on the  p ro tec ted  area. I f  
they are set too fa r  o u t, they  have little  or no effect 
in reducing d rif ts . T w o o r m ore para lle l lines may 
be necessary in  severe locations, add itional lines be­

ing added to  provide add itional sto rage capacity  
as required . Along existing  traffic lanes, locations 
can best be determ ined by th e  experience of the 
men w ho patro l the  rig h t-o f-w ay .

In  te rr ito ry  th a t  is sub ject to  d r if tin g  snow, 
cu ts should be prov ided w ith  th e  f la tte s t possible 
slopes to  perm it snow  to  blow  free. To produce 
this resu lt, slopes n o t g re a te r  th a n  8:1 are  requ ired . 
W hen i t  is no t possible to  m ain ta in  th is k in d  of 
slope, i t  is then  desirable to  e rec t snow barrie rs . 
Experience in the  N o rth  C en tra l S tates has in ­
dicated th a t  to  keep th e  accum ulation  of snow 
clear of the track s  th e  d istance th e  b a rr ie r  should 
be from  the tr a c k  is app roxim ately  8 tim es the  
height of the  b a rr ie r  and  in  no case less th an  100 f t .

c. Erection. Snow fences should be erected  
before the  g round  is frozen . M etal o r wooden posts 
are d riven in to th e  g ro u n d  and  the  fencing a t ­
tached w ith  annealed w ire  to  th e  w in d w ard  side. 
In  areas of heavy snow, posts should be long so th a t  
the fencing m ay be raised on th e  posts as th e  sea­
son progresses to  increase snow  sto rage to  leew ard. 
One end of the post should be a  chisel po in t and  
the  o ther end w ith o u t flare o r b u r r  to  p erm it using 
the driv ing  tool. Fencing should be in itia lly  in-

F IG U R E  4C2-3 

Snow Fence
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stalled  w ith  the  bo ttom  raised above the ground 
level to  p rev en t its freezing  to  the ground . In te r­
m ediate posts should be cross-braced diagonally as 
requ ired  by an tic ip a ted  w ind velocities, and end 
posts should be securely guyed. W ire stretchers 
should be used in  the  erection  of slat fences or other 
types involving w ire  brac ing  o r guys. (Ref. 31.) 
F igure  4C2-3 shows a typ ica l m ethod of snow fence 
erection.

d. Maintenance. Snow fences should be in ­
spected a f te r  heavy storm s and the  necessary re ­
pairs m ade to  b low n-dow n sections o r to  broken 
ties, guys, and  braces. They should be kep t raised 
to  exceed th e  he igh t of snow th a t  has accum ulated  
to  the  leew ard . Low ering of fences m ay also be re ­
qu ired  a f te r  long periods of settling  o r a f te r  sud­
den thaw s. (R ef. 31.)

3. SNO W  CO M PA CTIO N . Snow com paction 
is the  com pacting  o f snow  w here i t  has fallen on 
ru n w ay s and  o ther traffic areas. O rd inarily , com­
paction  is p rac ticab le  in  areas w here there is a 
m inim um  an n u a l snow fall-of 2 f t  and a continuous 
cold season w ith  tem p era tu res below 20° F for a t  
least 3 m onths. T he various techniques and  equip­

m ent used in com pacting snow are  discussed a t 
leng th  in Section 3D1. A ll techniques involve 
ag ita tin g  the snow to  ge t th e  air o u t of it, leveling 
it  a t  the  same tim e by d rags, then ro lling  i t  to  press 
the snow solidly to gether w ith o u t any voids, as 
shown in F igures 4C 2-4, 4C 2-5, and 4C2-6, respec­
tively . In itia l com paction is a m ost im p ortan t 
process. The first 2 inches o r so of snow m ust be 
solidly cem ented to  the  ru n w ay  or road  surface to  
form  a com pacted base on w hich to  build subse­
qu en t layers of com pacted snow. To do this, drags 
and  rollers m ust be p u t  to  w o rk  im m ediately a f te r  
the  first few  inches of snow have fallen , and rolling 
m ust be kep t u p  continuously  u n til a sa tisfacto ry  
su rface  is obtained. T he large ro ller shown in 
F igure 4C2-6 is p referab le  to  a sm aller ro ller be­
cause of th e  plow ing effect of the la tte r . A pproxi­
m ately  12 inches can be com pacted to  3 inches of 
firm , solid snow. Layer a f te r  layer m ay be bu ilt 
up  in th is m anner u n ti l by spring th ere  m ay be a 
considerable dep th  of solidly com pacted snow.

The tow ing  tra c to r  should be pow erfu l enough 
to  tow  a set of snow rollers behind the  snow d rag  
o r pu lv im ixer. (See Section 3D1.) C orrugated

FIGURE 4C2-4
Pulvimixer, Runner-M ounted, Towed  by C lass I Tractor
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FIGURE 4C2-5
Sn o w  Drag Leveling Snow

rollers m ake a slight impression on the snow and 
give dep th  perception to  a pilot w hen landing. 
(R ef. 93.)

T haw s m ay m ake the su rface  of the  com pacted 
snow icy. Scarifier tee th  a ttached  to  adjustab le 
d rag  blades rem edy th is by providing a scra tch  
su rface  th a t, if  sanded, gives good b rak ing  action. 
(R ef. 93.)

4. D RA IN A G E PRECA UTIO NS.
a. Compacted Snow. A t airfields on which 

layer a f te r  layer of snow has been com pacted there 
m ay be, by spring, 2 o r m ore feet of solidly com­
pacted  snow. D u rin g  the  spring b reaku p , th e  snow 
should be slowly reduced by using scarifiers to 
scrape the su rface , allow ing i t  to  m elt and  evapo­
ra te  d u ring  th e  h ea t of the  day. Even if  this is 
done, how ever, th e re  m ay be a period w hen the 
th aw  is so rap id  th a t  d rainage facilities can  not 
handle the m elt w a te r , and  the  field becomes a lake 
on w hich a ir c ra f t  can  n o t land  w ith  safe ty.

To avoid the  necessity fo r  closing the  airfield to 
traffic, a system  of combined com paction and  re ­
m oval is adopted  th a t  keeps the  snow a t  a constan t 
com pacted dep th  of approxim ately  5 inches; any

snow in excess of th is is ga thered  in  w indrow s by 
blade plows and  blow n aw ay . In  the spring, the 
com pacted su rface  m ay be broken  by using a heavy 
pow er g rader equipped w ith  stron g  scarifier tee th  
th a t  rip  up the  h a rd  snow and  ice dow n close to  
the pavem ent su rface . T he blade plows then  
qu ick ly  ga ther the  broken  m a te ria l in to  w indrow s 
and the snow blow ers g rin d  in to  it  and blow  i t  in to  
dum p tru ck s  or to  infield areas. By using  th is 
m ethod, stoppage of flying operations in th e  spring 
is avoided and th ere  is no serious drainage prob­
lem. (Ref. 93.)

b. Snow Windrows. W indrow s should no t 
be le ft w here th ey  w ill o b s tru c t ca tch  basins or 
o ther d rainage in lets o r d ra in age  channels. I f  
w indrow s are allow ed to  rem ain  and freeze in 
such locations, fu ll ad v an tag e  can no t be tak en  of 
the  drainage facilities th a t  have been provided, 
and portions o f th e  field m ay become inoperative 
d u ring  critica l periods.

5. SA N D IN G .
a. Hot Sand and W et Sand. T he last th in  

layer of snow on an  o p era tin g  su rface  is difficult to
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FIGURE 4C2-6
Roller C om p acting  Sn o w

rem ove, and  if  a th a w  occurs, an icy condition 
develops. To c rea te  a good b rak ing  surface for the 
wheels of a ir c ra f t  and  o th e r vehicles, sanding is re ­
sorted  to . I t  is difficult, how ever, to  keep sand on 
pavem ents because i t  is easily blow n aw ay by the 
w ind , and  on ru n w ay s by  the  slipstream  of a irc ra f t 
as w ell. I f  th e  sand is heated , i t  w ill embed itself in 
th e  ice and  be less easily blow n aw ay; ho t sand, 
how ever, u su a lly  p en etra tes  the  ice so deeply th a t 
no abrasive action  resu lts. A m ethod th a t  has been 
used w ith  success in  some areas is to  sprinkle w ate r 
on the  ice im m ediately before sanding to  freeze the 
sand to  the  ice.

b. Spreading. Sand and other loose abrasive 
m ateria ls  are  unaccep tab le  a t  m ilita ry  airfields 
because of possible dam age to  je t tu rb ines. (Ref. 
31.) I f  sand is allow ed on the  a irs trip , i t  is often 
laid dow n in 2 strip s ab o u t the w id th  of the a ir­
c r a f t  ru n n in g  gear, each s trip  being 6 to  10 f t  
w ide. Sanding operations a re  usually  requ ired  u n ­
til the  snow reaches a dep th  of 2 in. or less or u n ­
til a freezing  ra in  occurs. Also, if  necessary, a 
com pacted snow su rface  m ay be sanded to  provide 
good b rak in g  action  fo r a irc ra f t  wheels. Sanding

operations should begin on all paved surfaces as 
soon as hazardous conditions are noted.

c. Ice Control on Road Surfaces. A varie ty  
of conditions causes icing on roads. Poor d ra in ­
age (Section 2A 7 ) , m idday thaw ing  and nigh t 
freezing, or ra in , sleet, or w e t snow falling  on cold 
pavem ent are common causes. O ften  films of ice 
are too th in  to  be rem oved by m echanical means 
and  cause hazardous sections th a t are p articu la rly  
dangerous on h igh-crow ned roads and on grades 
and curves.

W et snow and  sleet can be kep t from  sticking to 
the  su rface  by applying sodium  chloride a t the be­
g inn ing of a sto rm . Icy pavem ent is trea ted  w ith  
abrasives to  m inim ize slipping and skidding. Sand, 
cinders, and o ther m ateria ls, such as crushed rock, 
slag screenings, pea gravel, and coal and coke 
screenings, m ay be used if  available. Sharp, an g u ­
la r  m ateria l embeds itse lf read ily ; dark-colored 
m ateria ls absorb hea t from  the  sun and aid m elting 
and em bedding. For m ost effective use, calcium  
chloride is m ixed w ith  abrasive m ateria l, w hich 
causes the  abrasive to  em bed in the  ice and im-
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prove trac tiv e  qualities. The usual p roportion  is 
40 to  75 lb of calcium  chloride per cubic y a rd  of 
abrasive for stockpiling and  25 to 50 lb m ore added 
upon application. Sodium chloride m ay be used in 
place of calcium  chloride b u t is no t effective, as

previously noted, a t  tem p era tu res low er th an  
— 5° F. Stockpiles of abrasive m aterials should be 
established a t c ritica l locations, such as steep 
grades and curves o r o ther know n dangerous areas. 
(Ref. 31.)
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ACTIV E C O N STR U C TIO N : m ethod of construc­
tion in w hich perm anently  frozen soil is 
thaw ed and kep t thaw ed , p a rticu la rly  in areas 
of relatively  th in  perm afrost w here the soil 
(sand and g ravel) has sufficient bearing 
streng th  in a thaw ed sta te .

ACTIV E ZON E: the en tire  layer of g round , most 
of w hich freezes and thaw s every  year, above 
the upper surface  of perm afrost.

ADFREEZE: adhesion of frozen soil to  contiguous 
objects by the binding action of ice resu lting  
from  w a te r  freezing.

A G G R A D A TIO N . See P erm afrost.
A N C H O R  ICE. See Ice.
BARRENS: level, treeless, and in land A rctic  and 

Subarctic  areas o f m uskeg or ligh t sandy 
soil interspersed w ith  floating bogs and 
sloughs.

BREAKUP: the m elting  tim e a t  w hich (a ) ice on 
rivers breaks and s ta r ts  m oving w ith  the  c u r­
ren t, (b ) lakes can no longer be crossed on 
foot, and (c) frozen m ud is soft and  m ost of 
the snow is gone.

CALVING: break ing  aw ay of ice from  a berg, a 
glacier, or shelf ice.

CANDLE ICE. See Ice.
COASTAL ICE. See Ice.
CO N TRA IL. See V apor Cloud.
D EG RA D A TIO N . See P erm afrost.
EV A PO RA TIO N : process by w hich w a te r  (liquid 

or frozen) is changed to  vapor.
FAST ICE. See Ice.
FIBROUS ICE. See Ice.
FIR N . See N évé.
FRAZIL ICE. See Ice.
FREEZEUP: the  tim e w hen hardened  m ud no 

longer sticks to  boots, a trav e le r  can cross 
rivers and lakes on ice, and  sleds can be used.

FROST BA TTER: an inclined su rface  th a t  helps 
to  overcome the effects of changes in volume 
of confined m aterials w hen they  freeze.

FROST M O UN D: seasonal u p w arp  of land surface.
FROST SMOKE: m ist o r th ick  fog rising from  the 

sea w hen the  re la tively  w arm er w a te r  is ex­
posed to  subzero am bient tem peratu res.

FROST TABLE: a m ore or less ir re g u la r  surface 
represen ting  th e  penetra tion  o f seasonal 
thaw ing . I t  is no t to  be confused w ith  perm a­
fro s t table.

GLACIER: field or body of ice form ed from  re­
crystallized  snow th a t  moves because of g rav ­

ity  to an elevation low er th an  th a t  a t w hich  i t  
originated.

GLACIER ICE. See Ice.
GLACIERING. See Icing.
GRISSEL: grains of snow less th a n  1 mm (0.04 in .)  

in diam eter.
G ROU ND ICE. See Ice.
HO RST: tr a c t  o r mass o f th e  e a r th ’s c ru s t sepa­

ra ted  by fau lts  from  su rro u n d in g  tra c ts  th a t  
have been re la tive ly  depressed.

HUMMOCKED ICE. See Ice.
ICE.

A N CH O R (BO TTO M ) : ice form ed on the  b o t­
toms of rivers and  lakes.

CANDLE: long crysta ls  form ed in fre sh -w a te r  
ice or in sa lt ice th a t  has become fresh.

COASTAL: form ations th a t ,  regardless of 
origin, exist betw een lan d  and  sea on the  
coast.

FAST: stretches of b roken  o r un brok en  sea ice 
a ttached  on one o r m ore sides to  land  o r to  
stranded  hum m ocks or bergs.

FIBROUS (A C IC U LA R ) : form ed a t th e  bo ttom  
of the ice near its  co n tac t w ith  w a te r. I t  con­
sists of num erous long crysta ls  and  hollow  
tubes of variab le  form  hav ing  a layered a r ­
rangem ent and  con tain ing  bubbles o f air.

FRAZIL: a m ush of ice spicules and w a te r , re ­
sembling slush, th a t  form s w hen tu rb u le n t 
w a te r  freezes.

GLACIER: ice of glacial o rig in  found  u n d er 
old m oraines o r o u tw ash  deposits.

G R O U N D : bodies of ice in  frozen  g round , ex­
cluding ice of glacial origin.

HUMM OCKED: ice piled h ap h azard ly  in sho rt 
ridges or hillocks.

PACK: any large  area  of floating  sea ice d riven  
closely together.

PANCAKE: pieces o f new ly form ed sea ice each 
about 1 to  6 f t  in  d iam eter.

PRESSURE: a general te rm  fo r  ice displaced v e r­
tically  by pressure resu ltin g  from  w ind , tide , 
tem p era tu re  change, and  so on.

SEA: a general te rm  fo r all form s of sa lt-w a te r  
ice encountered  on the su rface  of the  sea.

SHELF : th ick  glacial ice ex tend ing  o u t from  the 
land b u t a ttach ed  to  it.

Y O UN G: new ly form ed ice in  transitio n  from  
ice c ru s t to  w in te r  ice.

ICEBERG: huge mass o f ice calved from  a glacier.
ICECAP A N D  ICE SH EET: perenn ial m an tle  of
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ice and snow covering a t r a c t  and moving in 
all or several directions from  the center. An 
ice sheet, o r con tinenal glacier, is a very large 
icecap, such as th a t  covering A n tarc tica  or 
G reenland. The la t te r , how ever, is commonly 
called the  G reenland Icecap.

ICEFIELD: extensive sheet of sea ice.
ICE FOG: supercooled fine droplets of w a te r 

caused by condensation du ring  cloudless 
periods of low tem p era tu re , high relative h u ­
m id ity , and  calm s or ligh t w ind.

IC IN G : mass of su rface  ice form ed by successive 
freezing of sheets of w a te r  th a t m ay seep from  
the g rou nd , a r iv e r, or a spring. When the  
ice is th ick  and localized, it  m ay be called an 
icing m ound. In  A laska, it  is frequen tly  
called glaciering .

IN F IL T R A T IO N : process by w hich w a te r  or an ­
o ther elem ent passes th ro ug h  m aterial.

IN SO L A T IO N : absorption of heat from  the sun’s 
rays.

IN TRA PERM A FRO ST W ATER. See W ater.
KARST. See T herm okarst.
LEAD: long, n a rro w  navigable w a te r  passage 

th ro u g h  pack  ice th a t  is too wide fo r men and 
dog team s to  cross. (See also Shore Lead.)

MUCK: m ix tu re  of decayed vegetable m atte r and 
siltlike m a te ria l th a t  form s the surface layer 
of the g ro u n d  in perm afrost areas.

MUSKEG: a Sphagnum  bog, especially one w ith  
tussocks. M uskeg moss is any of the various 
mosses of th e  Sphagnum , H ypnum , and sim ilar 
genera.

NEV É (F IR N ): recrysta llized  snow, in transition  
from  snow to  ice, th a t  is com pacted and h a rd ­
ened by w ind  and therm al variation .

N U N A T A K : isolated hill or m ountain  of bare rock 
rising  above the  su rro un d in g  ice sheet.

PACK ICE. See Ice.
PAN CAK E ICE. See Ice.
PASSIVE C O N ST R U C T IO N : m ethod of construc­

tion  th a t  preserves perm afrost fo r its s tru c ­
tu ra l  value.

PERM AFROST : perm anen tly  frozen subsurface 
m a te ria l no t sub ject to  seasonal freezing and 
th aw ing .

A G G R A D A T IO N : g ro w th  of perm afrost u n ­
der th e  disciplines (n a tu ra l or artificial) 
ex isten t in  th e  area.

AREA: specific section w here all or only a p a r t

of the m ateria l below the e a r th ’s surface is 
perm afrost.

D EG R A D A T IO N : disappearance of perm afrost 
th ro u g h  n a tu ra l or artificial causes.

DRY: perm afrost whose ice m atrix  is in su f­
ficient to  fill the voids existent in the rem ain­
ing solid m ateria l.

SUPRAPERM AFROST LAYER: thickness of 
g round  above the perm afrost consisting of 
the active layer, ta lik , and any isolated lenses 
of perm afrost w herever present.

TABLE: ir re g u la r  surface  representing the 
upper lim it of perm afrost. (See also Frost 
T able.)

P IN G O : large m ound in a perm afrost area.
POLYGONAL SOIL: polygonal p a tte rn  of the 

g round  su rface  produced by a more or less 
m arked  segregation of te x tu ra l constituen ts 
of the g round  and indicated also by a slight 
relief.

POLYNYA: any enclosed w a te r  area, o ther than  a 
c rack  or lead* am ong fields and floes of pack 
ice.

PRESSURE ICE. See Ice.
R EG ELA TIO N : fusion of pieces of ice un der 

pressure.
RIME: ice crysta ls  p rec ip ita ted  from  moist air.
RU N O FF: p recip ita tion  th a t  has escaped the ac­

tions of in tercep tion , evaporation, tran sp ira ­
tion, and deep seepage.

SASTRUGI (ZA STR U G I) : w avelike ridges of hard  
snow form ed by the action of the w ind on a 
level su rface , w ith  the axes of the ridges a t 
r ig h t angles to  the  prevailing  w ind direction.

SEA ICE. See Ice.
SERACS: ice pinnacles on a glacier.
SHELF ICE. See Ice.
SHORE LEAD: lead betw een floating ice and the 

shore or betw een floating ice and fast ice. 
(See also Lead.)

SIKUSSAK: very  old ice th a t  does no t d r if t  because 
it  is located in areas (fiords, fo r exam ple) th a t  
seldom become clear of ice.

SKY MAP: m irro rin g  of land , snow, or ice in the 
clouds th a t  approaches perfection as the 
clouds on an  overcast day approach u n i­
form ity .

SO LIFLU CTIO N : process of denudation caused by 
slow g rav ita tio n a l flow ing (creep) on slopes 
of sa tu ra te d  soil masses th a t  a lte rn a te ly  freeze 
and th aw .
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SNOW CRETE O R  SNOW  C O N CR ETE: snow, 
hardened a t  low  tem p era tu res by m echanical 
com paction and  aging, used as a construction  
m aterial.

SUBPERMAFROST W A TER. See W ater.
SUPRAPERMAFROST LAYER. See P erm afrost.
SUPRAPERMAFROST W A TER. See W ater.
TA IG A : cold, sw am py, forested  regions of the 

no rth , p a r tic u la r ly  in Siberia, w hich begin 
w here the tu n d ra  ends.

TALIK: layer of un frozen  g rou nd  betw een the  sea­
sonal frozen g rou nd  (ac tive  lay er) and  the 
perm anently  frozen  g rou nd  (p e rm afro s t) . I t  
also applies to  any un frozen  zones w ith in  the 
perm afrost as w ell as to  the  un frozen  ground  
beneath the  perm afrost.

T H A W IN G  IN D E X : sum m ation of th e  num ber of 
degree^days of th aw  d u rin g  the  th aw ing  sea­
son. For corrections to  th is fa c to r , see P rob­
lem 2, pa r. 3 of 2A8.04.

THERM OKARST: uneven topographic featu res 
produced by m elting  of g rou nd  ice and subse­
quen t se ttling  or cav ing  o f the  ground . I t  is 
characterized  by short ravines, sinkholes, fu n ­
nels, and caverns sim ilar to  those produced in 
limestone te r ra in  (k a rs t)  by the solvent action 
of w ate r.

T R A N SPIR A T IO N : exhala tion  of vap o r from  
p lan t tissues.

T U N D R A : level o r u n d u la tin g  treeless p lain ch ar­
acteristic  of n o rth e rn  A rc tic  regions in  both 
the E astern  and  W estern  Hem ispheres. Gen­

erally , the tu n d ra  m ark s the  lim it of arbores­
cent vegetation , b u t supports a dense g ro w th  
of grass, moss, lichen, and  shrub .

TUSSOCK: tu f t  or clum p of grass or sedge.
U TILID O R : condu it placed in the g rou nd  or sup­

ported  on th e  g rou nd  to  p ro tec t electrical or 
telephone cables, w a te r , steam , a n d /o r  sew er 
pipes.

VAPOR CLOUD: fog o r m ist form ed by condensa­
tion of m oisture from  re la tive ly  w arm  gases, 
such as b rea th  from  anim als o r hum ans and  
engine exhaust, expelled in to  low  am bient 
tem peratu res and  visible as tra ilin g  clouds 
above persons, anim als, and  heat-p ro du cing  
objects.

W A N IG A N  : small shed o r houselike s tru c tu re  
m ounted on sleds and  used fo r sleeping, w o rk ­
ing, eating , o r sto rage.

W ATER.
INTRA PERM AFRO ST : g ro u n d  w a te r  w ith in  

perm afrost.
KARST: g rou nd  w a te r  flow ing th ro u g h  k a rs t 

form ations. (See also T h erm o k ars t.)
SUBPERMAFROST : g ro u n d  w a te r  beneath  

perm afrost.
SUPRAPERM AFROST : g rou nd  w a te r  above 

perm afrost, called th e  su p rap erm afro st layer.
W IN D  CH ILL: com bined cooling effect of w ind  

and a ir  on th e  te m p e ra tu re  of heated  bodies. 
I t  is expressed in  k ilogram  calories per square 
m eter per h o u r (k g  c a l/sq  m / h r ) .

Y O UN G ICE. See Ice.
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Section I. GEO GRAPHY AND TOPOGRAPHY

XBI.OI ALASKA

1. ARCTIC. M uch of A laska is no t A rctic  bu t 
Subarctic. W h at m ight t ru ly  be called A rctic 
A laska is the broad belt th a t  extends northeast 
along the coast from  Sew ard Peninsula to Point 
B arrow  and east to the C anadian boundary  a t 
D em arcation Point. The la rg er topographical fea­
tu res  of this belt are Brooks Range and Seward 
Peninsula, whose tip , Cape Prince of Wales, is only 
about 60 miles from  Siberia across Bering S tra it.

Brooks Range is one of the g rea t m ountain  chains 
of N o rth  Am erica. A ctually , it  is not a single range 
b u t a series of ranges, some of whose peaks are be­
tw een 8,000 and 8,500 feet high. The range has 
an east-w est tren d , w ith  the w estern  end near Cape 
Lisburne and the eastern  near D em arcation Point.

The coast, w ith  the exception of Sew ard Penin­
sula and the v icin ity  of Cape L isburne, is gen­
erally  flat and low. Shaped like a w ide tr ian g u la r  
p la teau , it  reaches its g reatest w id th  near Point 
Barrow .

2. SUBARCTIC. The te r r i to ry  sou th  of Seward
Peninsula includes the broad deltas and alluvial 
plains of the Y ukon and K uskokw im  Rivers. The 
Yukon, rising in no rthw estern  C anada and flowing 
from  east, to  w est across cen tra l A laska, is a m ajor 
fea tu re  of the in terio r. '

The A leutian  Islands, s tre tch ing  in a chain across 
the no rthern  p a r t  of the Pacific Ocean to  Kam ­
ch a tk a  Peninsula, Siberia, form  an alm ost perfect 
arc. Most of the A leutians are active or only re­
cently  dorm ant volcanoes. They are a con tinua­
tion of a volcanic belt th a t  begins in A laska a t  Mt. 
Edgecum be on K ruzo f Island near S itka, continues 
n o rth  to  the south coast, swings w est to  the Alaska 
Peninsula, and then southw est to  join the great 
arc th a t  extends to  the A m erican end of the chain 
a t A ttu , a distance of abou t 2,500 miles. The 
en tire  chain, therefore , is shaped like a g ian t S. 
Many of the peaks in th is active volcanic belt are
8,000 to  11,000 f t  above sea level. Glaciers descend 
from  a large num ber of the ex tin c t volcanoes.

The south coast of A laska has no recen t vol­
canoes, b u t it  is even m ore m ountainous and con­
tains some large glaciers, no tab ly  H u b b ard  and 
Malaspina. The higher m ountains are M arcus 
Baker (13,250 f t ) ,  St. Elias (18,008 f t ) ,  and 
Logan (19,850 f t ) ,  w hich is ju s t over the C ana­

dian border. This g roup  continues in to  the in ­
terio r, form ing the A laska Range. Mt. M cKinley, 
20,270 f t  high, is th e  crow ning  sum m it and is the  
lo ftiest peak in N o rth  A m erica.
XBI.02 CANADA

A rctic  C anada includes alm ost all of the n o rth  
coast and the C anadian  A rc tic  A rchipelago. The 
tw o topographical areas as a u n it have been con­
veniently divided in to  W estern  and E astern  
Canadian A rc tic , w ith  the division based chiefly on 
topographical differences. T here is alm ost no trav e l 
back and fo rth , and  usu ally  bo th  areas are ap ­
proached from  differen t directions.

1. W ESTERN A R C TIC . The W estern C an a­
dian A rctic  consists of the  coastal m ainland from  
D em arcation P oint to  Boothia Peninsula, includ ing  
the islands of the  archipelago to  the no rth . Except 
for the region of th e  M ackenzie R iver, the m ain ­
land, w hich is p a r t  of the C anadian  Shield, is 
rocky, composed of g ran ite  and gneiss. T he islands 
are also p a r t of the C anadian  Shield b u t are over- 
lain by sedim entary rocks. The largest, V ictoria , 
is the second largest in the en tire  archipelago. 
Banks and Melville are o ther large  and im p o rtan t 
islands in the g roup . O n the whole, th e  region is 
low lying, b u t th e re  are a few  m ountains w ith  
perennial snow banks.

2. EASTERN A R C T IC . The E astern  C anadian  
A rctic  comprises m ost of the  m ain land from  Boothia 
Peninsula to  L ab rado r and  includes the islands to  
the n o rth  and no rtheast. O f th is g roup , Baffin, 
w ith  an area 2V2 times th a t  of G rea t B rita in  (or 
nearly  200,000 square  m iles), is the la rgest island 
in the entire  archipelago and  f ifth  largest in the 
w orld. Ellesmere is th ird  la rgest in the archipelago. 
The east coast of Baffin and  the  eastern  and n o rth ­
ern  p arts  of Ellesm ere are  rugg ed  and m o u n ta in ­
ous, w ith  peaks app rox im ately  8,000 f t  high on 
Baffin and 11,000 f t  on Ellesmere. Both islands 
have small icecaps and  valley glaciers. O th er im ­
p o rtan t islands in th e  g roup  are Bylot, D evon, and 
Axel H eiberg, all of w hich  are  high enough to  
ca rry  glaciers. D eeply indented  fiords and glacial 
scu lp tu ring  are the  cha rac te ris tic  fea tu res of m ost 
of the island coasts, especially Baffin and Ellesmere.

On the whole, th e  Eastern^ C anadian  A rc tic  is 
higher and m ore ru g g ed  th a n  the  W estern , a l­
though low tu n d ra s  do occur. P a rts  of the island
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in terio rs and p rac tica lly  all of the w est coast of 
H udson Bay on the m ainland are low lying and 
flat and in m ost places covered by tu n d ra .

3. SUBARCTIC. South of the W estern and 
E astern  C anadian  A rc tic , the principal n a tu ra l 
regions (p a r tly  A rc tic  b u t mostly Subarctic in 
ch a rac te r)  are the w estern  m ountains and in terior 
low land. The m ountains, of w hich the Mackenzies 
are p a r t, represen t the no rth w ard  extension of the 
Rocky M ountains of the U nited States and southern 
C anada. Some of the peaks reach 7,000 and 8,000 
f t  and a few  have snow banks the year around.

The in te rio r low land comprises the rich valley 
of the M ackenzie R iver and a broad expanse of 
generally  flat co u n try . G igantic G reat Bear Lake 
is separated  from  the M ackenzie Valley by a low 
range. Countless sm aller lakes, a notable fea tu re  
of the region, are sca tte red  th ro ug hou t the valley. 
E astw ard  lies a broad plain, w hich slopes gently to 
sea level a t H udson Bay.
XBI.03 LABRADOR

L abrador, betw een the 60th and 50th parallels, 
lies fa r  sou th  of the A rc tic  Circle. O nly the n o rth ­
eastern  p a r t  is t ru ly  A rc tic , and this is chiefly be­
cause of the cold L abrado r C u rren t. Like the E ast­
ern  C anadian  A rc tic , northeastern  Labrador is 
m ountainous and dissected by m any fiords. The 
T o rn g a t M ountains, w hich ca rry  a few  cirque- 
type glaciers, exceed 5,000 f t. In the southern p a r t 
there are only a few  fiords; b u t one, H am ilton In ­
let, penetra tes m any miles into the in terio r and is 
several times as large as any other in Labrador.
XBI.04 GREENLAND

G reenland (840,000 square miles) is not only 
the largest of the A rc tic  islands b u t also the largest 
island in the w orld . A bout 8 5 percent is covered 
by an ice sheet, m ore commonly referred  to as the 
G reenland Icecap, w hich leaves only a relatively 
n arro w  ice-free bo rder along the coasts. Much of 
the coastal zone is m ountainous, the east coast 
more so; W atk ins (G unnb jorn) M ountain, the 
highest, is 12,139 f t .

E xcluding the icecap and descending valley 
glaciers, w hich  discharge huge bergs in to the sea, 
the fiords, m any of w hich have glaciers a t th e ir  
heads, are the  m ost characteristic  topographical 
fea tu re . They p en e tra te  deeply into the coast and 
lend unsurpassing  g ran d eu r  to the landscape. The 
East G reenland fiord system, of w hich Scoresby

Sound and F ran z  Josef F iord are the most spec­
ta c u la r  and best know n, is one of the most impos­
ing in the w orld. Scoresby Sound cuts inland for 
some 150 miles; F ran z  Josef Fiord has sheer, m ulti- 
hued w alls.

The G reenland Icecap, nearly  1,500 miles long 
and 200 to 500 miles w ide, has an area of about
714,000 square miles. O bservations indicate th a t 
it has no t been in equilibrium  for more than  a cen­
tu ry ; it  is steadily shrinking. A blation exceeds 
precip itation , th a t  is, the icecap is suffering con­
siderable loss from  calv ing of icebergs.

O ver the vast cen tra l area the slopes are qu ite  
m oderate, 5 to 50 f t  per mile. Nevertheless, the 
Icecap, estim ated a t betw een 7,000 and 8,000 f t  
th ick , rises in a t least th ree know n domes, the 
highest of w hich exceeds 11,000 f t. W hether the 
domes are the topographical expression of highland 
areas or simply thousands of feet of ice is not 
know n and w ill no t be know n u n til the n a tu re  of 
the subglacier floor has been determ ined.

The Icecap is no t the only type of glacier in 
G reenland; there are hundreds of valley glaciers 
and small icecaps occupying the coastal belt in both 
East and W est G reenland. Even the piedm ont 
glacier, such as the Frederickshaal, is represented 
on the w est coast. U ndoubtedly  there are more, as 
yet un reported .

The m arg in  of the Icecap is extrem ely irreg u la r  
(F igure XB1-1) because of the ruggedness of the 
coastal m ountains th ro u g h  whose valleys the ice 
descends in tonguelike ou tle t glaciers. These 
tongues, w ith  clifflike term ini and in trica te  c re­
vasses, finally reach the sea on fron ts th a t m ay be 
several miles in w id th . All year they calve icebergs 
of immense size in to  the deep w ater. H um boldt 
G lacier on the w est coast is the largest of the o u t­
lets— 60 miles w ide a t its term inus. The Icecap 
produces by fa r  and aw ay the g rea ter num ber of 
bergs, somewhere betw een 10,000 and 15,000 an ­
nually , w ith  east and w est coasts sharing equally 
in the to ta l. The m ajo rity  are calved from  glaciers 
located betw een the 65 th  and 80th parallels.
XBI.05 SPITSBERGEN

Spitsbergen, an archipelago, is p a r t of the N o r­
w egian possession of Svalbard , w hich includes sev­
eral o ther islands betw een the G reenland and B ar­
ents Seas. The archipelago (abou t 24,000 square 
miles in area) consists of the follow ing islands: 
W est Spitsbergen, N o rth east Land, Edge, Barents,
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FIGURE XB1-1
Surface of Greenland Icecap Near Its Edge

and Prince Charles Foreland. Despite its high 
n o rthern  la titu des (76° 25' to  80° 5 0 ') , Spits­
bergen has been the  cynosure of m any nations for 
a t least fo u r centuries. The basic reasons are  (a) 
the G u lf Stream  keeps the  seas open fo r more 
th an  h a lf  the year, and  (b ) m inerals, p a rticu la rly  
coal, are extensive.

W est Spitsbergen Island (ab o u t 15,000 square 
miles in area) is w edge shaped, w ith  the  apex 
pointing south . (See F igure 1B2-7.) Its  coast­
line, especially the  w estern , is indented by many 
fiords.

The w est coast is a folded belt m arked  by sharp 
peaks and valleys th ro u g h  w hich glaciers reach 
the  sea. E astw ard  are fau lted  p la teaus whose beds,

although  affected by fo ld ing , are  in  general nearly  
horizontal. In terspersed  am ong these co n tras tin g  
s tru c tu ra l form s a re  basal p la tfo rm s composed of 
ancient crystalline rocks, the  la rgest exposure of 
w hich is a t the n o rth w este rn  corner. I t  parallels 
W ijde Bay and  reaches 5,633 f t  in M t. N ew ton . 
Roches moutonnées, o r bosses of bedrock smoothed 
and polished by g lacial abrasion, occur freq u en tly  
in these basal p la tfo rm s. Locally, e ru p tiv e  rocks 
and volcanic cones of ashes, lapilli, and scoria have 
furn ished add itional fea tu res  to  the  topography . 
Along some of th e  fiords, th e re  are  w ide and  long 
coastal plains from  60 to  90 f t  above sea level, 
and above them  are  raised beaches, some of w hich 
are 400 f t  high o r m ore.
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XB1.06 SOVIET UNION
T he m ajor divisions of the Soviet A rctic  are 

the  E urasian  and E astern  A siatic A rctics. The geo­
graph ical boundaries, how ever, do not follow the 
generally  accepted sou thern  la titu d in a l boundary 
of the A rctic  as the region having a mean tem pera­
tu re  of 9° C (48.2° F) in the w arm est m onth of 
the year. The Soviets have defined the Soviet A rc­
tic in term s of adm in istra tive  ju risdiction as set 
fo rth  in the Decrees of 1926 and 1936 on the T er­
rito ria l R ights of the Soviet Union in the A rctic 
and the C en tra l A dm inistra tion  of the N o rthern  
Sea Route. This ju risd ic tional boundary follows a 
line most of w hich is considerably south of the 
A rc tic  C ircle ( la t 66° 30' N ) . Reading from  west 
to  east, the line runs from  the Finnish border on 
Kola Peninsula along the coast to a point west of 
Pechora R iver, w here it  angles southeast and 
south , crosses the rive r, and then tu rn s  south and 
sou thw est to  cross the A rctic  Circle. From here it 
swings across the rest of the Eurasian A rctic  and 
all of the E astern  A siatic A rctic  to Bering S trait.

1. EU RA SIA N  A R CTIC . The E urasian A rctic 
includes islands, seas, and m ainland. I t  lies be­
tw een the Finnish border and A nabar River, 
w hich is east of T aim yr Peninsula in Siberia.

a. Islands. The islands, separated by B ar­
ents and K ara  Seas, consist of three archipelagoes 
— F ran z  Josef Land (also called F rid tjo f Nansen 
L an d ), N ovaya Zem lya, and Severnaya Zemlya.

(1)  Franz Josef Land. Franz Josef Land 
consists of 85 islands w ith  a combined area of about
8,000 square  miles. The British and A ustrian  
Sounds divide the archipelago into three sections. 
The tw o largest islands, A leksandra and Prince 
George, are on the w est. The middle section is oc­
cupied by num erous small islands. East of Aus­
tr ia n  Sound are tw o re la tively  large islands, Wil- 
czek and G raham  Bell, and northeast of them is 
Prince R udolph Island. The islands are pre­
dom inan tly  low  pla teaus averaging 1,000 f t  in 
elevation. W ilczek is the highest (2,410 f t ) .

(2 )  N o va ya  Zem lya. N ovaya Zemlya 
(N ew  Land in R u ssian), w ith  Vaigach Island, is 
the  nex t archipelago (36,500 square miles) to the 
east. N ovaya Zem lya itse lf is a double island 
broken by M atochkin  Shar S tra it. The w estern 
coastline is a low  fo re land  a t the base of the steep 
flanks of the c en tra l n o rth -sou th  m ountain  ridge, 
w hich rises to  betw een 3,000 and 3,500 f t. Goose 
Land, D ry  H eadline, and A dm ira lty  Peninsula are

prom inent projections of the forelands. The east 
coast is low and fla t; a round  M atochkin Shar the 
coast is rocky. The archipelago is a con tinuation  
of the U ra l and Pai-Khoi M ountains of the m ain­
land.

( 3 ) Severnaya Zem lya. Severnaya Zem­
lya (N o rth  Land in R ussian) consists of fo u r large 
islands (Komsomolets, Pioneer, O ctober Revolu­
tion, and Bolshevik) and several sm aller islands. 
The to ta l area is about 14,300 square miles. The 
Red A rm y S tra it separates Komsomolets from  
O ctober Revolution. I t  is a narrow  fiord-type 
s tra it  do tted  w ith  islets and reefs th a t m ake nav i­
gation im practicable. Shokalski S tra it separates 
O ctober R evolution from  Bolshevik. W ide and 
deep, it m ay become an im p ortan t passage for ships 
going from  K ara Sea to the east. Boris V ilkitski 
S tra it, also w ide and deep, separates Severnaya 
Zemlya from  T aim yr Peninsula. No special ch a r­
acteristic  distinguishes these islands. None exceeds 
1,500 f t  in elevation, and all are more or less dome 
shaped and dissected by fiords, w ith  the exception of 
the east coast of O ctober R evolution, w hich has no 
fiords.

b. Mainland. The m ainland of the Eurasian 
A rctic  is subdivided in to  European A rctic  and 
W estern Siberian A rctic .

( 1 ) European A rctic . The European 
A rctic  extends from  the Finnish border to the U ra l 
M ountains. I t  consists of Kola and Kanin Penin­
sulas and M alozem elskaya and Bolshezemelskaya 
T un dras (L ittle  and G reat Lands, respectively, in 
R u ssian ).

The topography has no special characteristics. 
The M urm an coast of Kola Peninsula, except the 
sou theastern  ex trem ity , has few  A rctic  ch a rac te r­
istics because of the influence of the G u lf Stream . 
The harbors are open all year. The coast of the 
K anin Peninsula has low cliffs and terraces from  
180 to 280 f t  high; the n o rthern  ex trem ity  is the 
highest. The terraces are postglacial raised 
beaches.

, The m axim um  a ltitu d e  of the coastal belt of 
M alozemelskaya T u n d ra , east of Chesha Bay, is 
abou t 600 f t ,  w hich is m uch higher th an  the high­
est p a r t of the K anin Peninsula coast. A ctually , 
the belt in this p a r t  constitu tes the foothills of the 
T im an Ridge, w hich accounts for the increased ele­
vation . From  here on, the coast flattens ou t and 
m aintains its low a ltitu d e  th ro ug h  the Pechora 
region and the Bolshezemelskaya T u n d ra  u n til it
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reaches the Pai-Khoi M ountains, a tectonic exten­
sion of the U rals th a t  rises to  1,560 f t .  The rest 
of the coast as fa r  as the U rals resembles th a t  of 
K anin Peninsula, w ith  low cliffs and terraces. The 
U rals themselves, as they  approach the  K ara  Sea, 
slope down from  th e ir general elevations (3,000 
to  6,000 f t )  to  abou t 1,500 f t  and m erge in to  the 
tu n d ra , w hich is m uch low er and form s a narrow  
belt along the coast.

(2 ) Western Siberian A rctic . The W est­
ern  Siberian A rc tic  includes the region betw een the 
U rals and A nabar R iver. I t  is a succession of 
peninsulas— Yam al, G yda, and  T aim yr. The first 
tw o  are topographically  inconsequential; bo th  are 
flat and low. The coast is also low except in a few 
places w here it  rises 90 to  100 f t.

The T aim yr Peninsula is m uch higher, especially 
in the no rth , w here B ryanga Ridge to  the west 
and N o rtheastern  Ridge to  the east rise 1,000 to  
1,500 f t. South of them  the land is low er, seldom 
reaching 600 f t .  The coastline also differs in th a t 
i t  is m uch more indented, a lthough  there  are no 
sizable bays except those a t  the m ouths of the 
Piasina and T aim yr R ivers. The coast is sheer in 
m any parts . Offshore there  are num erous groups 
of rocky crags and islets, of w hich the  N orden- 
skjold are the largest.

2. EASTERN ASIATIC A RCTIC. The Eastern 
A siatic A rctic  is also divided in to  islands, including 
L aptev, East Siberian, and C hukchi Seas, and m ain­
land. I t  lies betw een A n abar R iver and  Bering 
S tra it.

a. Islands. The islands include N ew  Sibe­
rian  Islands and W rangel.

(1 ) N ew  Siberian Islands. The N ew  
Siberian Islands are m ade up  of th ree  groups th a t 
have a combined area of abo u t 11,000 square miles. 
G rea t and L ittle  Lyakhov Islands form  the sou th­
ern  group; K oltelny, Faddei, N ovaya Siber (N ew  
S iberia), Belkovski, F igurin , and Zheleznÿakov 
the  cen tra l; and B ennett, H en rie tta , and  Jeanette  
th e  no rtheastern . The last group  is also know n as 
DeLong Islands. Those in the  cen tra l g roup  are the 
largest and highest in the archipelago. O n the 
w hole, elevation is sligh t; the  highest is Koltelny 
(1,150 f t ) .  The coastlines are  even and regu lar.

(2 ) Wrangel Island. W ith  the exception

of H erald , the easternm ost island is W rangel 
(abou t 1,740 square miles in  a re a ). The n o rth ern  
portion, called the A cadem y T u n d ra , is p rac tica lly  
unknow n; the sou thern  consists of high p lateaus, 
traversed  by tw o  long itu d in a l ridges, and  deep 
valleys. The eastern  p a r t  of the  p la teaus is higher, 
rang ing  from  600 to  1,200 f t ,  and has steeper 
coasts. O n the sou th , w here the highlands descend 
to  the shore, the  slope is m ore g radu a l.

W rangel is an  extrem ely  difficult island to  reach. 
Almost alw ays enveloped by fog, the island is su r­
rounded by icefields p rac tica lly  all year. Rogers 
Bay (la t 70° 57' N , long. 178° 10' E) is one of the 
few  places th a t  m ay be foun d  free  of im passable 
ice, generally from  m id -A u gu st to  Septem ber.

b. Mainland. The m ain land  of the E astern  
Asiatic A rctic  is subdivided in to  the W estern  and 
Eastern Sections.

( 1 ) Western Section. The coastal belt of 
Y akutia , s tre tch ing  betw een A n abar R iver and 
Kolyma E stu ary , is the W estern  Section. Because 
of num erous projections and  inden tations, the  
coastline changes d irection  freq u en tly . Between 
A nabar and Lena R ivers, the  belt averages 300 f t  
in elevation; eas tw ard  to  Kolyma the a ltitu d e  de­
creases sharply. Cape Svyatoi Nos is the  highest 
point (over 1,200 f t ) .  The charac te ris tic  fe a tu re  
is no t so m uch the re lief of the  land  o r the con­
figuration  of the  coastline, b u t the sandy foreshore 
and shallow coastal w a te rs  and  the estuaries and 
deltas of the rivers.

(2 ) Eastern S e c t i o n The C hukchi 
Peninsula constitu tes the  E astern  Section. I t  ex ­
tends from  th e  m ou th  of the Kolyma to  Cape 
Dezhnev on Bering S tra it. T he coastline has no t 
nearly  as m any projections and  inden tations as 
the W estern Section. T he m ajor in den ta tion  is 
C haun Bay; a lesser one is the  long, n a rro w  K olyu- 
chin Bay a t long. 175° E. T he shore, in co n tras t 
to  the Y aku tia  coast, is m ore a b ru p t; th e  cliffs are 
sheer, o ften  reaching considerable heights, as on 
Cape Shm idt and  Cape D ezhnev. S tretches of sandy 
flats, how ever, are n o t uncom m on, especially in 
the northeast. The m ost s tr ik in g  fea tu re  of the 
region is th a t  the  land  rises from  the  shore to  hilly  
tu n d ra , becoming m ore and  m ore m ountainous as it  
recedes fa r th e r  in land.
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Section 2. RESOURCES

XB2.0I MINERALS

1. ALASKA. A laska, on the whole, is relatively 
rich  in  m ineral resources. A rctic  A laska, however, 
has no t y e t shown a corresponding yield, a lthough 
p lacer gold and  p la tin u m , tin , nickel, silver, an ­
tim ony, tu n g sten , jade, and asbestos have been 
found . Coal has been m ined a t Chichagof Creek 
on Sew ard Peninsula and  in  several places in n o rth ­
ern  A laska a t  C orw in , Cape Lisburne, and along 
Meade R iver sou th  of P oint B arrow . An oil re ­
serve of 37,000 square  miles has been set aside in 
the v ic in ity  of P o in t B arrow  n o rth  of Brooks 
Range. T he coastal p lain  and foothills of Brooks 
Range are believed to  be the most promising areas 
fo r oil and  o ther valuab le  m inerals.

2. CA N A D A .
a. Mainland. T he m ineral resources of the 

A rc tic  m ain land  of C anada, if  judged on the basis 
of those existing fa r th e r  south , m ust be consider­
able. R ad ium  and  u ran iu m  deposits a t G reat Bear 
Lake, oil a t  N o rm an  W ells, gold a t Yellow Knife, 
and iron  ore a t B u rn t Creek and Leaf Lake are 
ou tstan d ing  exam ples th a t  indicate w h a t m ay be 
the m ineral po ten tia l of the Canadian Shield 
fa r th e r  n o rth . One o f th e  most prom ising regions 
is along th e  w est coast of H udson Bay between 
Eskimo P oin t and  Chesterfield and around  the 
up per K azan  R iver and  Padlei areas. N ickel, cop­
per, p la tin u m , gold, silver, and iron  have been 
reported .

b. Islands. T he A rc tic  islands of Canada 
(over 325,000 square  m iles) are ano ther vast area 
whose te r ra in  indicates favorab le developm ent of 
m ineral resources. V arious m ineral occurrences 
have been observed in  areas underla in  by Pre- 
C am brian  rocks, and  num erous coal deposits of 
la te  Paleozoic and  T e rtia ry  times have been re ­
ported . Coal m ay p lay  an  im p o rtan t p a r t  in a 
land devoid of w ood and  w aterpow er. Small 
am ounts o f T e rtia ry  lign ite  have been mined near 
Pond In le t a t  Salmon R iver fo r the  last q u a rte r  of a 
c en tu ry  and  used fo r  th e  post settlem ent.

Some o f the  islands (n o rth e rn  Ellesmere, Sver­
d ru p , Cape G rinnell Peninsula on Devon Island, 
B a th u rs t, M elville, B orden, and no rth ern  B anks), 
con ta in ing  fla t o r gen tly  folded beds of epeiric sea 
sedim ents, offer s tru c tu ra l  conditions fo r oil ac­
cum ulation . A c tu a l seepage has been reported  on 
n o rth e rn  M elville Island .

A ll in all, despite po ten tialities, developm ent of 
the C anadian  A rc tic  is a t present lim ited; a t least, 
i t  is no t com parable to  cryolite  m ining in G reen­
land or coal m ining in  Spitsbergen.

3. G R EEN LA N D . C ryolite, used as a flux in 
the electro ly tic  p roduction  of alum inum , occurs 
in a g rea t pegm atite  vein cu ttin g  th ro u g h  g ran ite  
near Iv ig tu t . I t  is now  produced synthetically , 
w ith  the  re su lt th a t  in  its n a tu ra l, form  it  has lost 
m uch of its value. M inerals associated w ith  cryo­
lite  in the  pegm atite  vein are  siderite, galena, chal- 
copyrite , p y rite , fluorite , topaz, and a few  ra re  
m inerals. G raph ite  is m ined a t Am itsok and near 
U pernavik . N o rth  of N ag suak  Peninsula a t 
K aerssvarsuk , b itum inous coal of T e rtia ry  age is 
m ined fo r local use. Coal also occurs on Disko 
Island.

4. SPITSBERGEN. Coal, w hich is mined ex­
tensively, is the principa l resource of Spitsbergen. 
M arble, gypsum , m ica, arid phosphate rock are of 
lesser im port. H igh -g rad e  iron  ore exists on Prince 
Charles Foreland, b u t i t  is alm ost inaccessible be­
cause of glaciers.

5. EURASIA. From  the standpoin t of indus­
tr ia l exp lo itation , the m ost im p ortan t deposits th a t  
are m ined o r could be m ined w ith  profit in E urasia 
are coal in  the fo u r  large  basins around  Pechora, 
T ungus, Lena, and  Kolym a R iver areas; oil in  the 
U khta-P echora  belt and  on T aim yr Peninsula; 
fluorite  a t  A nderm a; copper and nickel a t N orilsk ; 
g raph ite  a t  K u re ika ; silver and lead in the w est­
ern  p a r t  of V erkoian R ange; and rock sa lt a t  
N o rd v ik . The la rgest nickel deposit (nickel-cop­
per sulfide) in n o rth e rn  E urope is near Pechenga 
(Petsam o) in n o rth e rn  F in land , and the largest de­
posit of h igh-gr^de iron  ore (m agnetite) presently  
know n in th e  w o rld  is a t  K iru na , 100 miles w ith in  
the  A rc tic  Circle.
XB2.02 VEGETATION

1. THERM AL REGIME.
a. Interaction of Permafrost and Plant 

G rowth . P erm afro st affects p lan t g row th . For 
exam ple, (a )  p lan ts m ay  be subjected to  severe 
w a te r  loss, perhaps to  the  ex ten t of perm anen t 
dam age, by exposure to  d ry ing  w inds w hile the  
roots are encased in  frozen  soil and can no t absorb 
w a te r , and  (b ) slopes modified by intensive fro s t
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processes are rem arkab le  fo r the la te ra l and ver­
tica l un ifo rm ity  of the covering vegetation .

P lan ts affect soil fro s t phenom ena m ost sig­
nificantly  th ro u g h  controls exercised on the th e r­
m al regime of the  soil. These controls and their 
effects are p robably  different fo r all n a tu ra l sites. 
V egetation shields the  soil from  m axim um  pene­
tra tio n  of heat by shading, by decreasing a ir  c ir­
culation , by re ta in ing  m oisture in  and ju s t above 
the soil, and by in tercep ting  ra in . A nother cooling 
effect, the evaporation  of m oisture on p lan t su r­
faces, m ay also be significant. Moss plays an  im­
p o rta n t p a r t  in  th is effect because i t  has no t only 
a low therm al con du c tiv ity , especially w hen dry , 
b u t also a large  w ater-ho ld ing  capacity . Moss is 
strongly  hygroscopic. I t  is common know ledge in 
A laska th a t  th aw in g  of frozen  g rou nd  is g reatly  
hastened by rem oving moss, a te rm  loosely used 
fo r moss carpets, th ick  tu r f ,  and  su rface  peat. 
A ccum ulations of vegetal m a tte r  are effective in ­
sulators d u rin g  th aw in g  and good conductors 
w hen frozen in a w a te r-sa tu ra te d  condition.

A lthough vegeta tion  dom inantly  favors the  ac­
cum ulation  of a cold reserve in  the  g round , i t  also 
con tribu tes to  the  opposite effect. Vegetal cover 
decreases a ir -c u rre n t velocities w ith in  its s tra tu m  
and, therefore, impedes hea t rad ia tio n  from  the  soil 
to  the cold a ir.

The g round  p e rm ittin g  the  g rea test degree of 
w a te r  penetra tion  usually  th aw s to  the  g reatest 
depth . Extensive roo t systems impede dow nw ard  
percolation and th u s  re s tr ic t th aw . O n the  other 
hand, roots, especially w hen dead o r decaying, may 
provide channels fo r  w a te r  penetra tion  and  m ay 
sometimes become loci fo r  th e  g ro w th  of granules 
and small stringers of ice. U prooting  and  other 
disturbances to  roots o f la rg e r p lan ts over a high 
perm afrost tab le  can in itia te  th a w  and sinks.

P lan t roots and u n d erg ro u n d  stems have cer­
ta in  m echanical roles in th e  genesis of soil frost 
features. These organs serve as bind ing and anchor­
ing agents in the  t u r f  and up per soil layers and 
m ay show rem arkab le  s tren g th  and resilience 
against fro st action . Roots and un d erg ro u n d  stems 
hold the t u r f  w a ll together on th e  f ro n t scarp of 
tu rf-b an k ed  te rraces, and anchoring roots hold 
back g rea t heavy m ats of t u r f  on slopes th a t  have 
unstab le soil.

F rost in the soil and  the  associated vegetal cover 
th us ex e rt a dynam ic influence on each o ther. In  
m any situations th is in te rac tio n  engenders cyclic

TABLE XB2-1
Appearance  of Vegetation in Aeria l 

Photographs fRef. 1071

N a m e D e scrip t ion

A la s k a
birch

T h e  b r igh t  g reen  fo liag e  a p p e a rs  ligh t  to m e d iu m  gray .  
C ro w n s o f m u lt ip le -b o le d  trees, often  25 feet in d iam ete r,  
re se m b le  b illo w y  f lu ffs  o f  cotton. S h a d o w s,  m ore  d e n se  than  
th ose  o f  a sp e n , h a v e  a fea th e ry  texture.

B a ls a m
p op lar

B a lsa m  p o p la r  re g is te r s  m e d iu m  gray, d a rk e r  th a n  b irch  
an d  a b o u t  th e  sa m e  ton e  a s  a sp e n . U n lik e  th e  ro u n d -to p p e d  
sh a d o w  c a st  by  m a tu re  a sp e n , th e  sh a d o w  o f th is  sp e c ie s  
h a s  a po inted, ta p e r in g  crow n  th a t is  m ore  d e n se  th a n  a sp e n .  
T h e  fea th e ry  s h a d o w s  o f b a lsa m  p o p la r  are  u su a lly  le s s  
f lim sy  th a n  th o se  c a st  by  A la s k a  b irch, excep t in s itu a t io n s  
w here  b irch  g ro w s  in c lu ste rs  o f  five  or m ore  stem s.

B la c k
sp ru ce

It  is  ex trem e ly  d ifficu lt to d iffe ren tia te  betw een  stu n te d  
w h ite  sp ru c e  a n d  b la c k  sp ru c e  e s ta b lish e d  on p o orly  d ra in e d  
site s. W h e n  v ie w e d  from  the  a ir  a t  low  a ltitu de s, th is  sp e c ie s  
a p p e a rs  n e a r ly  b lack . In  op en  s ta n d s ,  so lid  b lack , n a rro w  
sh a d o w s  c a s t  on  l ig h t -h u e d  se d g e s  a n d  h e ath s a re  c o n sp ic u ­
ous. C o m p a re d  to  w h ite  sp ruce , tre e s  a re  u n even  in h e igh t  
a n d  u su a lly  sp a rse .

Felt leaf 
w illow

D e n se  y o u n g  s t a n d s  reg iste r  n e a r ly  so lid , ligh t  g ray , b u t  
o ld e r s t a n d s  w ith  fa ir ly  op en  c a n o p ie s  have  a  m e d iu m -gra y ,  
p e b b le -g ra in  pattern. In  m a r sh e s  a n d  m u sk e g s,  th e  in d iv id ­
ual ligh t-g ra y ,  rou n d e d  w illo w  c lu m p s  a re  read ily  identified .

M o u n ta in
a ld e r

Be ca u se  a ld e r  is  n e a r ly  a lw a y s  o v e rtop p e d  by  a sso c ia te d  
sp e c ie s  in a re a s  g e n e ra lly  covered  b y  forests, it is o n ly  ra re ly  
that it can  be  iden tified . In  m u s k e g s  a n d  sw a m p y  s ite s  h a v ­
in g  little o r  no  tree  grow th , the  d a rk -g ra y ,  g lo b o se  c lu m p s  
are  read ily  d isce rn ib le . A ld e r  re g iste rs  c o n s id e ra b ly  d a rk e r  
than  w illow .

Q u a k in g
a sp e n

Y o u n g  a sp e n  s t a n d s  a p p e a r  m e d iu m  gray, d a rk e r  th a n  
A la s k a  b irch  b u t lig h te r  th a n  a lder. T h e  c a n o p y  is  q u ite  
dense, w ith  fe w  o p e n in g s .  Im m a tu re  s ta n d s  c a s t  op en , fe a th ­
ery sh a d o w s  th a t  a re  p y ra m id a l in sh ap e . O ld  s ta n d s  a re  
open, w ith  o n ly  50 p e rcen t o r  le s s  c row n  c losure . T h e  r o u n d ­
ed c row ns, u p  to 20 feet in  d iam e te r, have  a l ig h t -g ra y  tone. 
T h e  long, s le n d e r  b ra n c h le ss  t ru n k  c a s ts  a  rea d ily  re so lve d  
sh ad o w . F rom  lo w -f ly in g  a ircra ft, a y o u n g  sta n d  o f a sp e n  is  
identified  by  a  so lid  canopy, w h ich  is  m e d iu m  g reen  in color. 
T h e  e v e r-f lu tte r in g  le a v e s  a n d  s w a y in g  s le n d e r  b ra n c h le ts  
ca u se  a  b lu rre d  o r  fu zzy  texture . T h e  w h ite  b o le s  o f  o ld  
a sp e n  can  be m is ta k e n  fo r  A la s k a  b irch, but b ra n c h e s  u s u a l­
ly c lothe  b irch  t ru n k s  ov e r  o n e  h a lf  o f  the tota l he igh t.

T a m a ra c k
( la r c h )

T a m a ra c k  h a s  a fuzzy, ligh t-  to m e d iu m -g ra y  tone, w h ic h  is  
e a s ily  m is ta k e n  fo r  A la s k a  b irch. T a m a ra c k ,  how ever, c a s t s  
a le ss  d e n se  sh a d o w , w h ich  is  e ffused, feathery, a n d  m o re  
narrow  th a n  b irch. T h e  crow n  o f th is  sp e c ie s  is  ra re ly  ove r 15 
feet in d iam ete r, b u t m u lt ip le -b o le d  A la s k a  b irch  a re  f re ­
q u e n tly  d o u b le  th a t  size. D u r in g  th e  su m m e r  m on th s, t a m a ­
rack  a p p e a rs  m u c h  ligh te r in co lo r  than  o th e r c o n ife ro u s  
trees in A la s k a .

W h ite
sp ru c e

W h ite  sp ru c e  re g is te r s  a s  a d a rk  g r a y  to  b la ck  sp ire , w h ich  
c a sts  a so lid  b lack , n a rro w  tr ia n g u la r  sh ad ow . F rom  the  air, 
s lende r, u n ifo rm ly  sh a p e d  con ica l c ro w n s o f w h ite  sp ru c e  
are  re a d ily  iden tified . C o m p a re d  to  b la c k  sp ruce , s ta n d s  a re  
uneven  in h e igh t a n d  q u ite  dense .

T u n d ra

O n la rge  sc a le  p h o to g ra p h s,  sp a r s e  tu n d ra  on w e ll-d ra in e d  
s ite s  re g is te r s  a so lid , l ig h t -g ra y  tone. W e ll-d e ve lo p e d ,  
se d ge -h e a th  tu n d ra  on  p o o rly  d ra in e d  s ite s  h a s  fine, p e b b le ­
gra in ed , m e d iu m -g ra y  to b la c k  pattern.
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changes th a t  are  especially prom inent in vegeta­
tio n -p erm afro st relationships.

b. Effect of Surface Disturbances. D is­
tu rb an ces  to  the vegeta tion , such as burn ing and  
c learing , in regions of severe fro st do m uch m ore 
th an  in itia te  p la n t succession th a t  m ay culm inate 
in  the r e tu rn  of th e  orig inal type of stand. Be­
cause o f soil fro s t changes following disturbance, 
th e  affected su rface  and  the  local environm ent m ay 
be so g rea tly  modified th a t  entirely  different com­
m unities w ill occupy th e  site fo r unknow n periods. 
Land clearance has a beneficial influence on th e  
th e rm al regim e of th e  up per layers of soil d u ring  
th e  w arm  m onths o f the  year. Changes, however, 
in  the  w a te r  relations m ay resu lt and should be 
an tic ipa ted . D ue allow ance should be made fo r 
the  soil becom ing colder d u ring  w in ter.

C onstruc tion  on soil actively d istu rbed  by fro s t 
and  on soil w ith  perm afrost requires special 
s tab iliza tion  and  d ra inage  m easures. T reatm ent o f 
th e  vegeta l cover necessitates ca re fu l planning. 
P reservation  o f forests helps to p reven t a rise in 
the  w a te r  tab le , w hich  tends to  form  bogs and  
m arshes w hen u n d erla in  by perm afrost. Brush 
should be cleared  from  forests because i t  retains 
m oisture an d  hinders d ry ing  a ir from  reaching th e  
surface . L arge trees, on the o ther hand, re ta in  a 
considerable am ount o f m oisture around  th e ir  
roots; b u t  they  also tra n s fe r  a g rea t deal by  
tran sp ira tio n . T hey help, therefore, to  d ry  th e  
soil. A tten tio n  to  these considerations d u ring  
p lann ing  stages w ill pay  dividends bo th  d u rin g

construction  and  th ro u g h o u t the ensuing m ain­
tenance period.

2. A PPEARANCE IN  AERIAL P H O T O ­
GRAPHS. Table XB2-1 describes how  vegetation 
looks in aerial photographs.
XB2.03 ANIMALS AND INSECTS

The fa u n a  of the Cold Regions (bear, caribou, 
fox, w olf, dog, erm ine, du ck , p tarm igan , salmon, 
seal, and  sim ilar species). depends either d irectly  
or in d irec tly  on vegetal resources. The p rim ary  
in terest in fau n a  is in  term s of the  su rv iva l needs 
o f m an. Dogs and reindeer, how ever, are used as 
beasts of bu rden . R odent and insect life is a 
nuisance fac to r  and dem ands special a tten tio n  
from  persons w ork ing  in  the field.

1. RO DENTS. R ecently , in some com m unities, 
there  have been instances when rodents have been 
present in  large  enough num bers to  present sani­
ta tio n  problem s. O f p rim ary  im portance in this 
classification is the  N orw egian  ra t.

2. INSECTS. The b iting  pests in A laska are, in 
o rder of th e ir  im portance, mosquitoes, b lack flies, 
punkies o r  nosee-ums^ snipe flies, and horseflies 
(R ef. 108). G enerally , they are  d is tribu ted  
th ro u g h o u t the  A rc tic  and  Subarctic Regions, b u t 
in  differen t areas differen t species dom inate. The 
insects m ay cause m iserable living conditions fo r 
th e  in hab itan ts. T here are m any hours of sun­
shine d u rin g  the  sum m er m onths w hen insects are 
active.

Section 3. CL IM A TO LO G ICA L  SUMMARIES

Table XB3-1 gives w ea ther d a ta  fo r  A rctic and  
S ubarc tic  stations in  th e  N o rth  P olar Region. In  
m any instances, th e  in fo rm ation  has been gathered 
d u rin g  a v e ry  sho rt period; the reliab ility  of th e

figures, therefo re , m ust be questioned. Differences 
exist in some cases am ong the resu lts reported  be­
cause differen t times w ere used in accum ulating  
the da ta .

XB-9





T
A

BL
E 

XB
3-

1
W

e
a

th
e

r 
D

a
ta

 f
e

r 
A

rc
ti

c 
a

n
d

 S
u

b
a

rc
ti

c 
St

a
ti

o
n

s 
I R

ef
. 

6
a

 I

An
nu

al

69.8
2

75.8
0

58.6
1

13.0
4 sr x  CO csj os co ix oo pi os os oo co »—«

LO • LO IX CSJoo>0)inisoiididpsd
os pi sa- to 10 CD to CO os os os csi sa1 csi csj 2.64 11.

22 16.1
8

16.3
0 CD sr Pi CD COsr 10 to to pisr CO sr CM os co cm sr pi 25.6
0 tq to sr ci td td iq CO 00 CO COcsi os pi id sr OSidCM

sr 00 tq 00 td td co co • tq LO LO ST CSJto co to 06 LO OO CM CO OO csj X

De
c noocvio-tq 00 CSJ tD tDotiodtcd

rsooo)"»«—« CSJ Csj COto pi d d
oo co to —' co ST CSJ CO Csi to cd cd cd cd cd S iS R S Sd pi* d d d

co 1rs csj sa- 0  sa- csi csj d d p-i i
0  to 10 0  lo 00 sa; ph 10 in csi p-i co p-i d 2.40 0  CM os pi pi d p* csj iq 0  rx tqcsi pH * LO Pi Pid -o d d csj pi csj csj tq d d d d d 00 uo cq o d d

No
v COOO—«̂ i'qpHrHoqpodddtnd

co oo CO os CO CD LO LOid ^ o d
pHpHCOCO»S-OO CO O H i oo cd cd —» —î cd

pHcocvimoPSPiOOOCSId —î pi* d d
00 pi sa- 00CD to OS COd d p-i co

OOSsT OtOrooqinoq cô p-i sa- p-i pi 2.80 cq CSJ cq 010 os sr 0pi pi d pi pi 2.5 CSJ * |X CSJ CSJd • d  d d CM CO sr CO Xd d d d d os x  sr o d d

"cjO
m oocn to ■̂ ooincocn r^ d d ^ o

LT> ̂  °° j-H^ IS. i-H OO N pH r-i O
CD CD CO OS COoo x  sr csi pi ^ Px to PxPi -H rx. O pHi d o i o

OO LO CO IOCD OO OO sa; d  CD -1’ csi
0  CM pi G  0rxlOPxPHpHLO csi LO p-i Pi

CDCDCO LO OS pi cq Os pH csj csj 2.5 co '. os co cod • d d pi x  sr m x  xd d d d d CM os uoi d o
Se

pt fhooid(0 o  csj ossr lo d d d d i-J
00040 COsr sr ix oo LO csi t—* •—<

sr co co to co O) os co oo o docidpH 1.03 1.41 2.1
2 1.31 0.64 os to sa- pisa* C> CSJ pH. d 1  pH csi

CD LO rx CD to rx cq 00 ph cdCO CO LO p-i p1 CDrxcsi os sr rxpi csi pi to iq 0  iq 00 
~  csi pi csi pi 2.4 pi ! to co ! pi • pi d •

co
"co Au

g ^j-oomro cm o  t̂  o; in uo uo —• csi csi
CM CM CO O LO LO OSid CO csi O

OS X OS X to CSJ CSJ ip 1—* oo «om^fsos co in to sr na- p-i p-i Csj p̂  d
SJ- sj- CSJ CO OS Pi to G> pH csi P-i

0  pi sr 0  srr  p; rx sa phcsi co co d p-i 1.60 rx 00 sr csi pi csi OS rx Os Pi pH d csi d pi csi 2.0 tq pi cq os I pi sr csi d ♦ OO X LO X pHpi co pi pi co os to os d csi pi
CL‘cjCD
a .

.3-" ^ oo co co uS c> « csi
to cm sr cd 1© ̂  ̂  LO cd csj —« pi

LO oo os CO CO ip p-J OS CO 
p-H C) csi O —«

r— co lo os co ^ trs ŝ  os px. pi —co —d
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P H Y S IC A L  C O N S T A N T S
R eference

7r =  3.1415926536
€ =  2.7182818285 Ba se  of natural lo g a r ith m s
G =  (6.673 ±  0 .003) x  H H  c m V ( g m  se c 2) Grav ita tiona l c on stan t B
e =  (4.80288  ±  0.00021) x  1 0 " 1» esu Electronic ch arge A
e ' =  e /c =  (1.60207 ±  0.00007) x  10~2Oem u A

h =  (6.6252  ±  0.0005) x  10~27 e rg  sec P la n c k 's  constan t A
c =  (299792.9 ±  0 .8 ) k m / s e c Ve loc ity  of light A
m =  (9.1085  ±  0.0006) x  1 0 - 2» g m Electron rest m a s s A
m p =  1.007593 ±  0.000003 A M U (p h y s . ) Proton rest m a ss A
m H =  1.008142 ±  0.000003 A M U (p h y s . ) H ydrogen  atom  rest m a s s A

m„ =  1.008982 ±  0.000003 A M U (p h y s . ) Neutron  rest m a s s A
m a =  4.002775 ±  0.000015 A M U  . (p h y s . ) A lp h a  particle  rest m a s s D
m p/ m =  1836.13 ±  0.04 Ratio  : proton m a ss /e le c t ro n  m a s s A
e / m =  (5.27299 ±  0 .00016) x  1017 e s u /g m Spec ific  charge  of e lectron A
e /m c =  (1.75888 ±  0 .00005) x  107 e m u /g m A

h =  h / 2 x  =  (1.05444 ±  0 .00009) x  10‘ 27 erg sec U n it of a n g u la r  m o m e n tu m A
a =  27re2/ ( h c )  =  (7.29726 ±  0.00008) x  10"3 Fine structure c on sta n t A
a " ' =  hc/(27 re2)  =  137.0377 ±  0.0016 A
a 0 =  h2/ ( 47r2m e 2)  =  (5.29171 ±  0.00006) x  10~9 cm First Bohr ra d iu s A
X,., =  h / (2 irm c )  =  a0a =  (3.86150 ±  0.00009) x  10-11 cm C om p ton  w ave len gth  of the e lectron A

rc =  e2/ ( m c 2)  =  a Qa 2 =  (2.81784 ±  0.00010) x  10~13 cm C la ss ic a l ra d iu s  o f the  e lectron A
Mo =  h e / (47rm c) =  (0.92732 ±  0.00006) x  10“20 e r g / g a u s s B o h r m agneton A

K =  2tt2 m e4/ ( c h 3) =  109,737.309 ±  0.012 c m - ’ R yd b e rg  for in fin ite  m a ss A
N =  (6.02472 ±  0 .00036) x  1023 ( g m -m o l)-1 (p h y s . ) A v o g a d ro 's  n u m b e r A
l / N =  (1.65983 ±  0 .00010) x  10~24 g m (p h y s . ) A to m ic  m a ss  u n it ( A M U ) A

Ro =  (8.31662 ±  0 .00038) x  107 e r g / (g m -m o l ° C ) (p h y s . ) G a s  con stan t per m ol A
Ro =  1,545 f t - lb / ( lb -m o l °F)
k =  R 0/ N  =  (1.38042 ±  0.00010) x  10~16 e r g /d e g B o ltzm a n n 's  con stan t A
0°  K =  -2 7 3 .1 6 ° C  =  -4 5 9 .6 9 °  F A b so lu te  zero
F =  N e  =  (2.89360 ±  0 .00007) x  1014 e s u /g m -m o l (p h y s . ) F arad ay  con stan t A

F ' =  N e / c  =  (9652.01 ±  0 .2 5 )e m u /(g m -m o l) (p h y s . ) A
a =  27T6R oy ( 15c 2h 3N 4)  =  (5.6686 ± 0 . 0 0 0 5 )  x  10~6 e r g / (c m 2d e g 4se c) S te fa n -B o ltz m a n n  con sta n t A

T H E  G R E E K  A L P H A B E T P R O P E R T IE S  O F  T H E  S T A N D A R D  A T M O S P H E R E
(B a se d  on N A C A  T e ch n ica l N o te  No . 1428)

A
B

a
P

a lp h a
beta

P re ssu re V e loc ity
A lt itu d e

(ft)
o f so u n d  
( f t / s e c )

r
A

y
ô

g a m m a
delta (p s i) (c m  H g )

E € e p silon
0 14.696 76.000 1,117

Z
H
e
I

r
V
e

zeta
eta
theta

1,000
5,000

14.173
12.228

73.295
63.236

1,113
1,098

i iota 10,000 10.107 52.268 1,078
K K kap p a 15,000 8.2937 42.891 1,058

A X la m b d a 20,000 6.754 34.93 1,037
M M m u 25,000 5.453 28.20 1,017
N V

£
0

nu 30,000 4.365 22.57 995

O
XI
om icron 35,000 3.458 17.88 973

n
P

40,000 2.721 . 14.07 971
7T
P

pi
rho 50,000 1.682 8.698 971

X <T s igm a 60,000 1.048 5.420 971
T T tau 70,000 0.649 3.36 971
T V up silon 80,000 0.403 2.08 971
<t> 0 phi 90,000 0.250 1.29 971
X
*

X
0

chi
psi 100,000 0.156 0.807 971

ft
■

a) om ega 200,000 0.004615 0.02387 1,220
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1 degree  =  0.017453 rad ian
1 rad ian  =  57.29578 d e gre e s
1 m il =  t a n - 1 0.001 =  3.4377 m in u te s

Len g th  ( L )

1 cm  =  0.39370 in.
1 km  =  3,280.8  ft =  0.62137 m ile  =  0.53961 nautical mile*
1 in. =  2.540005 cm
1 ft =  30.48006 cm
1 m ile  =  1,760 yd  =  5,280 ft =  1.60935 km  
1 m eter =  0.5468 fa th om
1 nau tica l m ile  =  1.1516 m ile s  =  2,026.8 yd =  6,080.2 ft 

1 m icron  (/*) =  10~6 m  =  10~3 m m  =  104 A

1 A n g stro m  U n it  ( Â )  =  10-10 m  =  10~8 cm  
\ g/ X 8 =  1.002063 ±  0.000034 (co n ve rsion  factor from  S ie g b a h n

x -u n its  to m il lia n g s tr o m s )  Ref. A
1 s id e rea l ligh t  ye a r  =  9.46090 x  1012 km  =  5.8787 x  1012 m ile s  
1 parse c  =  30.82 x  1012 km  =  19.15 x  1012 m ile s =  3.258 light years

A re a  ( L 2)

1 c m 2 =  0.15500  in .2
1 in .2 =  6.4516258 c m 2
1 m ile 2 =  3 ,097,600  y d 2 =  2 ,589,998 m 2 =  640 acres  
1 c ircu la r  m il =  7.854 x  10~7 in .2 =  area o f circ le  0.001 inche s  

in d iam e te r
1 barn  =  1 x  1 0~ w  c m 2

V o lu m e  ( L 3)

l c m 3 =  0.061023 in .3
1 liter =  1,000.027 c m 3 =  1.056710 liq q t =  0.26417762 gal
1 in .3 =  16.387162 c m 3
1 ft3 =  7.481 ga l
1 liq  q t  =  946.333 m l
1 ga l =  3.7853 lite rs =  231.00 in . 3
v o lu m e /m o l o f  idea l g a s  ( S T P )  =  (22.4207 ±  0.0006) x  103 c m 3

T im e  ( T )

1 m ean  so la r  d a y  =  1,440 m in  =  86,400 sec  
1 c a le n d a r  year =  8,760 hr =  525,600 m in  =  31,536,000 sec  
1 sid e re a l ye a r  =  365.256 d a y s

V e lo c ity  ( L / T )

1 m i / h r '  =  1.4667 f t / s e c  =  0 .86836  kn ots  
60 m i / h r  =  88 f t / s e c  
1 knot =  1.1516 m i / h r

M a s s  ( M )

1 gm  =  15.4324 g ra in s  
1 k g  =  35.273957 oz  a v d p  =  2.2046223 lb a v d p  
1 oz a v d p  =  28.349527 g m  =  437.5  g ra in s  
1 lb a v d p  =  453.59243 g m  =  16 oz a v d p

D e n s ity  ( M / L 3)

1 g m / c m 3 =  0.03613 lb / in . 3 =  62.43 lb / f t 3 =  1,000 k g / m 3 

Force  ( M L / T 2)

1 new ton =  10* d y n e s  =  0.22481 lb  
K g m / m  =  lb / l in  ft

1 g m / c m 2 =  0.014223 lb / in . 2 
1 bar =  1.000 x  106 d y n e s / c m 2 
1 d y n e / c m 2 =  1.4504 x  10- 6  lb / in . 2 =  0.1 n e w to n /m 2 
1 lb / in . 2 =  2.3066 ft o f H 20  (39.1° F ) =  2.0360 in. H g (32° F)
1 a tm osp h ere  =  1.01325 b ars =  1,033.2 g m / c m 2 =  1.0332 x  104 k g / m 2 

=  14.696 lb / in . 2 =  760 m m  H g ( 0 ° C )
=  29.921 in. H g  (0° C )  =  33.904 ft H 20  (0° C )

W ork  an d  e n e rgy  ( M L 2/ T 2)

1 e rg  =  1 d y n e -c m  =  1 x  10~7 jou le
=  2.3901 x  10~8 defined  ca lorie  

1 defined ca lorie  =  4.1833 in ternationa l jou le s  
=  4.1840 a b so lu te  jou le s

1 ab so lu te  jou le  =  1 new to n -m e te r =  107 e rg s  
=  0.23901 defined  ca lorie s  
=  2.778 x  10~7 k ilow att-h ou r  
=  3.725 x  10~7 ho rsep o w er-h ou r  

1 Btu  =  252 ca lo r ie s =  1,055 jo u le s  =  778 ft-lb  
1 ca lorie  =  3.9683 Btu
1 h o rsep o w er-h ou r =  1.98 x  106 f t- lb  =  2,545 Btu =  0.7457 k w -h r
1 electron vo lt =  (1.60207 ±  0 .00007) x  10~12 erg, Ref. A
W ave le n gth  a sso c ia te d  w ith  1 ev =  (12,397.8  ± 0 .5 ) x  10~8 cm , Ref. A  
W a ve  n u m b e r  a sso c ia te d  w ith  1 ev =  8,065.98 ± 0.30 c m - 1 , Ref. A  
1 A M U  =  931.162 ±  0.024 M e v  (p h y s . ),  Ref. A  
1 g m  =  (5.60999 ±  0 .00025 ) x  1026 M e v , Ref. A

Pow er ( M L 2/ T 3)

1 hp =  550 f t - lb / s e c  =  745.70 w atts =  2,545 B tu /h r  
1 kw  =  1.341 hp  =  239 C a l/ s e c  =  3,413 B tu /h r  
U n d er sta n d a rd  con d itio n s, 60° F a n d  29.92 in. H g  

(U n iv e rs ity  o f N e b ra sk a  T racto r T e st  C o d es),

b h p c . =  corrected  b rake  h o rsep ow er  
b h p 0 =  o b se rve d  b rake  h o rsep o w er  
P 0 =  o b se rve d  b arom etric  p re ssu re  in in. Hg
P8 =  s ta n d a rd  b arom etric  p re ssu re  in in. Hg
T 0 =  o b se rve d  ab so lu te  tem peratu re  in °F 
Ts =  sta n d a rd  ab so lu te  tem p e ra tu re  in °F  
C orrected  belt h o rsep o w er =  0.85 x  b h p c 
Corrected  d ra w b a r  h o rse p o w e r  =  0.75 x  b h p c

Electricity  an d  m a g n e tism

1 am p e re  =  0.1 ab a m p e re  =  3 x  10® sta tam p ere  
1 oh m  =  10® a b o h m  =  1 /9  x  1 0~u sta toh m  
1 vo lt =  108 a b vo lt  =  1 /3 0 0  sta tvo lt  
1 cou lo m b  =  0.1 a b c o u lo m b  =  3 x  10® sta tco u lom b  
1 h e n ry  =  10® a b h e n ry  =  1 /9  x  1 0 - 11 sta th en ry  
1 fa rad  =  10~® ab fa ra d  =  9 x  1 0 "  sta tfa rad  
1 sta tv o lt  x  1 sta tc o u lo m b  =  1 erg  
1 a b vo lt  x  1 a b c o u lo m b  =  1 e rg
1 vo lt x  1 c o u lo m b  =  1 jou le
p e rm ittiv ity  in va c u u m  =  «« =  1 /3 6 tt x  10~® fa ra d /m e te r  
p e rm eab ility  in va c u u m  =  =  4 ît  x  10-7  h e n ry /m ete r

T h e  ab ove  con ve rsio n  facto rs are  a p p ro x im a te  on the a ssu m p tio n  that C, 
th e  ve loc ity  o f light, is  g ive n  by C  =  3 x  1010 c m /se c .  Stric tly , the n u m ­
b ers 3 an d  9 ab ov e  sh o u ld  be rep laced  by 2.99793 an d  8.98758 re sp ec ­
tive ly  in the ab ov e  fo rm u la e  an d  1 /3 0 0  sh o u ld  be rep laced  by  1 /299.793  
in  orde r to u se  th e  m ore  accu ra te  v a lu e  o f C  in the conversion  factors.

C O N V E R S IO N  F A C T O R S

A n g u la r  m e asu re P re ssu re  ( M / L T 2)
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COMPARISON BETWEEN 
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MISCELLANEOUS DATA

W ave le n gth  of red Cd line =  6,438.4696 A  (in  a ir, 1 a tm ., 15° C )

W ave le n gth  o f green H g 198 line =  5,460.7532 A  (in  a ir, 1 a tm ., 0°  C )

Acce le ration  due to grav ity  g  =  32.174 f t / s e c 2 =  980.665 c m / s e c 2 ( s ta n d a rd  va lu e )  

Ve loc ity  of so u n d  in dry a ir  =  331.36 m /s p c  =  1,087.1 f t / s e c  (0° C )

V e loc ity  o f  so u n d  in d istilled  H 20  =  1,404 m /se c  =  4,605 f t / s e c  (0° C )

D e n sity  o f H g  =  13.59509 g m / c m 3 (0° C )

D e n sity  of d ry  a ir =  0.001293 g m / c m 3 (0° C, 760 m m )

N o rm a l bo ilin g  po ints:
4.26° K  =  -2 6 8 .9 °  C

Ref. C

He
H 2 =  20.36° K  =  -2 5 2 .8 °  C
N 2 =  77.36° K = 
0 2 =  90.16° K  = 

C 0 2 =  194.65° K = 
H 20  =  373.16° K

-195.8°  
-183.0°  
-  78.5° 

100.0°

N o rm a l heat o f fusion  of H 20  =  79.71 (15° C  c a l) / g m

N o rm a l heat o f vaporization of H 20  =  539.55 (15° C  c a l ) / g m  (100° C )

1 curie  =  3.700 x  1010 d is in te g ra t io n s/se c

R E F E R E N C E S

A . L e a s t-S q u a re s  A d ju sted  V a lu e s  o f the A to m ic  C o n sta n ts— N o v e m b e r  1952. Sp ec ia l T e ch n ica l 
Report No. 1 Prepared  under Contract w ith the A to m ic  E n e rgy  C o m m is s io n .  J e sse  W . M .  
D u M o n d  an d  E. R ichard  Cohen. (T h e  precis ion  m e a su re s  qu o te d  on th is  chart from  Refe rence  A  
are  sta n d a rd  errors, a, a s  d is tin gu ish ed  from  "p r o b a b le  e r ro r s , "  P. E. : P. E. =  0.6745 <r. For 
a m ore  extensive  list of a tom ic  constan ts, together w ith  a th o ro u gh  d is c u ss io n  o f the entire  
p rob le m  of de term in ing  the va lu e s  an d  s ta n d a rd  e rro rs o f th e se  con sta n ts,  see  th is  exce llen t  
report or the abridged  version  w h ich a p p e a rs  in Rev s. M o d e rn  P h y s. 25, 691 and  709 (19 53 ).)

B . P. R. Heyl an d  P. Ch rzan ow sk i, J. Research  N B S  2 9 ,1  (1942 ).
C. Wrri. F. M e gg e rs  and  F. O. W estfa ll,  J. Research  N B S  44, 447 (1950).
D. P riva te  com m un ication  from  P ro fessor Je sse  W . M .  D u M o n d .

N O T E :  T h e  physica l sca le  of a tom ic  w e igh ts on w h ich  O 16 iso top e  of oxygen  h a s  by de fin ition  the  
exact w e ight 16 is  the one  u sed  th rou gh o u t th e se  tab le s.
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