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Theauthorsarebo th researcho f f l ce rs in the
N.R.C"r Dlv is ion of  Bul ld ing Research, worklng 1n the

Permafrost  Sect lon of  which l i { r .  Plhlalnen is the Head.

Both are graduate eivil englneers. Although !h.-y have

made extenslve l iberature surveys as a part of thelr
research, th ls is not ref leeted ln thelr  paper s ince so

lltt le is known about the exploratlon of permafrost.

Sorne rel-evant references appear at the end but t i,ese
were of  l i t t le ( i f  any) use- for  the lnvest igabion descr ibed

whieh lnclud.ed Some operatlons which may be deserlbed as
pioneer work.  The paper iS,  ln ef fect ,  a progress _report .
i t  1s hoped that i t -  wtt t  soon be fol lowed by more detat led
statements of further work.

R,  F .  Legget ,
D l rec to r .
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PREFACE

SoiI  and sl te invesblgat lons ln those areas of
$orthern Canada underlaln by perennially frozen ground
(permafrost)  have been general ly ei ther neglected or
disregarded" The omisslon of  th ls important englneer ing
phase in northern construct lon has been responsible for
many bullding fallures. Although many of bhe structures
1n Canada's North are relat lvely smaII ,  the lack of  s i te
lnvestigatlons 1s due malnly to lnsufficient knowledge and
exper ience of  sampl ing equlpment,  technlquesr &hd personnel .

In i t iat lng research on permafrost  and l ts assoclated
problerns,  the staf f  of  Dlv ls ion of  Bul ld lng Research of  the
National Researeh Couneil spent two surnmers complling fleld
lnformatlon on the performance of exlsting bulldlngs on
permafrost  (  I  ) .  A revlew of  theie data suggested the general
path for  the Dlv is ion's permafrost  researeh progra"tn" One of
the maln and most 'pressing responsibi l lby was the development
of soll sampllng technlques and equipment ln perrnafrost areas,

Durlng the wlnter of  1952-53, the Dj .v is lon was
lnformed that the Department of Resources and Development (now

.th.e Dgpgrtment of Northern Affalrs and Natlonal Resources )
tntended to construct a ben-room school and an elght-apartmentt f  teacheragett  aE Aklavlk,  N"W"T. Ll t t le factual  informat lon about
the Aklavlk soi ls was avai lable.  The construct lon of  these two
large struetures offered an exeeLlent opportunity to try out
exlstlng so1l sampllng teehniques and to ini-t iate the flrst of
the Dlv is lon's long-term observat ions on bhe ef fects of  bu1ld1ngs
on permafrost  condl t ions.  The Dlv1slon, therefore,  welcomed the
opportunlty of co-sponsorlng a program of permafrost lnvestlgatlons
Jointly wlth the Department of Nor[hern Affalrs and Natlonal
Resources "

Thls report contalns a record of the Aklavlk permafrost
lnvest lgat lons carr led out dur ing the summer of  1953. Ful l
detal ]s of  dr1l ]1ng ln permafrost , .and dr l r r lng oiFi i .curt les ln
partlcular, are lncluded in Part I since the equlpment and methods
used have not been geneFally reported in Canada. Most of the soil
testing results or summarles of these data are presented ln part II.
The effeet of the two large buildlngs on permafi"ost cond.lt1ons,
as- recorded by observatlons of thermocouple lnstallations under
selected polnts of  the structures,  wi l l  

-be 
reported at  some future

date .

Much of  the suceess of  the proJect was due to the
co-operation and interest of the Department of Northern Affalrs
and National Resources both ln Ottawa and Ak1avlk. The assistance
a1d help of S{r. R. R. Ross, Englneering and Archltectural Divlslon
of th ls Department at  Aklavlk,  ls  especlal ly noted" Flnal ly,  i t
is  a pleasure to reeord.  a l -so appreciat ion ol  t r re asslstanee
rendered by the personnel of the Deparbment ef Public trrlorks in
Akravik and Edmonton. Thelr help rlnged from supplylng forgotten
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bolts to tkre loan of thelr steam generator and was appneciated
ln a fashlon known only to those who work in these lsolated,
northern regions of Canada,

Appendix J is reproduced by k lnd permlsslon of  bhe
Acblng Director of the Snow, Ice and Permafrost Establishrnent
of  the U.S. Corps of  Englneers (SffnB) at  Wl lmebte,  I } l lnois,
wlth the staff of whlch the Dlvislon is prlvlleged to malntaln
elose and cordi-al  l ia lson 1n f le lds of  mutual  lnterest .
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PERMAFROST INVFSTIGATIONS. AT AKLAVIK: Iq53

(pnrr,r,rruc amu saltpr,rxc )

by  J "A .  P ih la inen  and  G ,Ho  Johns ton

INTRODUCTION

1o The Maclcenzle Rlver Delta and Aklavlk

Plore than one hundred mlles before emptying into
the Beaufort Sea, the Maclcenzie Rlver beglns to divlde lnto
a serles of ehannels that f lovr through 1ts deIta. Thls
delta is an area of low and flat topography, lnterlaced and
dlsseeted by numerous lesser ehannels and spotted with
thousands of stagnant lakes.

The town of Aklavik, nearly halfway down the delta
and on a western channel, 1s chlefly a centre for fur-trading,
government admlnlstratlon, and misslonary aetlvit les (see
Frontlspleee)" The mean annual temperature is I5oF" wlth a
July mean of 56op, The mean annual rainfall 1s 4 lnehes and
snowfall is approxlmately J feet.

At the beginnlng of the twentieth century, Fort
MacPherson was the maln post for the Maekenzie delta and the
Arct ie coast"  Herschel  Is land was the coasbal  whal ing centre,
but d1{ not have a t radlng pest unt l l  LgL6" In IgLz,  the
Hudsonr s Bay Company anA tfr-e Northwest Trading Company estab-
l lshed posts on opposi te s ldes of  the West Channelr  the
Northwest Tradlng Company on the present sLte of Aklavlk and
the Hudsonr s Bay Company- on Pokla}< Island., In I9L9, the
Angliean Ml,sslon was established, so the Hudsonfs Bay Company
moved across the channel to the present site. It 1s here that
the present town of Aklavlk has developed. Probably because of
the large mlsslons, (t ire Roman Catholic mlsslon was establlshed
in L926) coupled wlth the faet that  l t  ls  exeel lent  muskrat
eountry, Aklavtk has grown lnto the main eentre for the Northwest
Terni tor les,  Arct lc,  and coastal  areas,

The settlement is bullt on the j-nslde of a sharp bend
1n the West Channel. The houses are malnly strung out along the
river bank and d.own the one trmaintt street irfncfr runs inland (nfg. 1).
The main groups of bulldlngs are those of the misslons, Angltcan
and Roman Cathollc, Hudsonfs Bay Company, Royal. Canadian Mounted
Police, Royal Canadlan Slgnalsr and goverrunental admlnlstratlon
build5.ngs "

2, Locatlon and Scope of Investl-gations

The sib,'es of the proposed ten-room sehool and elght-apartment
teacherageare on the northern edge of  the sett lement (Flg.  1) .  As
1s the case for most of the town, the sltBs are low-lylng areas
wlth an organlc coverlng averaging 12 l"nches. Shoulder-htgh,
alder-wllIow thlcket covers both sltes but wll l be cleared before
construct lon beglns.
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These two wood- f rame st ructures,  the school  be ing
158 Uy 6O feet  and bhe teacherage fO5 by i9  feet ,  rq i l - I  be
constructed wi th  precut  members and wi l l  be suppor ted by
wooden p i les (ZO feet  in  ground.)  wi th  t4- inch min lmum but ts .
Spec l f l ca t l ons  ca l l ed  fo r  a  l 2 - i nch  moss  f i l l  unde r  the
bui ld ings wl th  an a i r -space between the top of  the moss and
the f loor  of  the bul ld ing.

F i f t een  bo reho les  were  d r i l l ed  a t  t he  p roposed  s i t es ,
three boreholes belng exploratory whl1e the remalning t iuelve
holes were for  thermocouple insta l la t ions.  At  each of  the
proposed s i tes,  three thermocoupre insta l la t lons were p laced '
under  the furnace room locat lon and under  the s l te  of  a  typ ica l
f l oo r  secb l -on .  The  l oca t i on ,  e leva t i on ,  and  o the r  de ta i l s  o f
bhese insfa l - la t ions are shown in  F ig.  2 .  A photograph of  the
ac tuaL  i ns ta l l a t l on  1s  shown  as  F lg .  3 .

PART ] SITE INVESTIGATIONS

3.  fn t roduc t i on

0bta in ing so11 samples of  perennla l ly  f rozen ground
vr l th  convent ional  hand methods is  d l f f icu l t  and at  t lmes
imposs ib le "  Because  o f  t he  rock - l i ke  res i s tance  o f  pe rma f ros t ,
l ts  f  i rs t  contact  r - isual ly  consbi tu tes refusal  for  hand augers.
I . f  some penetrat lon is  poss ib l -e"  i t  1s through bhe auger
scraping smal l  f lakes of  permafrosb.  Dr ive samplers,  such as
heavy-duty p lpe wi th  a cut t ing edge,  are at  t imes more ef fect ive
but  the mebhod 1s s low,  labor ious,  and unsure.  The d l f f icu l t les
of  obta in lng permafrost  samples have rest r ic ted mueh data on
northern soils to deScrlptlons of soi ls 1n the annually thawed
Layer; sol l  data on permafrost are vlntually non-exlstent.

The need for  por tab l -e power dr i l l ing equlpment  has been
real ized for  some t ime by Uni ted States agencies engaged on
permafrost  research.  One of  the f l rs t  developments in  th ls  f ie ld
v,ras mad'e by the Frank L. Honard Engineering Company for the U"S.
corps of  Engineers,  on the basls  of  the dr i r l ing exper lence in
Al -aska of  U.S.  Corps of  Bngineers,  th is  Company modl f ied one of
1ts  conerete samplers for  permafrost  dr i l l ing.  So encouraging
were the repor ts  of  i ts  f l rs t  t r ia ls  1n Alaska that  the Div is ion
purehased one of  these dr l l l ing unibs for  the use of  i ts
Permafrost  Research Stat ion.

The pr inc ip les of  dr i l l ing and obta in ing f rozen so1I
cores are s lmi lar  bo those of  d iamond dr i f l ing.  A povrer-d i r iven
rotat lng core barre l  wi th  a b i t  cuts  in to thre t rozen so i l ,
proCucing a cyt lndr ica l -  core.  The so i l  cut t ings are carr ied away
from the advancing edge of  the b i t  by wash water  under  pressure.
?his  rorash ivater  t raveLs down the lns ide of  the dr1I I  rods and then
up the s ldes of  the hoLe to the sur face wi t i r  the cutL ings.  The
frozen eore Is  re ta ined ins ide of  the core barre l .
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There are,  however,  many di f ferences in detai ]  and
technique between dr i l l lng in f rozzn so1l  and in rock.  ?he
greatest  d l f f icul ty ls Ehat of  bry lng to retaln bhe core in 1ts
frozen state.  The ice conbent of  f rozen solLs is above the
l iqu id  l1mi t  o f  the  so i l  in  a lmost  aL I  cases .  Thus ,  l f  the
core niel ts,  i t  turns lnto a so1l  s lurry and is val-ueless for
record purposes. This 1s but one di f f lcul ty of  dr i l l ing in
frozen so1l .  Others lv1l l -  be reporbed fo] lo lu ing the descr lpt lon
and operat ion of  the dr l l ]  r ig.

4 ,  Dr i ] r  R1A Deba i ls

Dri l l ing for  the Aklavik permafrost  invest igat ions
hras carr ied out vr l th a special ,  l ightweight dr i l l  r ig,  the
Coneore Type E5-48, manu'actured by the Frank L.  Howard
Engineer lng Company ( f ig.  4) .  The heavlest  component of  the
outflt vrelghs only 126 pounds wh11e bhe rtrhole rlg vrelghs
sl1ght1y more than 700 pounds (not lncluding accessor ies such
Es dr11l  rod,  and core barrel) .  The l lghtweight feature is
accompl lshed by the use of  aLuminum whenever posslble and 1s
coupled lv i th the fact  that  a l l  parts wi l l  pass through ogenlngs
2 feet square,  maklng the r ig easy to t ransport  by l ight
a i rc ra f t .

The Dri l l  Head,-  The dr l l - I  head rotates the dr i l l  rods
and cffi. 4). This unlt weighs about 75 pounds
wi th  the  dr i l l  chuek  a t tached.  f t  has  a  gear  ra t lo  o f  10  to  1 ,
al lovr ing a splndle speed. of  2BO to 360 r"p. f f i .  wl th the gasol lne
engine. The dr l I }  head engine is a Br lggs and Strat ton Moder 14,
s lng le -cy l inder ,  4 -cyc Ie ,  i -head,  a l r -coo led  bype ra ted  a t  I  h .p .
The gear case and cover of the dr1lI head are made of aluminum
aI1oy and the dr ive spindle and chuck have an lnside dlameter
suff ie lent  bo pass tr4rt  dr i l l  rod.  Thre dr i l l  is  fed lnto the v lork
with a hand erank through reduction gears in the dril l  head and
traveLs on the feed rock of  the coLumn.

Pump Un-lb. * The wash water pump is a 3/\-inch hemlngbone
gear pump with a bui l t - in pressure re1ief  valve and chain
dr iven by a 4-h.p.  Br iggs and Strabton gasol ine englne slmi lar
to  tha t  o f  the  dr i I l  head.  The pump is  ra ted  ab  1 .033 g .p 'm.
per 100 revoLut ions and wlth the engine in hlgh posl t ion,  bhe
pump turned at  1200 r .p,m. giv lng a discharge of  approxi-mately
12 g.p.m. The highest pressure developed by the punnp was bet ' ,veen
35 and 4O p"s . l .  a t  4  g .p .m.  d ischarge"  Wash waber  p ressure  and
d ischarge were  measured w i th  a  p ressure  gauge (0  100 p .s . i .
range) and a J/ [ - tnch water meter.

The wz'  h water reservoir  conslsted of  four 4l-ga11on
oi l  drums welded two together.  The IBO-ga1}on eapaci ty of  the
supply tanks was. found to be suffielent for the average Z5-fooE
hole.  A domest ie lvater J ine was always wibhin 500 feet of  the
dril l  r ig and an auxil iary pump was not requi-red.
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The Core Barrel.- The oore barrel used pras a Longyear L
Series Doub1e Tube Rol ler  Bear ing Swivel  Type, Size NX. A 5*foot
core barrel was used glvlng a 3-ineh diameter hole and a core
of 2 l"/B-tncrr dlameteF in the tnner eore barrel. The eore barrel
is constructed wlth one core tube inslde thre main eore barrel"
A roller bearlng swlvel head allows the outer tube with the blt
to rotate, wh1Ie the inner tube whlcn holds the core remalns
stationary. Wash water eomlng through the dril l  rods passes on
the outslde of the lnner tube, washes away the bit cuttlngs, and
passes up the hole on the outslde of the outer barre]. Thus the
core is proteeted from the meltlng effect of the v,lash water and is
retalned 1n the lnner tube by means of eore eatcher sprlngs. Hard
metal or scarball-oyn lnsert btts were used throughout the dr1l1lng
and a dlamond b1t was on hand ln case a boulder was eneountered.

lFp Drl l1 Rlg Shel ter . -  Ant letpat ing poor weather aE Aklavlk,
a wood-frame shelter, 14 by 11 feet was built on log sklds for the
drllL r1g" Apart from the dril l  r ig, the shelter eontalned work
benches, note tables,  arrd al l  of  the aeeessor les needed by the
proJect.  The shel ter  vras constructed on a stone-boat f ramework
constst ing of  two spruce logs,  14 lnches ln dlarneter and 16 feet
1ong, spaced 7 feet apart and tled together by four 4- ny 8-lnch
tlmber beams. The actual bu1ld1ng was 11 by 14 feet and 11 I/2
feet high with a peaked roof. Shiplabh slding eovered 2- by
 -ineh studs and a large door (S t/Z by 6 l/Z feet) was left in
the front to allow bulky equlpment to be moved tn or out easLly.
Supports at the rear on one slde held bhe water supply tanks on
the outside"

A note*keeplng table was built ln one eorner of the
sheltei and two naruow work benches 10 feet long were erected
along one vrall, one above the other, The top one was used for
eore sampllng and the lower one for extruding the cores from the
core barrel. The drilL rig base was bolted to the 2- by 4-inctr
plank floor ln such a way that the rlg could be leveIled by
adJustlng bolts rather than by Jaelrlng the whole bullding, Det'al1s
of the shelter are shown ln Fig" l"

A drilI r ig shelter accessory whlch was found most
useful  was a portable I rOOO-watt ,  110-vol t ,  5O-cycle generator"
Apart from oceaslonal use as a 1lght plantr the generator
suppl led power for  power tools,  e lectr lc speed f lash, and solder lng
thermoeouples "

5" Tne_Dr:LLI:l-ns Operatlon

Before a hole was started, the thrawed surfaee mater la l ,
mostly organic, was cleared from an area about two feet square
down to frozen ground. At Aklavik, this thawed depth varled in
July from I Eo 24 inehes. The drlII r ig shelter roras then
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centred over the cLeared area and the r ig level}ed, The
f i rst  few holes were cased with a 3-foot lengbh of  6- inch pipe
to  p revent  "s lumping"  aE the  top  o f  the  ho te .  f t  was  d i f f i cu l t ,
however,  to bond the caslng to the f rozen ground and the casing
proved to be more of  a nuisance than an aid to dr i l l ing.
Accordingly,  i - t  was not 1nstal led for  bhe remaining holes "

Pr ior  to dr i l l lng,  the wash water tanks were f i l led
and al l  engines, pLunps, and rotary parts were checked for
gasol lne,  o l l ,  and grease. After the core barrel  was careful ly
centred in the dr i l l  head chuek, ryash water c i reulat lon was
sbarted and dr l l l ing begun. Dr l l l ing fo l lowed for a fuLl  l - foot
increment unless pressLlre or water gauges shotored a stoppage of
wash water.  Dr l l l ing a 5-foot length took f rom 5 Lo 45 minutes,
the dr i lL was stopped, and wash v{ater was bypassed to the supply
tanks. Wlth the dril l  head swung out of lvay, the string was
pul led by hand with a bLock and tackle using plpe wrenches as
holdlng booIs.  The core barrel  was then dlsmant led and the inner
tube taken out.  Usual ly,  the core came out eas1ly f rom the inner
tube when the core netainer assembly was removed bub if some
thawlng of  the core had taken place, the core was extruded wlth
a hand-cranked gear-rack plston. Wh1le the core was being
descr lbed, recorded, and sampled, the core barrel-  parts were
cleaned and re-assembled for the next dr i1 l ! .ng lncremenb.

The rather detal led sampl ing and f le ld deser lpt lon
requirements l imi ted dr l l l ing to about 25 feet for  a ten-hour
day, Cont inuous dr l l l j -ng to complete a hole is recommended
slnce t lme can be l -ost  ln re*dr i l l ing through ice and slush in
a hole left even overnight. By no means should the string be
lef t  ln a hole for  a per lod of  b lme exceeding six hours.  In one
instance, the str ing was lef t  1n the hoLe overnlght at  the l2- foot
depth" It was only by thawlng the hole with steam that bhe
sbr lng was recovered"

Dril l ing and sampli-ng were carried out with a three-man
crew. For most efficlent opdratton, the crew should number
four -- two men on dr1ll ing and water supply and the remalning
two carry lng out sampl ing and f ie ld deser lpt ions,

5. Dri_I1ing Commenls

In general ,  the dr i l l  r ig funct toned wel l  exeept for
the pump unit" The lightwelght features of the rig are commended
even bhough on these partlcular lnvestlgations shipment was by
barge where welght was not a stgni f icant cost  faetor.  The use of
l ightweight al loys di& not af fect  the funct ion of  the r ig.  A
mlnor dlsadvantage of  the dr l l I  r1g was the short  9- foot mast
arrangement which al lowed only 5-foob puI ls.  A mast suf f ie lent ly
hlgh to aI lov, t  lo- foot  pul ls would have speed.ed dr i - } I ing operat ions.
At t imes, a power wlnch for pul l ing the sbr ing lvould have been
appreciated" Unless th ls accessory is avai lable as a l lghtweight
unl t  l ts  use 1s not neeessary for  th ls type of  dr l I l ing.
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The Dri l l  Head.-  No real  d i f f icul t les were exper ienced

lfith ff i or its engine and both performed rvel1.

Future minor lmprovements could inelucte a manual elutch for

the engine and L self centring chuek for the spindle head.

The Pr4mp_Unit . -  By far  the greabest di f f icul t ies arose

from ffi- p{:mp nn$, The shortcomings of the r+ash water system

wel.e ref lected by poor core recoveryo damage to core barrel '

s low penetrat ionl  
-and, 

in some cases, jammlng of  the eore

bar re l  in  the  hoLe.

water c i rculat ion in any type of  dr l l I1ng is important

and for dr i l l ing in permafrost ,  c lose control  of  wash water is

absoluteLy essei l t ia l - .  Too large a vol-ume of  water tends to melt

and wash away the core while too small a vol-ume is not sufficient

bo earry away Utt  cut t ings.  Pressure 1s also lmportant or the

cutt ing!  1 ' r1] i  c log up the sides of  bhe hole and wedge the core

barrel  so t ight ly- that  hand pul l ing is imposslble '

The biggest shortcomlng of theherrlngbone Sear pump

suppl i -ed was i ts*Iornl  pressure discharge..  The^largest dlseharge

prbssu"e that was rec-ord.ed was approxlmately l !  to 40 p"snl '

i t  1s  now bhought  tha t  p ressures  f rom 1O0 to  150.p .s . i .  a re

necessary.  f f re pUrnp capaciby was suff ie ient  aS 4 g.p.m. Were

general ly useA aira t f te b,r*p cou1d. have suppl led 12 S.P' f l .

Two instances rvhere wal,h water was the direct cause of

near ly halblng operat ions w111 l l lustrate the i -mportance of

nash water and i ts control .  In one hole,  wash water sbopped

circulat ing and sl lb ing occurred between the inner and outer

tubes" Ib toolr ff i ; Se:i""fr plpe wrenches to undo the core barrel,

wlth the result that the toci< irut on the roller bearing shafb and

the shaft  were sbr ipped of  their  threads. Forbunately,  i t -nas

possible to re-threaa t f re shafb and eont lnue operablons '  On

another occasion, poor wash water c l rcu1at ion alLowed si l t  to paelc

up the sldes of i;frb hole so tightly Ehat the core barrel acted

f iUe a plston. So t ight  was the cbre barrel-  in the hole that  a

6--nV-f 'O-:-ncf t  beam and twott t rack jaeksrt  were requlred to pry the

str ing f rom the ho1e.

For future dr l l l ing operat lons,  a domest le water supply

line may not be ava1lab1e. A porbable supply gymp,,w+th about

l - rOOO feet of  hose rs i l l  therefbre Oe needbd.-  The- 
o 'o i }  drum"

wate* supply reservoir 1s relatively heavy and bul-ky and so the

possibi l i ty-  of  uslng heavy canvas (br equivalent)  Uags of  300-ea11on

lapacity sfiould be 6xptorbO. The wash water ptuup for future

opbrat i6ns should have a capaci ty of ,about 10 g 'p 'm'  and be

cbpable of  exert ing pressur 'es up to 15O p"S"i .  Hlgh.pressure and

po;:- t tve dlsplaeement requirements seem to indicate EhaL a.

piston-type pump 1s needed, even though lightweight 1s not a

feature of this tYPe of PumP.
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The Core Barrel . -  Core recovery ranged from O to 1O0
per c@ approximately 6o per cent. Much of
the poor core recovery 1s at t r lbuted dlrect ly to the unsat ls-
factory wash water systems, The use of  the double tube rol ler
bear lng swivel  head barrel  wi l t  be eont lnued unt i l  some special
core barrel  for  permafrost  can be developed.

Two earbal loy bl ts were used for the ent i re dr i l l lng
pro jec t ,  1 .e .  a  to ta l  o f  approx imate ly  lOO fee t  1n  f rozen s i l t
and f lne sand. Both were 1n good condl t ion at  the end of  the
proiecL "  The extra heavy core retalner spr ings did not funct lon
very ef fect ively but the dl f f lcul ty may agaln be due to the wash
water sysbem that was used. Twisted core retalner spr lngs
frequently cherved and destroyed muckr eore. ttBurning 1n the corett
or dri l l ing the last 3 or 4 lnehes r^rith no r.rash waber and thereby
jamming the lower end of  the core baruet proved ef fect ive.
Thls mebhod, however,  was used only as a l -ast  resort  in order to
retaln core s ince posslble damage and freezing- ln of  the core
barrel-  were great.

The Drll l  Rig Sh.elber*- The driLl- rig shelter lvas found.
bo  be  these inves t iga t ions .  The po ten-
t la l lyhazardous fumes from the gasol ine engines can be el imina-
ted $r i th f lexible metal  hose from the engines to the outside.
For an extensive soi l  exploratory program, th is type of  dr i l l
r lg housing is recommended not onfy as a shel ter  but as storage
for the many aceessor ies.  Thus, dr i l l ing v ias never delayed by
poor weather and movlng to a new dr l t l  hole locat lon consumed
a mlnlmum of t ime.

For future large operat ions" th is relat ively permanent
type of  houslng vr i l l  be used" For more isolated invest igat ions,
where only manpower is avai lable for  a move, a tent  can provide
the needed shel ter .  Occasional  exploratory holes can be dr l I Ied
rvi th no shel ter .  f f  some dr i l l ing is to be done in f reezlng
vreather,  then some form of heated shelber must be pro- ided. for  the
convenience of  the crew and for water storage, In choosing a
heat lng uni t ,  possible toxlc and f l re hazards should be kept In
mlnd.

7.  Frozen Core Observat ions and Sampl ine

As ment loned prevlously,  core recovery ranged from O
to 1OO per cent but averaged 60 per cent,  Good or t 'selecb*t  cores
averaged 2 inches in diamefero average frozen core diameters
ranged from I t/Z to 2 inches and poor cores vrere either
completely thawed or had frozen port ions f rom t lZ to I  ineh in
diameter

Select  and average cores were removed easi ly f rom the
inner tube and usually felI out when the eore retainer rlng was
removed. Poor coreg, on the other hand, f i I led in and stuck to
bhe sides of  the lnner tube. I r r  these cases, the gear-rack
piston type extruder was used. Immedlately af ter  the core was
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removed from the barrel the recovered length of core was
measured and recorded. The actual  core eame out in pieces
from 3 to 30 inehes in length and was cut or separated into
one-foot incremenbs. These one-foot f rozen core port ions
were then indivldually split in half with a knlfe and hammer
with observat ions of  ice segregat lon and a f le ld descr ipt lon
of the soi l  recorded before the core melted. Representat lve
samples,  adequate for  the var lous neeessary soi l  tesbs, were
then taken and recorded.

I{uch of  the soi l  sampl ing technique was based on the
assumption that the form and extent of  ice segregat ion was
related to soi l  part lc le s ize.  Aceord. lng1y, changes in 1ce
segregat ion were considered as s igni f icant as v is ib ly dlseernibLe
changes 1n  so i l  par t i c les .  A f te r  some f ie ld  exper ienee,  th ls
assumption seemed reasonable s j .nee iee segregat ion seemed to
cl iminish as samples became more t 'sandyto" Thus, af ter  samples
from representat ive bypes of  1ce segregat ion had been taken'
only unusual forms or varlations of ice segregatlon were
sampled.

Subsequent testing proved that the assumptlon was nob
a l together  eor rec t ,  i .e , ,  the  fo rm and ex ten t  o f  i ce  segregat ion
ls  no t  so le1y  re la ted  to  so i l  par t i c le  s tze .  Dr .  H .  Na l<aya,
now wlth the Snow, Iee and Permafrost Research Establishmenb
of  the  U.S.  Corps  o f  Eng ineers ,  Wi lmet te ,  I11 ino ls ,  has  shown
1n experiments (trre report on whtch has yeb to be published)
that the slze and form of ice segregatlon 1s dependent on bofh
the part ic le s lze and the rate of  f reezing. Thus much of  the
lnformat ion col leeted gave data on ice contents but fa l led to
point  out  s lgni f icant di f ferences in the soi l  eonst i tuent of
permafrost  *  Future sarnpl lng wi l l  therefore be based on dlscer-
nible changes ln sol}s wh1le the form and extent of  ice segregat lon
vi i l l  be secondary,  a l though st i l l  pert inent.

'  
The t lme 1n which a f rozen sp11t core melts and bhus

obliterates ice segregation 1s very short and ranges from three
to f i fbeen minutes.  A conclse and comprehensive form of
rrshorthandr i  

ls  therefore neeessary for  eore deser ipt lon and.
ldent i f ieat lon.  Several  such cl-assi f icat lon systems exist  for
so1ls but only one, as far as known, has been proposed for the
ice phase of  permafrost .

Spll !eec$p!.i-gn,-- The soil constituents of permafrost
Were f f i t i f i edus ing theUn i f iedSo11sC1ass i f i -
cat lon (Appendix 3)"  Al though ib is beyond the scope of  th is
report  to descr ibe the c lassi f lcat ion system, some comments on
ibs  use  may be  o f  ln te res t .

B5'  far  the greatest  d i f f lcul t ies in uslng the Unif ied
So1ls Classi f icat lon arose in the major sol I  groqp designated
t 'organlc sol ls$" known more widely in Canada as "organic
terraint t .  The occurrence of  these deposibs ranged from bIack,
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hair l ine sbreaks to strata two-feet th lck.  The eomposl t ion
ranged from mlnute black specks or f lakes to mab-l lke
mixtures of  decomposed and undeeornposed vegetable rnatter.
Although the behavj-our of these various forms of organlc
terrain are not known, 1t i-s thought that some subdivislon
of th is major soi l  group is necessary to speed f le ld
observat ions.  For future invest igat ions,  the fo1lcw1ng
subdiv is lons of  organlc mater ia l  wi l l  be t r ied:

1,  St reaks hal r l lne streaks ar d traces of organi-c
the form of black bo dark

f lakes;
mater ia l  usual ly 1n
brown part lc les or

2. D_ecomposed -- predominantly decomposed organlc
mffin aarx brown partieres or f lakes wlth
random pieces of  twlgs and leaves;

3. Undrecomposed -- predominantly undecomposed organlc
maberlal  usual ly f ibrous or str lngy wi th branches,
twigs,  and leaves wlth random pockets or layers of
decomposed mater ia l ,

Ib is hoped to t ry out also in the f ie ld the
elassi f icat ion system for organie terraln suggested by
Dr .  N. t r ' I .  Radfor th  (Z)  .

Ice Descf i l l lgg.-  The Frozen Soir  C] assi f lcat ion system
or trrff i Engineers was used to deserlbe the ice
phase in permaf iost  samples (Appendix 3).  Thls systern div ldes
frozen soi ls into two broad groups on the basis of  lce
format ion:

( f )  Frozen soi ls in whlch the iee has not segregated
but cements,  bonds.,  or  f1] Is the volds bebween
the sol l -  part ic les;  and

( i f )  Frozen so1ls in which lce segregat ion in the form
of lenses, velns,  layers,  and dlkes takes place.

With only one f1eId season of  exper ience 1n uslng
the cLassl f icat ion system and for only a l iml ted number of
soi ls,  general  comments only wi l l  be recorded at  th is t ime.

The subdiv ls lon of  f rozen soi ls on the basis of
dlscernible iee segregat ion or bhe lack of  iL appears sat lsfae-
tory.  Deduct ions as to soiL type using thls basis are,  however,
quest ioned (see lbem 7, page T )  "  Sol l -s bhat do not general ly
have lce segregation, such as sandy gravels, and are vrell
bonded are t f rougnt of  as f tsui tablet t  or  "preferred" so1ls.
Frequently stringy and predomlnantly undecomposed organic
terrain has no dlseernible iee segregat ion and is also wel l
bonded (Append ix  1 ,  p ic tu re  781) .  Fur thermore ,  tes t  re lu l ts
shoured two slm1lar soj- ls (s i l ts  r . r ibh some f ine sand) wl th
dl f ferent ice phases one with ice segregat ion,  whi le the
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other was descr lbed as wel l  bonded (Appendix 1,  photographs

793 and /BB).  Thus for future invest igat lons,  Nhe classi f i -
cat ion system wi lL be used to descr ibe and ident i fy 1ce
condi t ions ln a f rozen sot l  but  inferences as to sol l -  type,
on the basis of  ice segregat ion,  wl l l  be made and used with
eaut ion .

The most f requent form of ice segregat ion observed
dur ing the Aklavik Invest lgat lons was the DE type (Appendix 1,
plctures 785, 786, 7BT, 788, 792 and. 795).  At  t imes, the
hor lzontal  ice segregat ion was so closely spaced that 1t  could
have been l i teral ly referred to as the DE type (Appendlx l ,
p icbure 785).  However Ehe DZ type was arblbrar l ly  assigng+.
to lndiv idual  and random ice dlkes (Appendj .x 1,  p lcture 78+).
Ice types termed D0, vrere conf lned mainly to eoat ings on twlgs
and branches and only in rare instances were the DX, or lndivi-
duaL erystals,  observed. For future invest igat lons the ice
phase i -n soi ls wi th ice segregat lon w111 be reported in essent ia l -
ly the same form as shown 1n Appendix 2. The only ad.dltion
( to  speed"descr ipb ion)  w i l l  be  to  subd lv lde  the  DE ice  type
lnto f lne,  medium, and large subsect lons on a s ize basls of
indiv ldual  ice layers.

Photographs.-  Photographs of  spl ib f rozen cores are a most
useful  supplement to f ie ld descr lpt ions.  Many t lmes on
revlewing soi l  best  daba and f ie ld descr ipt lons,  s lgnl f leant
informat ion on ice segregat ion is avai lable long af ter  the core
has melted or been discarded. At Aklavlk,  a camera outf i t ted
to photograph the mouths of  pat ients ( t t re personal  property of
Dr.  T.  i {unt"  Dental  Off lce,  Nat ional  Hea}th and Welfare Depart_ment)
r / ras used to photograph some frozen cores 1n c61our (see Fig.  6) .
The resul ts were se favourable (Appendix 1 contains pr ints of
these photographs) that  the Div is ion ls now developlng this type
of photography for future operations.

Soi l  Samples.-  In thts prel imi-nary stage of  permafrost
lnvest lgat ion,  only the relat lVely s imple c lassi f leat lon tests
were carr led ol l t .  Thus the samples obtained were used to carry
out moisture content,  uni t  weight or f le1d densi ty,  speel f ic
gravl ty,  grain-size distr lbut ion,  and Atterberg 11mit  determlnat lons.
The volume of  lce in f rozen cores was of ten more than the voLume
of  so1 l  o r  minera l  cons t i tuents  ( f ig ,  7 )  and hence sample  s izes
were d,etermined mainly 

t 'by eye" "

Moisture content samples hrere taken at  r ight  angles
to.  1ce segregat ion,  f rom the centre of  the core,  and t^rere
t /4 to r /2 lnch square by I  inch long (r l  to 3o grams),  The
sample was then placed in an aluminum t ln,  rurapped wlth
alumlnum foi l ,  and coated with "petrowax".  I f  some t ime elapsed
before the b1n was wrapped and sealed, condensat ion formed on
the t ln.  Accordingly,  the t lns were careful ly wiped before
seal ing.  I t  was noted that 'opetrowaxt '  w111 craek i f  appl ied
too hob or in th iek layers.  Dipping the aluminum.wrapped t lns
in pebrowax sl ight ly above the melt lng polnt  proved most
suecess fu l .
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Field denslty or unit, r^reighb samples were obtalned
from measured J"engths oi  selec!  ( tnat  ls ,  cbnstant diameter)
core,  The samplei  were 3- to 4- inch lengths of  2-1nch diameter
eore and welghed approxlmately 500 grarns. The average of at
least f ive measurements of length and dlameter were taken as
the true dtmensj .ons, These samples Were placed Ln glass jars

and sealed to prevent the loss of  molstureo

Samples for graln size, speclfic gravlty, and
Atterberg 1lmlt  determtnat ions were stored tn unsealed glass

Jars* Frozen bt ts of  core enough to f111 s sng*quart  Jar were
usual ly suf f lc lent  to carry out these tests"

Fleld Notes"-  The f le ld notebook contalned a record of
dr:.rrff iffand sampllng observations" Drl1l1ng data
included records of the d.epths at which drl1ling started and
ended, the length of core reeovery, and any slgniflcant changes
in amounts of wash water or equlpment diff iculties" So11 and
ice descr ipt lons were recorded for recovered lengths of  eore
using the U,S" Corps of  Engineers Frozen So11 Classl f ieat lon'
The fleld notes also contained reeords of where samples or
photographs were t?ken. Typleal notes from the fleld notebook
are shown in Fig.  U.

8" Thermoeouple Instal ]at ions

The Aklavik Permafrost lnvestlgatlon offered an
exeel len!  opportunl ty to in i t late the f l r l t  of  the Dlv is ionrs
long term proJects on the ef feets of  bui ld ings on permafrost"
Thermocouple installatlons were aecordingly made_at the two sltes
to measure soll temperatures at various Aepttis (f ' f g " 2) " At the _
site of the eieht-apartment teacherage, thermoeouples were plaeed

aE the o-,  1-  r -2 r fT-,  5,  T l /2- ,  10-,  L2 l l2- ,  L5*,  and 2o-foot
depths whLle. ab the ten-room school site, .soil temperat'qqes are
to be measured at t,he o- , 2 L/2-, 5- , T L/2-, 1o- , LZ L/2-, l-5-,
2O- o and 25-foot d.epths.

The thermoeouple lnstal-latlons were ruade ln the fleld"
Requlred lengths of thermocouple wlre were cut, taped together,
and slipped lnto flbre tublng. Rubberoid sealing compound was
then poured lnto'the tublng and. was also used as an outslde
eoatlirg for the tublng, T6e l/4-ineh a+d,518-inch fibre tubing
in 3*foot lengths were then ntelescoped" al" ternat€ly ' .  Jolnts
pin-conneeted with a nal l r  dnd taped wlth electr le lan's tape.
The lnstailatlons w111 be eompl-eted with eompensating juncttons

and swltches when the structures have been complebed, At the
present  t ime,  smal l  wooden boxes  pro tec t  the  leads  (n fg '  3 ) .

PART 1I - SOIL TE_1LIr.'rG_nESglE$

9 " General ,Summary of ,Ai<tr+vlk $gL,Ls

The so1l at Aklavlk to a; depth of 35 feet ls predoml-
nant ly a ser les of  strat i f led f lne sands, s l l ts ,  and organic
mater la l .  The complete absence of  coarser part lc les $ras remarkable;
not even a pebble was encountered 1n t ,he 16 dr l l Ied holes" Organic
materlal- ranged fron black, halrl lne streaks bo strata two feet
thiek and was composed of a heterogeneous mixture of decomposed
and part ly decomposed organle matter"  Plast ie
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soi ls such as lean clays were scaree and vrhen found were
usual ly assoclated with organlc deposi ts.  Ice segregat ion
1n the Aklavik f ine-grained sol ls consisted predomlnant ly of
hor lzontal  iee lenses ( fn th ickness from hair l ine to 3/4- inch)
although small and random vertieal 1ce formations i lrere aLso
observed.

Gra in -s ize  D is t r ibu t lon" -  As  wou ld  be  expec ted  fo r  a  de l ta
region, the grain-size dlstr lbut lons for  the samples bested
(numbering 95) faff between narrow llmits and almost all graln
s izes  are  be low the  No.  6O s ieve  s ize .  The l im l ts  o f  g ra ln -s ize
distr ibut lon,  representat ive samples,  and t l :e f requency rv i th
wh ich  bhey  oecur red  are  shown ln  F lg .  g ,  So i l s  in  the  s i l t  s ize
occur most f requent ly and the absence of  even medlum or coarse
sand s ize  par t i c les  1s  no tab le .

l4_oisture_or-" Igej_pg$gl tE.._- General ly,  the form of the ice
1n the  Ak lav ik  so j - l s  observed was o f  two types ;

(a) iee rrrhlc i r  bonclcd.  indiv idual-  part ic les but was not
always discernlble to the unaided €Xer and

(b)  1ce  wh lch  segregated  or  fo rmed layers ,  Lenses ,  and
dlkes in s lze f rom halr l ine to 5/B- indn thick.

Photographs and descr lpt ions of  typlcal  cores,  to l l lustrate the
many types of  ice oeeurrences, are sholr ln 1n Appendlx l - .

The mois tu re ,  o r  more  cor rec t ly  t t i ce"o  eontenLs  (p" t
cent  o f  water  o r  l ce  to  d ry  so i l  on  a  we igh t  bas ls )  p lo t ted  a t
sample depbhs are shown l -n Fig" 10. These data have been
analysed by sbat, isbical  methods and detal ls are glven in
Append ix  2 .

I t  has been found th6t for  the f i rst  10 feeb at  Aklavlk,
the moisture content var ies l lnearty wi th depth or,

y  =  LTZ, I I  -  LA .35x

where y is the molsture content in per eent aE x,  the depth of
the sample f rom the ground surface, i r i  feet"  The correlat lon
rali-c." however, for bhis regresslon is low and so it should be
used or i ly  as an .rpproximat ion.  Had more samples been obtained
in th is intervalr  no doubt a higher degree polynomial  would have
g lven ts t ronger t t  

cor re la t ion .

I t  is  interest lng to nofe Lhat moisture contents at
depths greater than 1O feet are I 's tat ist ical ly"  constant at  54
per  eent  (p ie .  10) .  Th is  depbh is  too  1o l . r  to  be  the  l im i t  o f
year ly thaw and refreeze but could be the depth ab whlch year ly
t  enperature ef fecbs are no longer fe l t  or  ref lected by ice
format ions  in  the  so i l - .
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The  poss ib l l i t y  o f  co r re la t i ng  mo is tu re  con ten ts

r,r l th clepth uri l l -  be explored further 1n f,uture years since

the ice content  ls  usual ly  o f  much more s ign i f lcant  va lue than

the  conso l l da t ton  cha rac te r i s t i cs  o f  a  t t ozen  so i l  1n  se t t l emeRt

s tud ies .

Uni t  i ' ie ights . -  The mass arrd dry  r r re ights  of  Some typ ica l

AttavFSEE shown 1n Tabl-e I.  The mass unit welght ls bhe

welght  per  un lb vo lume of  a  so i l  .Famplg in  i ts  natura l  s tate '

whi fe  the dry unl t  weight  is  the 
r rdr l -edrr  

weight  per  un i t  o f

or ig ina l  vo lume.  The samples for  thesr  deberminat lons were f ie td

meaiured lengths of  se lect  f rozen core whlch were sealed and

shipped bo N6rman h le l ]s  for  welghing in  the 
t ' i - Ia tura l t 'and n 'oven-

d r l ed "  s t a tes .

The  resu l - t s ,  ave rag ing  92  In . /n .3  and  52  ta . /n .3  fo r

the mass and"  dry  unl t  welghts  respect ivety ,  are genera l ly  Iow.

Fo r  examp le ,  t yp i ca l  un i t  we igh t  va lues  fo r  . t haqed ,  l oose '

uni fo t -m sanci  in- the natura l  s tate is  p0 Ib , / fE.J  1n the dry s tate

and  t l 8  I b . / fE ,J  i n  t he  sa tu ra ted  s ta te .  On ly  one  samp le  (A815-12 ,

Table I  )  even approaehes these va lues.

The low unit weight val-ues are thought to be explalned

by the expansion due to  f rde z ing of  water ,  the h igh "moisture"  or

" ice"  contenbs,  and the presences of  bu lky but  l ight - in-weight
organic  mater ia l .  Unfor tunate ly ,  the number of  samples is  smal l - .

A l ihough the ef fects  of  ice and organic  mater ia l -  are real lzed,  the

magni tude of  the ef fect  must  be le f t  for  fu ture lnvesf igat ion.

TABLE 1

Uni- t  Wetghts of  Some Aklavik Sol1s

Sarnple So11  Desc r ipb i -on

AB15-r2
ABI-7

ABI-23

AB1-22

AB6-2

ABl-g

AB3-3

Auo-o

AB3-B*

6o

4c

8z

R zv t

117

1 4 . )

Average

l+lass Unit
!Ieight
Lb/f t r

116

96

BB

9o

BB

Br

BB

Sandy si l t
Si l t  wi th t race of

flne sand and
some clay

SiI t  wi th organic
mater ia l

S i l t  and  s t ra t i f ied
organic material

Organic mater la l
w i th  s i l t

Si l t  wi th c lay and
organic mater ia l

S1 l t  and s t ra t i f ied
organlc materlal-

Silt vrlth sorne fine
sand

Sl l t y  sand w i th
organic materlal

oJ

6z

v A
( v

r l r

J J

5 l

47

I r n' + [

l t  r
T.L

52 92
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Plas f ie  So i l s  a t  Ak lav ik " -  P las t ic  so11s  were  scarce  a t
Atciav Table 2 were al-l- that were encoun-
tered. Average values for the l lquid and plast le 11mits were
38. -O anc l  28 .J l -per  cent ,  wh l le  the  p ias t l c ' .Ly  lndex  averaged
9.b  per  cenb.  I t  i s  in te res t ing  to  no te  tha t  a l l  o f  the  na tura l
mo ls tu re  conten ts  a re  i -n  exeess  o f  the  l iqu id  l im i te  i .eoe
al though the soi l  has a sol id form rohen frozen, i t  is  t ransformed
into a " l iquic l t t  or  "s lurryt t  i f  the contained i . later me1ts.

Qrggqig_Qontents . - Present, me'
eontents ln soils are based on a rr,r,
content r-s def ined as a rat lo of  t l
mater ia l  bo bhe weight of  incombus'
a percentage" Eince the di f ferenc,
mater ia l  and mineral  part lc les ls :
as percentages are low, Furthermore, s ignl f icant v isual  d i f ferences
in organic contents are not ref lected proport ionabely in the resul ts
o f  o rgan ic  conten t  tes ts .

These two points are i l lustrated wel l  by test  resul ts
shown in Table 3. The organie content,s of the nine test samples
average 11 .6  per  cent  and range f rom 8 .4  to  19 .1  per  eent .  An
organic content of  8.4 per cent v,ras found in a s i l t , r  one foot
from the ground surface v,rhere organic material was suspected but
r{as not discernible vislbfy" On the other hand gn organj-e content
test on what was thought to be practlcally ttpurett organic material
gave a  tes t  resu l t  o f  1p .1  per  cenb or  an  inerease o f  on ly  10 .7
per cent.  Accordingly,  extensive sa^mpl ing for  organic content
tests was nob earyied out because of  the quest lonable value of  bhe
data 1n this form.

TABLE 2

Atterberg Llmits of  Some Aklavik So1ls

ABl-5
AB3-5
a n l r  ^ ^

AIJ+-cJ

AB5-10
A 5 O - )

AiJO- r
AB6-20
ABL?-26
ABlS-21

6c .ti

123"1
48 .6
h q R
^ a  l r' J L . +

56 .5
55.O

+U . I
36"8 27 "5 g "3
33.2  25  "6  7  ,6

Llquld
Llmtt

e6

39 "8
37 "3
37 "9
39 .o
39 "4aQ tl

40"4

Sample
Number

Natural-
Molstr.lre
Content

PLast lc
Llmit
_fi_

28 .g
26 "g
32 "A
29 "L
26 "9
A A  N

1 ) ; c
6 n r y
l j . l

Plast ic l ty
Index

%

10 "9
10"4
5"9
9"9

L2.5
9.6

10.7

38.o 28,4 9 . Q
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TABLE 3

Organi_c Contents of Some Aklavik So1]s

Organlc
Samp1e Conbent Fleld Descr ipt ion of  Organlc Mater la l
No . and Parent Materlal

ABl-12 19.1 Mlxture of f lakey and strlngy dark brown
to black organic material well bonded wlth
Llse but no readl ly discernible ice segregablon.
Smal1 pockets or lenses of  s i l t  wl th halr l ine
to t / r6-rneh ice segregat ion.

ABl-15"3 15.7 l {a l r l lne to I /4- tnch sbrat i f led organic
mater la l  and sl l t .

ABI- IB J,2,4 Halr l lne strabl f lcat ions of  s i l t  and. organlc
mater la l - .

AB2-}Oa 10.9 Si l t  wl th black braces of  organlc mater la l
and some small twigs.

ABl-14.5 9.9 St l t  wl t t r  cLay and some hairLlne strata of
black organic mater ia l"

ABl-25 9.9 Si l t  wl th halr l ine to 1/B-fnch strata of
organlc mater la l .

ABl-22 9,8 Si l t  wl th hair l lne strata of  organle mater la l .

ABl-7 8.6 s1l t  wl th halr l i .ne strata of  organle mater la l .

AB2-1 8.4 Si l t ,  one foob from ground surface.,  r ro organlc
mater la l  d lscernlble v is ib ly.

10 .  Cone lus ion

This report  records the f l rst  at tempts of  the Div ls lon of
Bul ld ing Research in the development of  s i te invest lgat lon techni-
ques and equipmenb in permafros! areas. The Dlvlslon is aware that
much of  the lnformat ion is deser lpt lve but ear ly publ lcat ion was
prompted by the present increased interesb and work in the North.
Ib : is  a lso hoped that soi l  data for  the Aklavi-k region vr1l I  contr lbute
to a vtider knowledge of northern soils. Cominent,s on fhe report,
espeeial ly on dr l l1 ing and sampl ing methods, vr i l l  be iselcomed.
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Flg. 3 Thermocouple lnstallatlons at the pnoposed teacherage
sLte. The organlc cover averages L2 lncheg and the
area bas been cleared of should.er-hlgh alder ull low
thlcket.  Thermocouple lnstal lat long AT3, 4,  and 5
are under a t ; rp lcal  f loor sect lon whl le lT6, 7,  and
I ere loeated-under the furnecc !oo&r

DBR TechnLcal Paper No. 16



4  F T .  A L U M I N U M  M A S T

T L O C K  &  T A C K L E  F O R  H A N D

P U L L I N O  O F  S T R I N C

W A T E R  S W I V E L

DR lLL  HEAD

! .  8  H . P .  B R I C G S  &  S T R A T T O N

A I R  C O O L E D  G A g O L I N E  E N G I N E

z .  GEA R  Box  (  ro :  r )

g .  cHucK (eesses  "A"  RoDs)

1 .  H A N D  F E E D  C R A N K .

W A S H  W A T E R

H O S E .

L I F T I N G

P  L U O

C O  L U  M N

C O L L A R

L  E V  E L L I N

s cRE rvg

FIGURE 4

5  F T .  C O L U M N  W I T H  F E E D  R A C K .

PUM P UN tT  (  Cnnrru  DRIVE  )

I .  4  H . P .  B R I O € g  I  S T R A T T O N

A I R  C O O L E D  G A 9 0 L I N E  E N G I N E .
2 t

2 .  
- / +  -  r N C H  H E R R T N G B O N E

G E A R  P U M P .  ( r a  O e U , )

u,*,uU

A L U M I N U M  B A S €

CONCORE TYPE E 5 -  4 8  O S P E C J A L I '

,...P,. ll-ctr. ?^Pae- u. ]G

E A .  ' 7 +t t . z . 1 4

PORTA BL  E CORE CUTT ING MACHINE
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{1g. 6 The canera assembly that  was used to photognaph
frozen coreso The cem€ra ls a contax wlth foun- supplemen-
tany lenses equlvarent to Por.tra lo. The mlnroned- rrght
sourpco ls a Porel l  Repeater Flesh wlth a l / ] -5oo s6c. f rght
dunat lon and the lens openlng used was fzz ' .  The unl t  r ;
th9 _pensonal  pnoperty of  Dn. T.  Hunt,  Nat lonal  Heal th and
Welfano Depantment.

DBR Technlcal Papen l{o. 16



Flg. 7 The vanlous types of so11 samples ere shown
ready fon shlpment. Tho sealed tln and Jan ln fnont
wene used fon molstune and organlc contentg.  The
sealed Jar on the lef t  contalns a unl t  welght saqPle
whlLe the unsealed glass Jan was used fon specl f lc
gnav l ty ,  gna ln  s lze-d ls t r lbu t lon ,  and At te rbe lg  l ln l t
tests.  Note large volune of  waten 1n unsealed
g lass  ja r .

DBR Technlca l  Paper  No.15
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l s t  Core

rloFEiIQJ{s--Atu5

HoIe  s tan ted  1 t  -  B r f  be low  g round

sur face  a t  t op  o f  f rozen  so l I .

l s t  Foo t  Organ lc  ma te r la l  r . r l t h  some l s t  Co re  f rom 1 r  -  B l f  t o  6 t  -  7n

s l i t ,  tw lgs ,  and  roo ts .  l ce  l+B t t  co re  recove ry '

lenses DE fnom hal r l ine to

3/ !6" '

2nd Foot  O -  z t t  f rozen wood,  c lear

! .ce seParat l -ng mass ln to
st r lng i l  wood f lbnes and lce.

Zt t  6n -  S l l t  r^ r i th  much orga-  mols tune content  sarnple

n l c  ma te r la l  o f  tw lgs ,  e t c .

Tce seEref la t ion DZ f rom ha1r1 lne

to  3h6" .  f ce  < l i kes  DZ  have

columna st ructure 6r t  -  12r t  as
above but  more s l I t .

3nd Foot  0 -  6 t t  brown s l I t  w i th  much-  
lar :ge DE ice s .egnegat l -on f rom

halr l ine to  l / l f  lnch -

t ce  segnega t lon

[ th  Foot  o -  l /2"  -  c lean lce -  no

st ructure
r /zu -  12rr  l lght  brown s i l t

w l th  DE f i ne  i ce  seg rega t l on .

F lg .  B  -  Typ l ca l  no tes  f ron  the  f l e ld  1og .

Fteld Densl ty Sarnple 5 t / tOn * 2" /

L / l+ "  ave rage  l a rge  i ce  seg r6ga-  mo is tu re  con ten t  sanp le  (  a )  i  l pue i f l e
t l onDE 

e  
iG rav i tY

6" - -  12 "  as  above  bu t  L rE  f i ne  no i s tu re  con ten t  samp le  (b )  i .Samp le
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APPE]'ID]X 1

PHOTOGRAPHS AND DESCRIPTIONS OF
TYPICAL FROZEI$ COP,3S



L-2

Scale

1-lnob wlth
15 Dtvls lons

Sample
Depth
I feet

Plctune No. 781

Core Descr lpt lon

Onganic materl-aI, stnlngy and flbnous wlth partly
deconposed twigs up to 3,/B lnch ln dlemeten and pockets of
slIt. Ice bonds flbrous onganlc materlal unlformly aLthough
random lrregulir ice segreg6tlon also noted. Molslune conEent
2L4.

DBR Technlcal papen No. f6



L-3

Sca le

l- lnch wlth
15 Dlvls lons

Sample
Depth
11 feet

Plctune No. 78h

Core DescnLptl.on

Greylsh bnown sllt wlth some clay and flne sand.
Random pockets of organlc matenlal. (Note twlg I/h-lnch
dlameten at  bot tom .of  photograph).  fce segregat lon lnregular
wlth hainllne to 3/8-1nch. Ice dlkes or velns nandom spaced
(some darkened ln above photograph).

DBR Techarlcal Papen Noo 16



ScaIe

1- lnch  w l th
16 Dlvls lons

I-4

Sample
Depth

h f t .  5 lnchee

Plctune No. 785

Core Descnlpt lon

Grey sllt wlth some flne sand and clay. Ice segregatlon
lrnegulan from halrl lne to 3h6-tnch. fee segnlgatlon ln-loien
half of photognaph darkened to shon for.rn and extent. Molsture
content LOW.

DBR Technlcal Paper No. 16
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Sca le

1-1nch wlth
15 Dlvls ions

Plcture No. 786

Sarnple
Depth

f t .  6 lnches

Cone Descnlpt lon

L!.ght bnown slIt wlth flne gand. Ice segregatlon
fnon hahl lne to 3/L6- lnch ( top r lght) .  Note eone-melt lng at
both edges. Molstune content 124.

16DBR Technlcal Paper No.



Scale

1- lnch wlth
15 Dlvls lons

Core Descr lpt lon

Ice  lenses
wlth theln lncluslon

PLctune Noo 787

avenaglng l/!- lneh
s  o f  s l l t .

1-5

Sample
Depth
7 feet

but es lange as 5/8-hcfr

DBR Teclrnlcal papen No. 16
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Soele

l- lnch with
16 

'Dtvtslone

Semple
Depth
I  iae t

Pleturc l{o. 788

Cone Descr lpt ion

tlght bnown sllt wlth flne sand. fce segnegatl.on
pnedonlnantly horlzontal end avenaglng halnllne 1n s.lze. Top
of core photogr:aph wtth lce segnegitlon averegl4g J'/16-Ineh.-
i lolstune content ln halnllne lce segregat ton 14fr.

DtsR Technlcal Papen No. 16



Scalc

l- lnch r l th
15 Dlvls lons

Sample
Depth
11  fee t

Plctune }{o. 792

Conc Descnlpt lon

Light bnorn slIt wlth
lce segregat lon.  Also note lcc
of photograph.

f lne sand and olay. Ealnl lne
sunnoundlng snall- twlg ln centrs

DBR Techntcal Paper No. L6



ScaIe

I- lnch wlth
L6 Dlvls long

Plctune No. 793

Sample
Depth
13 fec t

Core Descr lpt lon

Llght brown sllt wlth sorne flne sand and clay. Verry
nandom halnllne lce segregatlon but pncdorrlnantly partlcles nell
bonded wlth lco. Molstune content 53fr,

DBR Technleal Paper No. 16



Scale

l - lnch wl th
15 Dlv is lons

1-10

SampIe
Depth

16 f t .  6  lnches

Cone Desanlptlon

Llght bnown
and negulanly spaced
I+7ft.

Pictune No. 795

sandy s l l t  w l th
at appnoxlmately

halr l lne lce segnegatlon
1/8-lnch. Molsturne content

DBR Technlcal PaPer No. 16
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APPENDIX 2

A Note on the Stat ist ical  Analysls of  Aklavlk
Moisture Contents wl th DePth

After the Aklavlk molsture contents were plotbed at
their  respect i -ve depths,  v lsual  examinat i -on suggested some
regression correlat lon,  Uslng al l  of  the data for  depths f rom
zeio to 28 feet,  successlve Er la ls for  the best f i t t ing second
and thlrd. d.egree polynomlals d,id not shorlr slgniflcan_t eorrelatlon
for  a  5  per  cent  levbr  o f  s lgn i f i cance (seeraUte , lo f th ls  Append ix ) .

Regresslon coruelatlon for the fourth degree polynomial

appeared to 6e a tlme-consuming task and so it was declded to
subdlvlde the data arbltrarl ly on the basls of depth. The large
moisture eontents and sample varianees in approxtmately the first
ten feet and the relatlvely constant moisture eontenbs in the
remainlng 18 feet suggested a convenient subdivlslon and these
results were analysed separately. It should be noted. that thls
subdlvlsion was qufte arbltrary but It ls thought justlf iable slnce

many englneering works, such as roads' dLtches, Sewer and water
lines, are mainly 1n the first 10 feet whiLe ordlnarlly only
foundatlons extend to the deeper depths"

uslng molsture eontent data f rom the f l rst  10 feet,
the statistical frypobhesls that the true regresslon is a straight

l1ne of  the equat lon

y=  L72 .11  -  I2 "35x

where y is the moisture content as a per cent and x is the depth
in  feeb,  was  accepted  fo r  a  !  pen cent  1eve l  o f  s ign l f leance (see

Table 1 of  th ls Abpendix) .  The lorv eorrelat ion rat lo should be
nobed and hence thls equat ion should be used with caut lon.

From Table 1, lb ean be seen Ehat regresslon correlatlon
for moisture eontents at  depths f rom 11 to 28 feet is not s lgnl f i -
eant for  a 5 per cent level  of  s igni f lcance. Aceordlngly '  the
molsture cont-ent can be assumed to Ue !4 per cent for  th is s lgni f i -
canee leve l "
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TABLE 1

SUI''IMARY OF STATISTTCAL A}{ALYSES;
AKLAVIK MO]STURE CONTEI{TS l,fIT}I DEPTH

a
Sourrce

DATA

Straisht  L lne

Betr,'leen Columns
Due to Regresslon
Deviablon from Regr.
Wlthin Columns

fotaLs

Parabola

Betrveen Columns

Pue to Regression
rJeviat ion f rom Regr.
Wlthln Columns

Tota ls

Degrees of  Sums of  Mean
Freedom Squares Squares

FROM O 28 FEET

ftemarKs

27
I

25

178,  Blg
7 5 ,235

ra3 ,582

rZB,  Bt9
L f /'

l _ 5 I ,  + O O

47,353

6,622
65,733
t ,Bg4

25L

Pe = 0.62
,L2 = o.B!

6,622 p? = 0.36
751235 t ' 1=0"85

3,9u4
t q l
1 J '12^ 3L,3?O

L5z 2IO,r3g

27
2

25
taq 31,320
L5Z 210,139

DATA

Stralght Line

Between Columns
Due to Regression
Deviat ion f rom Regr"
Within Columns

Totals

FROMO- lOFEET '

0 " J69x
0.486

DATA FROM 11 - 28 FEET

9 '296
35,111

Beti.,'reen Columns
It{ithin Columns

TotaIs

- t ' 7
* l

8z
546.8 (546.8 not
5oB .9 (F08,3-

s lgni f icant
f91 i ' ; '  : '  0. 05

no regresslon
cor re la t ion  poss ib le
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TNVESTIGATION OF DESCRIPTION
CLASSTFICATION, AND STRENGTH

PROPERTIES OF FROZEN SOTLS
FISCAL YEAR 1951

APPENDIX A: METHODS 0F DE,SCRIBING
AND CLASSIFYING FROZEN SOILS

L]ST OF PLATES

PLATE NO" DESCRTPTION

Al f l lustrat lons of  Termlnology Used or Proposed
by Others to Ident i fy Character lst lc Structural
Classl f icat lons or Dlv ls lons of  Soi ls Produced
by Freezlng Phenomena

AZ A PreLlmlnary Non-Genet lc Classl f lcat lon and
Descr lpt ion System for Frozen Sol ls

A3 Department of the Army Uniform Soil Classlflcatlon
System

A4 ll lustratlve Bxample of the Use of the Frozen
So11 CLassi f icat lon System 1n Typlcal  Explorat lon
Log
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APPENDIX A

I'{ETHODS OF DESCRIBING AND CLASSIFYING FROZEN SOILS

Exist lng types of  e lassl f leat lon schemes for f rozen,
so1ls are malnly structuraL elasslflsations sueh as those
shown on Plate A1. Here the prlnclpal strata are ldentif led as
hPermafrostF, nFrost zonett, tt-Actlve- Zonesr etc" Thls type of
system provldes no way of descrlblng the appearance and physlcal
propertles upon whlch depend the engineerlng behavlour characterls-
tlcs of the materlals ln the frozen state arld the changes whlch
the materlals undergo upon thawlng. Also if one wlshes to descrlbe
and classtfy a speelmen of soll frozen ln the laboratory, the
termlnology shown on Plate AI ls entlrely lnappllcable* A system
ls therefore needed whlch l"s lndependent of the geologic hlstory
or mode of orlgln of the materlal and which can be easlly expanded
or contracted ln order to cover as much or as l ltt1e deta11 as
des l red .

A prellmlnary classlflcatlon and deserlptlon systern for
froaen sol1s whlch attempts to rneet these needs ls shown on
Plate 42. As lndleated 1n Part  I  on th ls Plate,  1t  ls  proposed
that the solL phase be ldenttf led tndependently of any cha"nacterls-
tics resultlng from the frozen condltlon of the materlal, uslng the
Department of the Army Uniform So1ls Classlflcatlon System, The
baslc elements of the latter system are indtcated on Plate A3, The
soll characterlstics nesultlng from the frozen state of the materlal
may be then added to the so1l descrlptlon ln aceordance wlth the
organlzatlonal system shown tn Pa"nt fI of P1ate A2, MaJor lce
st'rata found ln the solL may be descrlbed as shown ln Part III of
PLate A2.

Referrlng to Column 2, Part II of Plate A2, the slmple
and elementary adJectives ttfrozentt and ttunfrozenrf should be used
as applleable 1n any logs of explorations in frozen so1l reglons.

As shown in Column 3 of Plate A2, frozen solls may be
dlvlded Lnto two maJor groups -- homogeneous and heterogeneous
frozen solls. In homogeneous frozen so1ls the lee phase is
unlformly dlspersed bhrough the sol1 and no appreclable concentratlons
of 1ee have been formed ln the freezlng proeess whlch are dlstln-
guishable to the eyer Heterogeneous frozen sollsr or1 the other
hand, show dlstlnct lee concentratlons, At present tt 1s belleved
it may be sufflclent to dlvtde homogeneous frazen solIs lnto only
two maLn types: (a) weLl-bonded frozen soils ln whleh the 1ce
eements the materlaL lnto a hard, sotr1d mass, and (U) poorly-bonded
to frlable materlals ln whieh the 1ce only weakly eements the
particles together. The heterogeneous frozen sol1s have been dlvlded
lnto four prlnelpal sub-groups on the basls of the form ln whlch
the iee eoncentratl"ons wlthln the solI mass appean" These four
pr inclpal  ice forms ares (a) strat l f ied 1ce Lenses or layers,
(b )  i r regu la r ly  o r len ta ted  lenses ,  ve lnso  e tc . ,  (c )  eoat lngs  o f  l ce
on lndivtdual partlcLes" and (a) lndlvldual lce crystals wlthin the
so l l  mass .
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In addl t lon to the sol l  name, wl th the descr lpt lve
adJectlves as lndlcated ln Columns 2 and 4 of Plate 42, further
deseriptlve terms may be added where appllcable, as lndlcabed
1n Column 6 of P1ate A2, eoverlng such features as thlcl<ness,
or lentat ion and spaclng of  1ce lensesr €tc.  When greater detai l
and more speelflc lnformation than is obtalnable from vlsual
lnspect ion is deslred, physlcal  tests and measurements may be
performed on the frozen so1I as lndleated in Column 7 of  P1abe. A2,
and the resultlng data may be added to the previous descrlptlve
informatlon to glve a eomplete pleture of the oharacteristlcs
of the frozen soil. Plate A4 shows an example of the use of the
frozen sol l t  c lassl f lcat lon systen outLlned on Plate A2 as appl led
in preparatlon of the log of a subsurfaee exploratlon. ff tempera-
ture, density and other measured data were obtainede they would
be added after the approprlate descrlptlons on Plate A4.

The adjectlve descrlpti ' ;:n systern shown in Part III on
Plate A2 1s based on a prel i -mlnary 1ce classi f ieat ion system
proposed by the Frost Effects Laboratory ln trFlnal Report on
Development of fce Fleehanlcs Test Klt for Hydrographlc Office,
U"  S .  Navy"  da ted  March  I95O.

The Letter sSrmbols shown ln Column 5 of P1abe A2 are
lntended for convenience ln preparlng graphic logs of explorations
or geologlc profi les and may be added to the Department of the Army
Uniform Soj.l Classificatlon Syslem strrmbols in the manner shown at
the bottom of P1ate A2 or on Plate 44, However the word descrlptlon
system ls the fundamental feature.of the classiflcatlon systeril
proposedr srrd the temptatlon to regard the letter deslgnations as
other than a subsldiary part of the system should be resisted,

It ls not expected or intended that all the detall and
descriptlve materlal outl lned on Plate A2 should always be shown,
fn much slmple englneerlng work only the most fundamenbal detalls
need be recorded, In many sclent l f le studies,  on the other hand,
very detalled records may be neeessary,

The proposed classificatlon system will undoubtedly requlre
modiflcatlons in the future in order to fit requlrements not now
foreseen. I t  ls  reeommended 1t  be t r led ln etassl f icat ion and
descrlptlon of soils in fleld exploratlons 1n permafrost areas and
ln seasonal frost areas, and ln laboratory studles. The sooner any
needed modlfieatlons are determlned, the better, sinee frozen soll
data are rapldly accumulating and adequate ldentlf icatlon of the
matertals involved 1s essenttal in order that the results of dlfferent
lnvestlgatj-ons may be correlated wlth eaeh other,
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PLAIE AI

ILLUSTRATTOI{S OF IERT,IITOLOGY USED OR

PROPOSED BY OTIIERS TO IDEIITIFY CHARAC1ERISTIC

STRUCTUNAT CIASSIFICATIO}IS OR DIVISIOTS

OF SOTLS PRODI'CED BY FREEZTNG PHENOTETA

Ffost  Ef fccts Laboratory,  Not England Dlv ls lonr corps of  EnSlnecrs,  I t 's '  Arny '  Boston'  Mass' Junc 195I

a

Arca! of OnIY

S6ason6l  host  Act lon

Aroas of P€rman€ntly Frozen Ground

Tenms as Def lned by Permafrost  D1v161on,
St.  Paul ,  corps of  Englne€r8,  U.S.  Arny ( I )  or
ui  m"r fJ i  tn Strategi i  Engln6ertng study No. 6 l
( 2 ) .

To!.m! Suggested by Klrk Bryan (3)

FROZE ZONE FPOST
ZONE ACT\VE

I zo^lE

FROST TABLE

I sraucruPE sotLs aND /
I OTHER SURFACE FORMS

I
lilOLLf SOL SUPPAT

INTER6ELISOL
L PER6ELISOL TABLE

'ELI9OL

PERELETOK
PERMAFFIOST TAbLE

PER,PERMAFPOsT GELI90L

-l
TALIK

I
TAEETISOL

I
SUEGEL tgL

ELjgSlg !e a generel
tcrE used ln rcfcrcacc
to fr3€zlng of Eotstur€
1n natsrlaLc ard thc re-
sul.tant sffactr on thcs€
[Bterleb and rtructutr€!
of rhlch theJr ar€ e patt.

Frson Zons ls the rangc of d€pth
vlthln rrblch the soLl ls frozcn.
The frozen uorp Dalr be bourded
both top and bottoD by udroz.n
soll.

pErI|Irrcxs.

@frgCg 
- Pernamntly frozcn subsur:face mterl.al

no,t, ubJect to scasonal frcczlng and tharlng.(l)

Actlys Zonc - Thc entiF laycr of ground above th.

upper surfeco of the pemalrost leycr, loet of rhlch

freeuer and thar! evct? year.(I)

Fr6t zon€ - lte top layer of BTol[d subJcct to sseaonal

fraezlng end tharlru. l{hcre seasonal frcorlng penc-

tratco to th€ uper snrfeco of the petuafrost Iay€r, thc

fiost zons end actlve aonc ele ldcnttcal.(I)

Frost Table - A noro or less lrrcgular surfece that
F6pres€nts th€ p.netratlon of sprLng snd rr@r theylng
of thc seasonal frozan ground.(2)

Petlefrost Table - A norG or lccc lrrcguJaF sufaco
rh-$fr reprcsentr i,he upper llrlt, of peirefroet.(2)

Percletok - A frozen layer at th€ base of aetlw
Iayer if,lch rcnalns untharrd for one or tvo cumers.(2)

Igl!! - A Rwaian tcrn for a la;or of urfror€n Fowtd
b€treen the scssonal frozan grormd end th€ petrafrort.

AIso appllea to an rufror€n layer wlthln th. perEafrolt

rs rell es to th€ unflozon grcrrud beDaath tho
permafrmt. (2)

Pcrrallgol - Psr.Dan nt\y or pcrcrmlall; frozea
grourd. Sane as np€mafroottt.(3)

Uolllsol - Scasonal\ tbawed groud ebwc tlre
pererusol.(3)

Interrellsol - A layer of frozcn gronnd b.ty€an
the pergellsol ard tbe nol11sol, vhlch Eay
parslrt for onc or lscveral yeera. Ssue at
'tperc1etokil. (3)

Tabetieol - Unfrozen growd abotr ylthin
tho pergclLaol. SaEo ac itallk".(3)

Perrellsol Table - ?op of perger{aol. Sau ea
np€mafrost tablet.(3)

Suprareligol - Zons ebwc thc pcrge[col.(3)

Subrellsol - Zottc ol unfrozan grotlrd bslox
p€r-"ffiiy frqen grourd.(3) 

-

or bclor

Souccr of ternlnologr snd Deflnltlonr:

(1) Pcrnafrost DlvleLon, St. Peul-Dfutrt9t, Colpc ol Engln!r€!!, U. S. A!qr, nCouprehcnglve Rcport, Investlgetlon ofxllltaw constructlon tn Arcttc aud subarctlc rcelom rgtZlaS', pncpai{d t;'ofii;;-ri irt!-qti"r or uni:.n-ei,-
Alrfiold! Branch, Englneorlng Dlvlalon, ltlltta4r-Conatructtonr-.Iimc'Ig59 inestilctedt: 

-- '--

(2) llulter, .slenon lih. nPernefrost or pcrrenrntlt Frozcn Grornd entt Retstcd gngLnecrlng hoblenrr, u. s. c€orogl.csl
qlTvgy, spcclal Rcportr_stratcglc F.nglnecrr.g study ilo. 62, Prcparcd for Milltary riterrrfnec'orvtton, 0riicc,
Chlef o! &rglncerc, Ir. s. tury, 194i: n€prffu by i. t{. fAiarac, Inc., Ann A$or; Uletrld;, itL?.

(3) B-rVanr-Klrk, ncryop€dolo$r - Tlre Study of Froasn Groud ard Intenalvc Froet-Actlon yith Suggsrtlon! oa
lf@€ncleturarr, Amrlcen Journal of ScLencc, V9L. )\4, L946, W. 6n-6i2.
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PLA1E A2

A PRELI}IINART NON-CENETIC CLASSIFICATION AND-IEqCRIPTION SISTEM FOR FROZEI{ SOru
Fr6t Effcct! IibqatorT, Nq Englard Dlvlslon, CfFs ot Engln@r., U. S. Atqr, B@ton, Xesr.

Clesslfy Soll Pbua bJr the Depart@trt of the Arqi Unifom Soit Classlflcetlon SfEt.E (Ss ptltc A3).

Materlsls whlch MaY bc Measwd bY

Physlcal Tests to suPpl'@rtt Fl€ld

PBOZEN

or

UilTROZEII

ally aII gravelly ard sandy aolls whlch con-

less than )N ot gca!re by il61ght flner then

m. Ln dlMeter ero not 5Ec€ptlbLe to

lc€ s€gregatlon* slthln the sol'l DdE

18, Ttey thorefd. udwlly occr 4 H@-

Frozen So118. In rEmfro.t arcas lce

or oth€r lco bodlsg By be fdnd tlthln

6olls, but 1! te considered thelr nodo of

n By be dlffeFnt. Flner-graln€d colle By

bo b@8lncoEly fr@cn lJ lEuf flclent

sturo 1g avallable to petult I'c€ sc8reSatlon'

I{O ICE
sEcnEcarI0N

In-Plec€ Tetrperatu€

DcFity ard Vold natlo

a. In Froz6n Stat€

b. After lh$lng tn

PLac€

water content (total Hro,

thcludhg ice)

a, Av€lat!

b. Disttlbutlon

StFnSth

e. ConrasEl-E

b, Terol lc

c. Sh€ar

d. Adfruu lng

ElaEtlc Prpcrtles

Pl8ltlc hoperllB

Therul Prop.rtl€!

fcc CrTltal Structw€
(wln€ optlcal lEtn-
[ert ! )  .

s. orlentatlon of Ares
b, Cr.JEtal Slzc
c. Crystrl Sheps

d, Pattorn ol Anqgc-

n€E

P@RII BOI{DED
to

ERIABIA

Identll:r by vlrEl ilinlBtlon

Ststc dagrc of tca

BtL stlt sd clay solls and SravcllJr erd

eo-l& wnich contair @rc tt€n 3 p€r cent of

r flsr than o-o2 m. ln dteat€r by *clght

gEcrptlble to @cErenco of lcc aegFgation

ln tbo soll @s and th€rsfoF occu e!

FMen 3o11E lf frozon et no@l'

sith Eter readl\y avellable.

Thorc aolb hava besn clssslfled lnto ths

tolllotng 4 Foups !l6t.d lr ord€r ol incFaring

rwcsptlbi-llty to l,@ EetFgatlon erd d€gr6€ o!

rcakcnlnS drlng tha*lngr

9es44g
crevslLy lolb cfltalnlnt bctwn 3 and

20 p€r ccnt flrer ths o,O2 @. by relght,

Serds contslnhg b€treon 3 ard I5 p€r

c6r!t llrer thu 0.02 M. by relght.

(8) GravoUy soll€ contalnlnB ndc than

20 p€r ccnt fher than O.O2 u. by rclght

anC cands, ercopt fl$ sllty 6etdrr con-

tainlng nor€ than 15 pcr clnt fhor than

0.02 m. by relght. (b) CIay! vltb

plartlcity lrdicrs of [or than 12'

€rc6trrt varod claF.

(a) u.t stlts lncludlnt cmdy sllts.
(b) Flm luty Eard6 contelnln8 rcre

th6n 15 Fr csnt, ffur then O.O2 E. bY
reight. (c) lde cLaF ylth.pl88ttctty

lldlceg of lesr ths ]2. (d) VsF"d

l o

q € 9

" i  I

E €  g t

q  E +  g

E O  O

@ q & o

INREGUI.AELI OR.IENIE
I-EEE; VEIXS; BTC.

Identify by vlsBL osnlrutla

For lco f@tloE, recqd
fotltrllu qq appllcsblcr

@at10n
Orlentatlon

Thlcknc.s
Length

Spsctrg

Ealdrogr "l

Stnctw F p€r pert III.
colc J uclry

COATITES OII
PARTICIES

o

Idontlty by ytlwl cEdnatlon
For- Lco torotloE, rscot{
rou@uSrqr appuallg,:

Idontlfy by .tsuaf er-rir.Uq

F-or lcc folstiom, record
f ort*alnans--Q,]&elle'

SLzc

Shape

Pattcrn of Amengrn.rt

ata Dterlal er EE end Ee delcrlptlvo
4 folld., un'r]y qe ltcn trou each

#corcffis cor*ffirnn
SOFT CLOI'DI GNAI SILT INCLUSIOIIS.

of mss, POBOITS &m (eunptc) .
qt ln- CANDI.ED (druplao)
l*ldul GRANULAR

O A

o l  o o
o t  D d

H t  d !

$bdas i
H I  ' I  A A A

o t  d  a o
g t  o  o 4

o t  o E a

The d€Bcrlptiv€ roE of th€ irozcn solI type ud a cdplete descrlption of ths
frozcn Bterlal aE th€ fundwntel €IeDgnts of th16 cleislficatlon sch€@.
Addlt,loDl descrlptlv€ data ehould bc add€d sherc nccegE6ry. The lqttcr el'rDols
arc antlrely gecordery end N lntend€d on\r for cow€Dlscr ln prsp€rlDg grephl-

cal p.€sentetloB. S1rc6 lt ie freq@ntv inprectlcel to descrLb€ lcc tometLore
in frozen Folls by reare of xordg a1on6, akctche€ ard ph(toSraphr dhould bc u€d
rherc apprcprlats, to suppl@trt drscrlptloE.

lce dulng th€ frezirg pro@ss, host cmonly

as lce leroeg c layen clotrtcd nomBl to the

dlrectlon of h€at l,@s, but abo a9 velE and

M€seo havlng othsr pattcrB.

Identtfy by vleuL exaElrutlon

5@ aa Part II ebdg,
so far sg appllcabl€,
rlth sF€clal rhpheri!
on Icc Crystal Stnctw,
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Depantment of the Arny
Unlform Sol1 Classl f lcat lon Systen
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LL .d Pl d "Yh. f"

q . 7 7, EIEIEUd b pl..& rr{..
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TYPICAL f,'ELL GRADED AND POORLY GRADED SOILS

Plate Al

Depantment of the Army
Unlfonn So11 Cl.asslflaatlon System

DBR Technlca1 Paper 16
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ILLUSTRATIVE EXAMPI.,E OF THE USE OF

THE FROZEN SOIL CLASSIFICATION SYSTEM

c

o

IN IYPICAL E]GLORATION LOG

Surface E1evat lon 963.2 FE"*7

, well.-gr meo1um compae
molst, unfrozen.

Brown, well-graded SANDY GRAVEL' fnozent
no lce segregatlon, negllglble thln 1ce filrn on
gravel slzes and wlthln larger voldsr poorly
bonded, low degree of lce saturatlon.

4.9

6-

IO -

L2-

15,, a
€t

e , 4

6P

Brown, well-graded SANDY
segregatlon, well bondedt
saturatlon.

GRAVELT fnozent no loe
hlgh degree of lce

ICE, hard, sllghtly
soattered lncluslons

cnbudy, coJ-orlessr few
of sllty sand,

Dark brown PEAT,
weLl bonded, hlgh

segnegatlon,
saturatlon.

frozen,
degree

no lce
of lee

Llght brown SILT, frozen", lrreg.uIarly orlented
lce lenses and layers I/4 to 3/4 lnch thtck on
random pattern gnld approx. 3 to 4 lnch spaclng.
Iee = 10!16 of totaL volume. Ice lenses moderately
softn porous, gray-whlte.MIT-A

Dz/

Exploratlon

13.8
PLATE A4


