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PERMAFROST STUDIES AT THE KELSEY

HYDRO-ELECTRIC GENERATING STATION

- RESEARCH AND INSTRUMENTATION -

by

G. H. .fohnston

I .  O INTRODUCTION

The Kelsey Generat ing Stat ion of Manitoba Hydro is located
in  Nor thern  Man i tob"  (s6"0z tN,  96"3r tE)  4  rn i les  ups t rearn  f ro rn  sp l i t
Lake on the Nelson River and about 4?5 rni les north of Winnipeg (Figure 1).
A l4-rni le spur l ine connects the si te with the Hudsotr Bay Rai lway at Pi t

s iding (rni le 256 frorn The Pas).  r t  was constructed to supply power to
the International Nickel Cornpany of Canada, Lirnited at Thornpson, Manitoba,
approxirnately 53 rni les to the southwest.  The hydro-electr ic plant is
situated at a site on the river, forrnerly known as Grand Rapid, where a
drop of about 20 f t  occurred. The r iver at this point,  af ter f lowing on a
true course in a NNE direct ion for about 55 rni les, turns nearly 90 deg
to the east to f low through the rapids and then reverses 180 deg to f low
westward for about a rni le before cont inuing northward.

Construct ion began at Kelsey in June 195? and was cornpleted
by the fal l  of  1960. Fi l l ing of the headpond took place in stages beginning
in May 1960 and was cornpleted by late Novernber 1960. First  power was
del ivered to Thornpson in June 1960. The ini t ia l  instal led capacity of the
p lan t  i s  210,000 horsepower ,  w i th  a  poss ib le  u l t imate  capac i ty  o f .  4ZO,O00
horsepower .

The design and construct ion aspects of the project and the
problerns encountered have been described in detai l . in a paper by MacDonald,
Pi l l rnan and Hopper ( l ) .  O. ly br ief  reference wiLl  here be rnade, therefore,
to the main features of the developrnent.

The natural  drop through the rapids on the r iver,  together with
the construction of a srnall darn and sorne low dykes, allowed a head of
sorne 50 ft to be utilized. A 120-ft rnaxirnurn height, rockfill-type darn
founded cornpletely on rock was constructed across the rapids sect ion.
Irnrnediately adjacent to the darn a gated sluiceway structure was built in
a large channel excavated through perennialLy frozen overburden and the
underly ing bedrock. The powerhouse is located on the north side of the
rock-control led isthmus forrned by the r iver at the rapids sect ion; the
intake channel was cut through this prornontory. Several dykes were
constructed at low spots in the topography to i rnpound water in the reservoir .
The general arrangernent of the developrnent is shown in Figure 2.
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During the exploratory stage of the project perrnafrost was

encountered at rnany locat ions in the area. Most of the rnajor structures

at the si te were not direct ly affected by the existence of perrnafrost because

they were founded on bedrock, al though excavat ion of the perennial ly

frozel overburden posed sorne interest i rrg problerns. The design and

construct ion of the water-retaining dykes were, however,  inf luenced great ly
by the presence of perrrrafrost.  The ul t i rnate perforrnance of these structures
was of special  concern because of the thawing effect of  the reservoif  water
on the underly ing perennial ly f rozen ground.

The construct ion at Kelsey provided a valuable opportunity to
carry out a study of the thawing effect of water under and adjacent to
several  of  the relat ively srnal l  dykes erected on perrnafrost.  In Decernber
I956 d iscuss ions  were  heLd w i th  rnernbers  o f  H.G.  Acres  and Co.  L td . ,

Consult ing Engineers retained by Manitoba Hydro, concerning var ious
problerns related to construct ion in perrnafrost areas. Further rneet ings with
Manitoba Hydro and H.G. Acres and Co. Ltd. were held tn 195? and 1958
to  d iscuss  dyke des ign  and cons t ruc t ion  and to  cons ider  p roposa ls  fo r
research studles that rnight useful ly be carr ied out at the Kelsey si te.  As
a result  of  these discussions, a prograrn of f teld observat ions to deterrnine
the thawing effect of water and the perforrnance of the dykes by rneans of
ground ternp6rature and dyke rnovernent measurernents was drawn up by ,' 

'

DBR/NRC.

The f ield studies, in which the Divis ion and Manitoba Hydro are
joint ly part ic ipat ing, were ini t iated in the fal l  of  1958 when the f i rst  of  the
instrurnentat ion was instal led and observat ions were begun. Over-al l
supervision of the prograrn has been under the direct ion of the staff  of  the
Dlvision who have designed, fabr icated and instal led al l  instrurnentat ion
required for the studies. Manitoba Hydro has provided the labour assistance
and equiprnent at the si te necessary for instal l ing the var ious instrurnents.
Mernbers of the H.G. Acres staff  rnad.e the ini t ia l  observat ions frorn October
I958 to Septernber 1960. Mernbers of the Operat ing Divis ion of Hydro
have car r ied  on  the  observa t ions  f rom Septernber  1960.

Th is  repor t  has  been prepared to  record  and descr ibe  the  scope
of the research prograrn and the detai ls of  the instrurnentat ion designed
and instal led at Kelsey to assess the thawing effect of  water on the perforrnance
of dykes constructed on perennial ly f rozen ground.

Z.O DESCzuPTION Or'  SITE

2 . 1  C l i m a t e

The location of the Kelsey Generating Station in north central Manitoba
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places i t  in an inter ior cont inental  posi t ion in North Arnerica. Desplte
the proxlrni ty of Hudson Bay, 250 rni les to the east,  thls large body of
water has l i t t le effect on the cl i rnate pf the Kelsey area because of the
preva i l ing  west  to  eas t  c i rcu la t ion  o f  a i r  masses  and d is tu rbances .  As
a result ,  the cl i rnate is essent ial ly cont inental  in character,  with long cold
winters and short  warrn surrrrners. Because of the lack of rnajor rel lef
features between Hudson Bay and the Cordl l lera, the factors affect ing the
cl i rnate of Kelsey prevai l  throughout the Prair ie provinces, wlth var iat ions
related pr irnar i ly to lat i tude.

The nearest Departrnent of Transport  meteorological  stat ions
are Wabowden and Gi l larn, located approxirnately 110 rni les southwest and
70 rn i les  eas t  respec t ive ly ,  o f  Ke lsey  (F igure  1) .  A  cornpar ison  o f  the  a l r
ternperatures and precipi tat ion recorded at these stat ions (z) and at
Thornpson was undertaken in a previous study (3).

Dai ly air  ternperature observat ions were begun at Kelsey in
July 1957, and to date fair ly cornplete records have been obtalned, with
the except ion of I961, for which only part ial  records are avai lable for
Apri l  to August,  inclusive. Al though the four si tes are si tuated fair ly
close togethe.r at  approxirnately the sarne ground. elevat lon, the sl ight
di f ferences in lat l tude result  in di f ferences in air  ternperature and preclpi-
tat ion- le spi te of the short  per iods of record (4 years) at Thornpson and.
Kelsey, values interrnediate to those of Wabowden ancl Gi l larrr  are indicated.
A reasonably val id picture of the cl i rnate at Kelsey can be obtained,
therefore, by using data frorn Wabowden and Gi l larn. Signif icant cl i rnat lc
data for the four locatlons are surnrnatized. ln Table I. Exarnination of the
air  ternperature records glves the folLowing inforrnat ion:

Mean January dai ly  ternp.

r l  r r  l l  rn in.  ternp.

r l  r r  r r  rnax.  temp.

Mean July daily ternp.

r r  l r  l r  rn in.  ternp.

l l  l l  I t  rnax.  ternp.

Mean Annua1 ternperature

rr  r r  dai ly  rn in.  ternp.

t l  r l  t r  rnax.  ternp.

Wabowden

r944-Lg6r

-10.  z

- r8 .7

-  r ,7

62 .4

51 .  5

73 .3

z7 .6

18 .  0

37  . 2

Thompson

l 958 - r96 r

-13 .3

-23 .0

-  3 .6

60 .  3

49 .  Z

77 .4

24 .9

14 .  0

35 .7

K e l s e y

I  958  -  60 ,  r g62

_ r4 .0

-24 .0

_  3 .9

6 r  . 7

50 .  z

7  3 .2

25 .0

t3 .8

36 .  Z

Gillarn

r943-r96t

- 14 .3

-?2 .9

-  5 .7

59 .4

47  . 8

70 .9

23 .L

t3 .  z

33 .  0
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Freezlng and thawing indices cornputed frorn air  temperatures
are useful in that they give an indication of the arnount of heat added to or
extracted frorn the ground at a local i ty.  Indices calculated frorn the air
te rnpera ture  records  taken a t  Ke lsey  ( i958-60,  1962 l  and a t  Thornpson
( lgSg-51)  g ive  average va lues  tha t  l ie  be tween those cornputed  fo r  \Mabowden
and Gi l la*  (9 -year  averages)  as  shown be low:

W'abowden

Thompson

K e l s e y

Gillarn

Thawing Index
(Degree  -days )

3553

3r49

3240

2850

4872

5535

5639

581  5

At Kelsey, the average period free frorn frost each surnrrrer is about 105
days frorn early June to rnid Septernber.

Prec ip i ta t lon  records  fo r  Ke lsey  are  lncornp le te ,  bu t  the  records
for 

'Wabowden 
and Gillarn indicate that the rnean annual precipitation is about

16.5 in.  Of this total ,  approxirnately 5 in.  occur as snow (10 in.  snow = I  in.  water).

Z .Z  Ge_o logv  and Topographv  G,  4 l

The Kelsey sl te is located in the Precarnbrian Shield -  the largest and
oldest geologlcal  region of Canada. The rocks of the Shield are predominant ly
lgneous and rnetarnorphic in Manitoba and were forrned during the Precarnbrian
era. During the Palaezoic era and Cretaceous period'rnuch of the Shield
underwent marine subrnergence. Following uplift in late Tertiary tirne ,
extensive ice sheets advanced over rnost of  the Shield during the Pleistocene
epoch. As they retreated, Iarge areas were inundated by glacial  lakes, which
subsequent ly drained leaving the land fur rnore or less i ts present forrn.

Lake Agassiz,  perhaps the largest of  the glacial  lakes that occurreo
in Canada, covered much of central  and southern Manitoba for thousands of
years fol lowlng the retreat of  the lce in the rnost recent of the gLacial  per iods,
the 

' \4r isconsin. 
During this period the Laurent ide ice sheet eroded the bedrock

surface, rounding hi l ls,  deepenlng val leys and deposlt ing dr i f t  as i t  advanced;
on retreat i t  deposlted a var iety of coarse-and f ine-grained rnater lals.
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Kelsey is within the area covered by glacial  Lake Agassiz,
but near i ts northern boundary. The f inal  stage of Lake Agassiz dralned
northward into Hudson Bay more than 3600 years ago, perhaps as long as
7000 years ago. Extensive and cont inuous larninated si l t  and clay deposits
were lef t  in the area i t  covered. These dist inct ly strat i f ied rnater lals rest
on bedrock, t111 or thinly strat i f led dr i f t  deposits overly ing the t i l I .  Thelr
deposltion on the htlly and knobby Shletd relief has produced an alrnost flat
to gent ly rol l ing plateau-l ike surface.

The forrnat ion of a new surface drainage systern has been progresslng
since the cornparat ively recent disappearance of the last glacler,  but because
of the flat topography and the nature of the overburden this systern is stil l
highly disorganized and contains innurnerable lakes, rivers and swarnpy
areas" The chief processes affect ing the landscape at present are strearn
erosion and deposit ion, weathering and frost act ion.

The Nelson River flows f.or 375 rniles frorn Lake Wlnnlpeg to
Hudson Bay through this country and drops in elevatlon a total of.7lZ ft,.
The average ground surface elevat ion at Kelsey is about 600 f t  A. s.  L.

? .3  So i ls  and Per rna f ros t

The predorninant soils at the Kelsey site are stone-free (in rnost
cases) ,  lacus t r ine ,  varvedt tc laysr r  cornposed o f  the  rock  f lour  once he ld  Ln
suspenslon by glaclal  strearns and deposited by thern as they reached the
waters of glacial  Lake Agassiz.  A surface organlc rnant le of f rorn I  to 3 f t
o r  rnore  covers  the  we l l -s t ra t i f iedr rc lays t t  tha t  occur  as  b rown and grey
depositsr the grey varved rnater ials underly i lg the brown. These deposlts;
which rr lay exceed 25 f t  in thickness, overl ie bedrock or thlnly strat i f ied
glacial  dr i f t .  The dr i f t ,  f rom zero to rnore than 20 f t  thick, ls cornposed
predorninant ly of a sandy gravel or a rnedium to coarge sand. Rock outcrops
are uncolnrnon and ahnost invariably are confined to the shores of rivers
and sorne lakes. The total thickness of overburden rrray vary frorn a few
feet to rrrore than 50 f t ,  the greater thicknesses occurr lng in depresslons
in the bedrock surface. A typical  sol l  prof l le is shown in Figure 3, Logs
of several  boreholes in the vic inl ty of East and west Dyke" No. z and. a
surrrrnary of pertinent soil test results are given in Appendix A.

Perennially frozen ground was encountered tn rnany of the
exploratory holes drilled on the site and in a nurnber of excavations und.er-
taken during the construct ion period. Kelsey is located in the southern
fr inge area of the perrnafrost region where perennial ly f rozen ground
occurs in scattered patches or is land.s. The thlckness and areal extent
of these patches of f rozen ground are quite var iable.
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Perrnafrost was found nearly everywhere over the si te and

appears to occur to greater depths in low-lying areas having a thick rnoss

and organic cover.  The depth of the act ive layer can vary considerably

within short  distances lateral ly,  but ranges frorn I  to 3ft  in the low-lying

areas to perhaps 6 or '7 f t  on higher ground. At sorne locat ions perrnafrost

was found in the varved clays and til ls to depths as great as 35ft, and

occasional ly was encountered in bedrock. Al though no atternpt was rnade

to rnap the distribution of perrnafrost over the site sorne indication of its

var iabi l i ty can be noted on Figure 4, which shows the occurrence of f rozen

ground on typical  longitudinal and cross-sect ions under East Dyke No. Z.

Extensive ice segregat ion was found in al l  perennialLy frozen

varved clays, general ly in the forrn of hor izontal  lenses varying in thickness

from hair l ine to 8in. but the predorninant size range was frorn t / I5 to 1in.

thick. Spacing of lenses var ied sirni lar ly.  Al though rnost ice layera were

}rorizontal, rnany inclined or vertical lenses and randorn searns, usually

quite thin (hair l ine to t /+in,) ,  wer.e also observed. In some isolated cases

srnal l ,  randorn ice crystals (< t /  +- in.  diarneter) were seen at shal low depths
(< l0f t)  below the ground surface. Sorne soi ls,  ( f ine sands and si l t )  were
bonded by ice not vis ible to the naked eye" Typical  ice segregat ion is shown
in Figures 5'and 6. The distr ibut ion of ice in a vert ical  sect ion is shown
in the detai led logs of three holes dr i l led at East Dyke No. Z, reproduced
in Appendix A.

Ground ternperature rneasurernents rnade to date indicate that
the mean ground ternperature in permafrost to depths of 20ft  in undisturbed

a r e a s  v a r i e s  f r o r n  a b o u t  3 0 . 5  t o  3 1 . 5 " f ' .

3.0 RESEARCH CONSIDERATIONS

3. I  Dyke Design

At Kelsey only two of the rnajor dykes, East and W'est Dykes No. Z,
had to be constructed wholly on perennially frozen ground. With the exception
of the very srnall freeboard dykes, whichwere built of clay fil l and placed
on a ground surface stripped of organic material, all frozet:- overburden
was rerrroved frorn rnost of the length of the centre dyke and East and West
Dykes No. I  (see Figure 2) and a cornpacted clay f i l l  p laced on the bedrock.
This approach was taken because of the potentially serious problerns that
would result from thawing of the underlying frozen ground at these critical
Iocat ions.



East  and West  Dykes  No.

a rnaximum helght of 20 ft, were requ
the  reservo i r  (F igure  Z) .  Located  ab
either slde of the r iver,  they were
to considerable depth for rnost of  thei
I Ine could not be establ ished for el the
occurred throughout the low areas the
of the r lver.  Normal design and cons
regions usually involve founding struc
prove troublesorrre upon thawing, exca
rnater ial ,  or preservat ion of the exist
natural  or art i f ic ial  rneans. A trouble
did not exist  and excavat lon or preser
not considered econornical .

When designs for the dyke
( tgSe to ear ly  1958) ,  a  l i terature sear
of invest igat ions had consldered the t
disturbance of perennial ly f rozen g
described the results of f teld observat
f ie ld studies had been rnade nor was
with regard to the effect of  a large he
frozen ground or on water-retaining st
To the authorrs knowledge only two suc
constructed on permafrost in North
inforrnation of their perforrnance was
to the Kelsey work. A number of inve
carr ied out and reported, however,  in
references (known to date) related to
the thawing effect of water are listed

The design ultirnately cho
has no known precedent and has been
and MacDonatd (Z).  Br ief ly,  the design
constructed on a foundation of frozen
thawlng by a drainage systern of sand p
dependent on the height of the dyke.

Discussions with repre sent
and Manitoba Hydro suggested three as
invest lgated in a research study by rne
was real ized that these observat lons co
irnrnediate value during the design or c
o f  the i r  necessar i l y  long- te r rn  na ture .

, approxlrnately 2000 ft long with
red to cornplete the enclosure of

t 3000 f,t upstrearn of the darn on

rlain by perennlally frozen ground

length. A perrnafrost- free dyke

dyke because extensive permafrost

crossed to within a short  dlstance

uction procedures in perrnafrost

res on rnaterlals that wlll not
on of potentially troublesome

frozen ground condit ions by

free locat lon for these two dykes

t ion of the frozen ground was

were under conslderat ion

h revealed that although a nurnber

oret ical  aspects of the therrnal

,  there were few that actual ly

s. In part icular,  no detai led

re any pract ical  experience avai lable

source such as a lake on perennlal ly

uctures founded on permafrost.

s t ruc tu res  (5 r  5 )  had been

rica and l i t t le or no publ ished

vailable that would be of asslstance

igat ions and studies have been

ecent years. A11 pert inent

m constfuction on perrrlafrost and
the blbliography.

for East and W'est Dykes No. ?

scr ibed in detai l  by MacDonal.d et al  ( l )

cons ists of a cornpacted sand fll l

rved clay that ls stabi l ized durlng
es i  the  spac ing  o f  these is

t i v e s  o f  H . G .  A c r e s  a n d - C o .  L t d .

cts that rnight usefully be

s of fleld measurerrrents. It

not provide informatlon of
struct ion stage of the project because

The observat ions, however,  wi l l
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prove of value with regard to future construct lon of a sirnl lar nature
and lt is hoped will provide useful inforrnation should rnaintenance or
rernedial  work be required on the structures under study. The observat lone
will also serve to check the prelirninary rnathernatical analyses and
iirovide information for future analyses of the therrnal problem.

a r e :

The three rnajor aspects that mlght useful ly be lnvest lgated

ground therrnal regirne,

settlernent of dyke and foundation materlal,

stability of dyke and foundation rnaterlal.

( " )

(b )

( . )

3 .2  Ground Ther rna l  Reg ime

3"  Z"  7  Theore t ica l  Ana lys is

A knowledge of the change ln the ground therrnal regirne caused by
f looding of the ground surface adjacent to and beneath the dykes is most
irnportant, particularly in a region such as this where the rnean ground
ternperature is near the thawing point (32"F).

Dr .  D .  C.  Pearce  o f  the  D iv ls ion  o f  Bu i ld lng  Research  car r ied
out a mathernat ical  anaLysis based on conduct ion theory to deterrnine the
long-terrn effect of water on the ground. therrnal regirne beneath the dyke.
Assuming a. water ternperature of 39 deg F. and a trrean ground ternperature
of 3l  deg F, l t  was est i rnated that:

(-) it would take rnany hundreds of years for equilibrlurn
condit ions to be re-establ ished under the rnain body
of the dyke;

(b) the long-terrn effect of  water on the rna6s of perrnafrost
beneath the dyke would be negl lgible,  except for the
region adjacent to the water-dyke interface; at thls polnt,
the boundary condit ions become very cornplex so that
assurnpt ions used in the or iginal  analysls are not
appl icable.

Further calculations, though only approxirnate because of the
cornplex boundary condit ions, suggested that within a 50-year period
significant thawing could be expected directly beneath the water -dyke
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interface that rnight extend into and beneath the dyke for a distance of
40 f t .  During the f i rst  few years, the rate of thaw in this region rnight be
in the order of.  Z to 3 f t  per year,  al though the rate would decrease wlth
t i rne and with distance frorn the interface.

Dr .  Pearce  a lso  an t ic ipa ted  tha t  w i th in  the  50-year  per iod  the
perrnafrost below the reservoir  would thaw completely and that,  ln i t ia l lyo
the rate of thaw in this area would also be at reast z to 3 f t  per year.

r t  is c lear,  therefore, that a knowledge of.  the rate of thaw
occurr ing beneath the reservoir  and the dyke as a result  of  f looding the
area ls of pararnount importance as regards the perforrnance of the dyke.
rt  would also be useful  to have a knowledge of the therrnal regirne exist ing
in this area of sporadic perrnafrost before construct ion and to fol low the
long- te r rn  changes resu l t ing  f ro rn  the  r i se  in  water  leve l .  Th is  las t  aspec t
rnay be extremely di f f icul t  to detect owing to the length of t i rne required for
long-term changes to take effect.  In addit ion the accuracy of the ground
temperature rneasurernents required rnay not be easi ly obtained under f ie ld
cond i t ions .

3 .  Z .  Z  F ie ld  S tud ies

3 .  Z .  Z . l  M. " "o  A1though per rna f ros t  l s
det lned on a ternperature basis,  the deterrninat ion of the existence of
perennial ly f rozen ground by rneans of f ie ld temperature measurernents
can be extrernely di f f icul t ,  part icular ly in an area where ground ternperatures
are close to the thawing point.  Determinat ion of f rozen ground by manual
rne thods  (e .g . ,  us ing  s tee l .  p robes  or  core  dr i l l i ng) ,  a l though rnore  re l iab le
in some cases, can be di f f icul t  and laborious when the frozen ground occurs
at sorne depth below the ground surface, part icular ly when observat ions
are desired in an area covered. by water.  When a nurnber of observat ions
are required at regular,  relat ively closely spaced, intervals of t i rne, such
rnethods cannot be considered for pract ical  reasons.

o ther  a l te rna t ives  fo r  rneasur ing  depth  o f  thaw ( i . . . ,  dep th  to
the  per rna f ros t  tab le )  were  cons idered.  The use o f  se is rn ic  o r  res is t i v i t y
apparatus was a possibi l i ty,  but the rel iabi l i ty was quest ionable because of
several  factors, rnainly l i rni ted experience with their  use in the f ie ld.
Field tr ia ls of this equiprnent have been carr led out in perrnafrost areas
by DBR personnel,  but i r regular i t ies in the operat ion of these instrurnents
and in the results obtained showed. fhey would be of limited value.

The rnost rel iable rnethod of determining the depth of thaw for
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the  s tud ies  proposed a t  the  Ke lsey  s l te ,  there fore ,  appeared to  be  by
ground ternperature rr leasurernent.  Several  types of instrurnents are
avai lable for rneasuring ground temperatures. These include rnercury
bulb thermorneters, resistance therrnorneters and therrnocouples.
Perhaps the rnost accurate instrurnents are therrnistors, but inherent in
their  use for long terrn rrreasurernents is the problern of their  possible
dr i f t  with t i rne and the subsequent need for recal ibrat ion. This is not
prac t ica l  because they  cannot  eas i l y  be  re t r ieved when they  are  permanent ly
instal led. Studies by DBR/NRC cornparing the var ious types of rneasurlng
instrurnents have indicated that therrnocouples can give results of desired
accuracy provided proper care is taken with their  instal lat ion and in the
rneasurernent equiprnent and techniques used. I t  was decided therefore
to use coPPer-constantan therrnocouple cables to rneasure ground. ternpera-
tu res .  Eas t  Dyke No.  2  was chosen as  the  loca t ion  fo r  these s tud ies
because fair ly detai led inforrnat ion on perrnafrost condit ions und.er and
adjacent to the dyke had been obtained.

3 . 2 . 2 . 2  T h a w  U n d e r  t h e  R e s e r v o i r : I t  was proposed that two
areas  be  se lec ted  fo r  s tudy  be tween the  present  r i ver  channe l  and East
Dyke No. Z -  one sorr le distance frorn the dyke, the other adjacent to i t .
I t  was desirable that each area should have a diarneter of at  least 300 f t
within which the vegetat ion cover was sirni lar,  that the act ive layer
should ini t ia l ly not be greater than 3 to 4 f t ,  and that perrnafrost should
be present  to  a  depth  o f  a t  leas t  ?0  f . t .  The se lec t ion  o f  such loca t ions
could have been di f f icul t  because of the extremely var iable nature of
perrnafrost distr ibut ion; but an auger hole (No. 667) l lad been put down
during the exploratory si te invest igat ion about 500 f t  west of the dyke
and perrnafrost was encountered at a depth of.  3.4 f . t  (zz october 1957)
and extended to at least the z0-f t  depth (bottom of the hole).

A second locat ion was chosen about 100 f t  f rorn the toe of
the dyke. No inforrnat ion was avai lable for this area, but an exploratory
hole put down (24 October 1958) showed that perrnafrost was present
be tween 3-3  f . t  be low the  ground sur face  and a t  leas t  zo  f . t .

Three rnain factors had to be considered in choosing the type
of instal lat ion for this area, which would be subrnerged when the
reservo i r  was  f i l l ed :

any instrurnentation would have to be adequately water-
p roo fed ;

( a )

(b )

( . )

any instal lat ion at or near the water surface of the
reservoir  rnight be darnaged or destroyed by ice rnovernent l

the isolated location of the installation would rnake it
inaccess ib le  except  by  boat .
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The maxirnurn length of thermocouple cable was llmlted to
about 200 f t  because the sensit iv i ty of the potent iorneter to be ueed was
adversely affected by the external reslstance of c ircui ts of greater length.
The switch box for the therrnocouple cable installed adjacent to the dyke
could be brought up onto the top of the dyke, but sorne other provlslon
would have to be rnade for reading the second installatlon, which was
placed about 500 f t  f rom the dyke. For this lat ter case the switch box
would have to be placed on an art l f lc ialrr is landtr in the reservoir .
Several  rnethods were consldered including the use of an anchored raft ,
the construction of a pile-supported platforrn and the buildtng of an earth-
f i l l  observat ion post.  A11 had to be abandoned, however,  because of the
exPense involved, and ln particular because of the potential danger of
destruct ion by ice movernent of any structure erected in the reservoir"
A different type of reading instrurnent, which perrnitted the use of a
longer therrnocouple cable, was therefore indicated. The designs of
the therrnocouple cables and the reading instrurnents finally selected
are  descr ibed in  la te r  sec t ions  o f  th is  repor t .

At each of the trvo locat ions selected in the reservoir  i t  was
proposed tlnat a therrnocouple cable be installed to rneasure ground
ternperatures to a depth of.  z0 f t .  Therrnocouple points were to be
placed at I  : f t  intervals between the ground surface and the lZ-f t  depth,
and at I .5-f t  intervals frorn lZ f t  to IB f t ,  with a f inal  point at  the i
?0 - f t  depth.

3.2.2.3 Th"* U.t$u" Dyhg Relat ively detai led inforrnat ion on sol l
a n d ' p e r m a f f i s o b t a i n e d d u r i n g t h e p r e 1 i r n i n a r y s i t e

invest igat ions at three locat lons along the centrel ine of East Dyke No. z
where dr i l1 holes No. 68?, 683 and 684 were put down and core sarnples
taken for the ful l  depth of each hole. The borehole logs are shown in
Appendix A. The height of  the dyke (crest elevat ion; 610 f t)  at  each of
these loca t ions  is  about  11 ,  15 ,  and 6 f t ,  respec t ive ly ,  andthe  depth
of water at the toe of the dyke at these points with the reservoir
maintained at the design elevat ion of 605.0 is about 6, 10, and 1 f t ,
re spect ively.

I t  was proposed, therefore, that three permanent therrnocouple
instal lat ions be rnade at each of the above-noted locat ions on the upstrearn
shoulder of the dyke to a depth of. ?0 ft below the original ground. surface.
To observe the thaw that will occur under the dyke, g"o,rr.d ternperature s
would be rneasured at I -ft intervals frorn the original ground surface to
a depth of.  12 f t ,  and at 1.5-f t  intervals frorn rzto Ig f t ,  with a f inal
thermocouple point at the ZO-tt depth.
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3.2 .2 .4  Ex is t lng  Ther rna l  Reg ime:  To  prov lde  a  bas is  fo r
cornpariso r"  

"  
. rr .""ured und.er the reservoir

and the dyke i t  was necessary to rnake a reference instal lat ion ln an
undisturbed area. At this locat ion, where the vegetat ion cover and
other conditions had not been and wiII not be disturbed, the rnean ground
ternperature ls being measured. rn addtt ion, i t  may be possible to pick
up annual or long-terrn variatlons, if any, in the ground thermal regirne.

Three individual therrnocouple cables were therefore proposed
for instal lat ion at a locat ion about 400 f t  east of  the south sect ion of East
Dyke No. 2 in an undisturbed wooded area. An exploratory borehole
(No.  558)  had been pu t  down (  zz  oc tober  195?)  tha t  showed the  presence
of  permaf ros t  in  th is  genera l  a rea  f rom I . I  f t  to  a  depth  o f  a t  leas t
z0  f . t .  Ground te rnpera tures  were  to  be  rneasured a t  depths  o f  ? .5 ,  5 ,  10 ,
15, and 20 f t  below the ground surface at each of these instal lat ions.

3 .3  Dyke Movernents

It was expected that significant settlement of the dykes would
occur fol lowing construct ion. Any sett lernent rneasured would be the
result  of  ei ther consol idat ion of the dyke mater ial  or cornpression of the
foundat ion rnater ial  as thawing takes place, or to a combinat ion of both
factors. I t  was expected that any sett lement rneasured before the water
level is raised against the dyke would be caused pr irnar i ly by consol idat ion
of the fil l rnaterial . of rnore irnportance, however, is the arnount of
sett lement (perhaps 5 to 7 f t )  that would occur because of thawing of the
underly ing frozen rnater ial .  This lat ter sett lernent wi l l  depend on whether
drainage of the water frorn the thawed ice does or does not occur.  The
rate at which settlement takes place will be dependent on the rnethod of
dra inage.

A knowledge of the arnount and rate of settlernent will provide
a further rneans of following the depth of thaw beneath the dyke and
assist  in schedul ing future maintenance work. r t  was proposed, therefore,
to rneasure the total  sett lernent caused by the two above-mentioned.
factors and to atternpt to dlstinguish the arnount of settlement caused by
each by instal l ing devices at var ious levels in the f i l l  and in the frozen
foundation rnaterial.

Many difflculties were inherent in providing an installation
to  record  these re la t i ve ly  s imp le  rneasurements .  Ma jor  fac to rs  to  be
cons idered were :

(") the fact that any installations rnade prior to or during the
constructlon phase of the dyke would be subject to darnage
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( . )

( d )

(b )

( a )

- t3 -

or loss because of construct ion act iv i ty;

the difficulty of instal.ling suitable instruments in
perennial ly f rozen ground;

that equiprnent should be as slrnple as posslble to
keep observer  e r ro r  to  a  rn in imurn :

the isolated location of the installatlon and the fact
that only a very srnall staff would be present when
the plant is operating dictated that any lnstallation
require a rninirnum of servicing or mafurtenance
work .

several  types of sett lement gauge were considered rncludfurg:

steel plates placed in the f itl and on the original
ground surface that could be located by hand borings
at var ious intervals of t i rne to determine thelr
elevat ion;

a telescopic type of gauge consist ing of a nurnber of
d i f fe ren t -s ized  s tee l  tubes  concent r i ca l . I y  a r ranged
around a central  steel datum rod;

earth auger-type anchors placed in the f i l l  and in the
frozen ground to di f ferent depths;

a number of steel rods, having auger-type t ips, that
would be placed in separate dr i l led holes to depths
at  wh ich  measurer r len ts  a re  des i red .

( . )

(d )

A nurnber of disadvantages apply to each of the types of gauges
considered above. I t  appeared, however,  that even though the last l isted
rnethod requires the drill ing of a nurnber of holes, the use of individual
rods was the rnost pract ical .  A nurnber of these gauges were fabr icated,
therefore, to be placed adjacent to the three therrnocouple cables on
East Dyke No. z at S-f.t intervals of depth from a point 5 ft above the
ground surface ( in the dyke.f i l l )  to a rnaxirnum depth 20 f t  below the
original  ground surface. Movernents were to be rneasured by determining
the elevat ion of the top of the rod, which protrudes above the top of the
dyke
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3 .4 Dyke St?bilily

Thawing of the foundation rnaterial (with its high ice content)
with slow or very l i t t le drainage of the result ing water can cause condit lons

conducive to a slope fal lure. Such condit ions wi l l  depend direct ly on

the rate at which thawing takes place. I f  the rate of thaw, the consol idat lon

of the rnater ial ,  and soi l  condit ions are such that the water is able to

drain away or dissipate suff ic ient ly to prevent a ser ious decrease ln the

shear strength of the soi ln then cr i t ical  s lope condlt ions rnay not be reached.

The role of moisture and rnoisture nlovernent between the soi l  varves and

within the soil pores is extrernely irnportant with respect to the problern

of slope stabi l i ty (and rnay also have a signi f icant effect as an agent for

heat transfer within the soi l ) .

Discussions with rnernbers of the Divis ion regarding the

stability of the dyke have shown the cornplex nature of any study of this
problern, part icular ly in so isolated a locat ion. I t  was suggested that a

study of rnoisture rnovenl.ent and water pressures rnight be useful ,  al though

the value of results obtained could be rather meanlngless because of the
nurnber of other variables involved. Except for periodic visual exarnlnations

of the dyke with regard to slope rnovernent,  therefore, no detai led f ie ld

work was cbnternplated on this aspect.

4.0 INSTRUMTENTATION

4. I  Ground Ternpera tures

The f ield rneasurement of ground ternperatures poses a nurnber of
problerns. Several  rnethods of rneasurernent have been invest igated, but
experience gained by the Divis ion of Bui lding Research over the past
I0  to  15  years  has  shown tha t  ther rnocoup les  per fo rm sa t is fac to r i l y .
Several  factors, however,  can have an appreciable effect on the accuracy
of the results obtained. Sorne, inherent in the rnater ials used and in the
circui try,  are not too wel l  def ined and their  total  ef fect,  usual ly srnal l
in rnagnitude, is not c lear ly understood. Others can be direct ly related
to the fabr icat ion and instal lat ion of the cables, the type of readlng or
recording apparatus used, and the procedures fol lowed in rnaking the
rneasurerrrents.  Dif f icul t  f ie ld condit ions -  severe cl ineat ic extremes,
b i t ing  insec ts ,  re rno te  a reas ,  loca l  te r ra in  env i ronrnent  -  can  a lso
great ly  in f luence the  resu l ts  ob ta ined th rough observer  e r ro r .

Therrnocouple cables have been used by the Divis ion in rnany
studies of perrnafrost,  and experience gained with the fabr icat ion of
rel iable instrurnentat ion has already been recorded (8).  The ground
ternperature instal lat ions rnade at the Kelsey si te are sirni lar to those
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described in this reference and wi l l  not be described in any detai l  in
th is  repor t .

Three rnajor factors had to be consldered for the ground
ternperature installations at KeIsey:

( a ) AII parts of the installation had to be waterproofed, for

rnoisture could have an appreciable effect on any measure-
rnents rnade. This applied not only to the actual ternpera-

ture rneasuring junct ions and the therrnocouple wire, but
also to the switch box connect ions. This was part lcular ly

irnportant with regard to this study because several  of
the  cab les  were  to  be  en t i re ly  i rnmersed in  water .

I t  was proposed that observat ions be rnade at regular
in te rva ls  fo r  a  per iod  o f  a t  leas t  10  years .  Ary
instrurnentat ion placed in the f ie ld,  therefore, should
be designed and constructed for a l i fe expectancy of

about  Z0  years .

I t  was expected that observers would be changing
continually and, in addition, that they would not, in
rnany cases, be intimately farniliar with the equiprnent
or instrurnentat ion used. The equiprnent,  therefore,
should be sirnple in operation and require littIe
rnaintenance so that the procedures to be fol lowed in
rnaking observat ions would be easi ly understood.

I t  was real ized, therefore, that special  ernphasis rnust be
placed on the design and fabr icat ion of the ternperature rneasuring
equiprnent.

4 .  1 .  I  Ther rnocoup le  Cab les

AIl  themnocouple cables were designed and fabr icated as described
in Reference (8).  Pert inent detai ls,  however,  are given in the fol lowing
sec t ion .

Twenty-gauge copper-constantan duplex wire was used. in
al l  cables. Each conductor is covered with a polyvinyl  chlor ide coat ing
and the duplex wire has an over-a11 covering of polyvinyl chloride. When
each therrnocouple junct ion had been prepared and the duplex wires taped
together for each instal lat ion, the cable was placed inslde a l /4- in.  diarneter

(b )

( c )
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length of flexible, black polyethytene pipe .(Ganadtan Government
Spec i f i ca t ions  Board  Spec.  41  -GP-5A) .

The length of duplex wire and plastlc pipe used depended on
the instal lat ion. For the three reference thermocouple cables (KT 6r? and 8)
placed in the undisturbed area and the three cables (KT 3,4 and 5) placed
under East Dyke No. 2, the Z0 ga- duplex wire was encased in a continuoua
length of plast ic pipe and ran direct ly to the switch box i .e.  a trshort  leadt l
instal lat ion.

Two ident ical  rr long leadtr cables 200 f t  long were or iginal ly
placed in the reservoir  -  KT I  (old),  500 f t  f rorn East Dyke No. 2, and
KT z ,  200 f t  f rom the  dyke.  Junc t ion  boxes  (see Reference (8 ) ,  F igure  ?)
were placed in these cables about I0 f t  f rorn the borehole locat ion.
Twenty-gauge duplex wire was used for the lower sect ion of these cables.
Frorn the junction box where the splice was rnade to the switch box, an
I8-pair ,  2?-ga:uge copper interphone cable ( individual conductors havlng
a polyvlnyl chloride covering, and the whole a polyvinyl chloride coating)
was used to connect al l  the coppers -  each of the thermocouple junct ion

copper wires being spl iced to two of the coppers in the phone cable to
reduce the circui t  resistance. A single l4-gauge constantan wire covered.
with cotton'-wrapped rubber and waxed braid. to which all the therrnocouple
junct lon constantan wires were attached was used frorn the junct ion box
to the switch box.

Cable KT I  (old) was replaced by a new cable, KT I  (new),
about one year after i t  had been instal led because the or iginal  length
(zoo rt)  of  KT I  (old) dld not al low the switch box to be placed on top of
the dyke. Sorne rnodifications were rnade to this new cable, inclu-dlng
the installation of a slightly different junction box (Figure 7) that allowed
a separate, short  therrnocouple cable to be attached for rneasuring water
ternperatures in the reservoir  adjacent to the ground ternperature cable.
A 26-pair ,  ZZ-gawge copper interphone cable and a single I4-gauge
constantan conductor were used in this cable frorn the junct ion box to the
switch box. Each of the copper therrnocouple wires was agaln spl iced to
two of the' interphone cable coppers, and al l  constantan wires were
spliced to the cornrnon constantan conductor.

4 . L . 2  S w i t c h  B o x

A switching arrangernent was required to facllitate the taking
of readlngs because of the large nurnber of therrnocouple junct ions
involved in each cable. To protect the switches and connect ions frorn
the extrernes of weather prevalent in this area, a sui table switch
enclosure was required. switch boxes of the type described in Reference (g)
wef,e therefore fabr icated.
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Several  types of connectors were used at the terminal points
in the switch boxes during the j -ni t ia l  years of observat ion. The rnost
sat isfactory proved to be the wlre-wound. type (Reference (g) )  and al l
installations are now equipped with thern.

To reduce the effect of  convect ion currents within the cable
and to prevent or rninirnize corrosion of junct ions and. terrninal  points
in the circui t  each cable was cornpletely f i l led with a high qual i ry
transforrner oi l  (Voltesso No. 35).  The cornplete instal lat ion -  therrno-
couple cable and the switch box - was fabr icated and assernbled in
Ottawa for shiprnent to the site,

4. I .  3 Measuring Equiprnent

Ground ternperatures are frequent ly rneasured with a portable
precision potent iorneter,  part icular ly in rernote areas. This instrurnent
is l ight in weight,  relat ively easy to operate, and gives reasonable
accuracy provided proper procedures are fol lowed in i ts use. Ini t ia l ly,
a potent iorneter was provided to rneasure ground temperatures at the
Kelsey si te- Several  rnod. i f icat ions were rnade to this instrurnent,  however,
to rnake i t  rnore sui table for f ie ld use. Detai ls of  these changes and
the operat ing procedures to be fol lowed in the use of the instrurnent rnay
be obtained frorn the Divis ion.

The sensit iv i ty of the portable potent iorneter is great ly
affected when the internal resistance in a therrnocouple circui t  exceeds
about 30 ohrns. This factor becornes increasingly i rnportant when the
ternpera tures  to  be  rneasured are  c lose  to  the  re fe rence junc t ion
ternperature (32"F).  In addit ion, f ie ld condit ions harnper the observer
to a large degree when using this instrument which requires considerable
care in i ts operat ion.

These factors lvere al l  pert inent consid.erat ions with regard
to the use of the potent iorneter at Kelsey and other types of rneasuring
equiprnent were therefore investigated. Several r.r"ihoa" of irnprovirr!
the sensit iv i ty of the potent iorneter were consid.ered but were gineral ly
not sui table because of the fragi le nature of the accessory equiprnent
required. The advantages of ternperature recording apparatus were
invest igated but the use of this type of instrurnent was ruled out because
it  required not only a Power source and an extensive network of connect ing
cables to t ie- in al l  the instal lat ions but also frequent rnaintenance and
servicing to assure that i t  funct ioned properly.

The instrurnent that appeared to be the rnost suitable on all
points and was ul t i rnately selected was of the electronic potent iometr ic
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indlcating type. Thls choice rneant that power would have to be supplied
by a portable generator and the indicator protected frorn below-fre ezlng
ternperatures and possible darnage during transportatlon to and frorn the
field installatlons. Although this lnstrurnent (together wlth the power
generator) is substant ial ly heavier (about 200 lb) than the portable
potentiorneter (20 lb), it had certain advantages that would irnprove the
accuracy and rel iabi l t ty of  ground ternperature observat ions. I t  is
relat ively sirnple to operate, requir ing few adjustrnents by the observerl
al though basical ly a laboratory instrurnent,  i t  is falr ly rugged in
construct ion and can be used in the f ie ld after certain modi j icat ions have
been rnade. Detai ls of  these changes and the operat ing procedures to
be followed in the use of the equiprnent rnay be obtained frorn the Dlvislon.
This instrurnent,  sent to the si te in October I959, can be transported ln

" 
j - ton truck or snowrnobi le or pul led on a toboggan.

Both the portable potent iorneter and the electronic temperature
indicator are being used at Kelsey to rneasure ground ternperature s.  The
indicator is used rnost of  the t i rne, but dur ing the spr ing and fal l  when
transportat ion to the instal lat ions f f ray not be possible by vehlcle,  the
hand-car r ied  po ten t io rne ter  i s  used. .  Access  to  the  und is tu rbed area  is
difficult throughout rnost of the year so that the portable instrurnent is
nearly always used at this locat ion.

4 .2  Pvke Movernents

Each sett lernent gauge of the type selected for the KeIsey studies
rneasures rnovernerrts at one part icular depth. Thus, i f  rnovements are
des i red  a t  severa l  depths  a t  one loca t ion ,  a  g roup o f  gauges is  requ i red .
A total  of  i5 sett lernent gauges (3 groups) were instal led on East Dyke
No. 2 adjacent to therrnocouple cables KT 3, 4 and 5. s ingle gauges.were
also placed at three locat ions in west Dyke No. z.  Al l  gauges were
fabricated in ottawa and shipped to the si te in sect ions ready for
installation. Details of the construction of a typical gauge are given ln
F igure  B.

The gauges consist  essent iar ly of a central  daturn rod
(Z/e- in.  diarneter pipe) with a spiral  foot at tached to the lower end. The
daturn rod is pgotected frorn the surrounding soi l  by a grease-f i l Ied,
I  in.  diarneter semi-r igid type plast ic pipe casing (Kri iast ic).  Each gauge
is placed in a bored hole and the spiral  foot,  which protrudes through a
grease seal at  the bottorn of the casing, is turned into the soi l  at  the
depth at which rnovernents are to be rneasured.

The top of the plast ic casing extend.s above the crest of  the
dyke and the top of the daturn rod protrudes above the casing. The
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elevatlon of the top of the daturn rod is
by means of level surveys. Extensions
casing and the daturn rod as settlernent

4 . 3  F r o s t  I n d i c a t o r s

deterrnined at regular lntervals
can easl ly be added to both the
o c c u r s .

A nurnber of special  f rost depth indicators were lnstal led under
East Dyke No. 2 in 1963 i .e.  sorne t i rne after the rnajor instrumentat ion
prograrn had been cornpleted. These were included in the observat ional
program to assist in following the depth of thaw under the dyke and to
supplement the information obtained by m.eans of ground ternperature
rneasurernents. h addition to following thaw, they will provid.e infor-
rnation on the depth of frost perretration below the top of the dyke each
y e a r .

These indicators are sirni lar to those descrlbed by Gandahl
and Bergan (9),  except that they are rnuch longer than those norrnal ly
used. The construct ion of a typical  f rost indicator gauge is shown in
F igure  9 .  The ind ica tors  cons is t .o f  a  length  o f  r tex i l re ,  c lear ,  p las t i c
tubing (Tygon-: /e- in.  r .  D. and t /a- in.  wlt t  t t ickness) f i t led. with a
methylene blue solut ion. The tubing is inserted in a l /+- in.  diarneter
serni-r igid plast ic pipe (Krarast ic),  which is sealed at i ts lower end and
serves as a protect ive casing. The solut ion is blue at ternperatures
above 32"8, but becornes clear at ternperatures below 32"F. Frozen
zorLes in the ground or the depth of f rost penetrat ion can be observed
by sirnply pulling the tube frorn the casing and noting the colour of the
solut ion and the depths at which colour .h*gu" occur;  The tube is
then rep laced in  the  cas ing .

5.0 INSTALLATION OF' INSTRUMENTATION

Ground ternperature and. d.yke rnovernent instrurnentation was
instal led at var ious t i rnes in 1958 and 1959; the frost ind. icators were
instal led in Apri l  I963. The locat ion of al l  cables, gauges and indicators

f-"hoY_in 
Figure 2 and' pert inent detai ls of  each 

""L 
gir .un in Tables I [ ,

TTT and rv,  respect ively.  A descript ion of the rnethods and techniques
used and the di f f icul t ies encountered during the instal lat ion of the var ious
instrurnents is presented in the fol lowing sect ion.

5 .  1  R e s e r v o i r  A r e a

Ground ternperature cabre KT t (old) , zoo ft in length, was
placed to a depth of z0 ft  in the reservoir near exploratory-borehole
No. 667 about 500 ft frorn East Dyke No. Z in October 195g. This cable
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was replaced by KT I  (new), 530 f t  ln length, in late October 1959 so

that thb switch box could be located on the top of the dyke. The new

cable was placed lrnrnediately adjacent to the original cable at 3 depth

of 20 ft. A short auxillary cable was attached to the maln cable at the

junction box to rneasure water ternperatures, Ground ternperature

observat lons were rnade on both cables unt i l  I l  Apri l  I960 when KT I  (old)

was salvaged. In October 1958 cable KT Z was instal led in the reservolr

,to a depth of 20 ft, about 200 ft frorn East Dyke No. Z. llhe location of

these cables is shown in Figure 10.

A11 cables were placed in 4- in.  hand-augered holes. Frozen

ground was broken up using a chopping bit and the cuttings were rernoved

with the auger. After,the cable had been installed the hole was backfilled

with well-tarnped sand and clay, and the rnoss cover was replaced around

the cables at the ground surface. Borehole logs and solL test surnrnaf leg

for each installation and for exploratory hole No. 667 are given in

Appendix A.

The lead cables for KT I  (new) and KT 2 were buried in a

trench L to 2 ft deep to the toe of the dyke. On the upstrearn slope of

the dyke, the cables were laid in a trench excavated through the heavy

rock rip-r6.p to a depth of about 3 ft frorn the toe to the shoulder of the

dyke.

At the tirne of installation Cables KT I (old) and KT 2 wdre

located in undisturbed areas, i .e.  wooded, but dur ing the surnrner of

I959 the forebay, in whichthese cables are si tuated, was cleared of al l

b rush  and t rees .

Undisturbed Area

In October 1958 cables KT 6, 7 and 8, which are attached to a

cornrr lon switch box, were placed to depths of.20 f t .and posit ioned 30 f t

frorn each other to forrn a right angle with cable KT 7 at the centre

(Figure 11) at a locat ion near exploratory borehole No. 668, approxirnately

450 ft downstrearn frorn East Dyke No. Z. These cables weie installed

fue hand-augered holes ln a sirnilar rnanner to those in the reservoir.

They are located in an area that has not, and will not, be cleared of

forest cover so that i t  is t ruly representat ive of undisturbed condit ions..

Borehole logs and soll test surnmaries for each installation and for

exploratory hole No. 668 are glven in Appendix A,

5 .3 Dvkes

5. 3. I  Gables and Gauge s

Three holes (No. 682, 683 and 684) had been dr i l led and sampled

ln detail during March 1958 at selected locations on the centreline of

5.2
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East Dyke No. z,  Therrnocouple cables KT 3, 4 and 5 and sett lernent
gauges KS 1-1  to  6 ,  KS Z- I  to  5  and KS 3-1  to  4  were  p laced respec t ive ly
to varying depths knmediately adjacent to these holes. Sett lement gauges
KS 4, 5 and 6 were placed to varying depths at selected locat loRe on West
Dyke No.  Z .  Both  Eas t  and West  Dykes  No.  Z  were  cons t ruc ted  dur ing
the perlod January to Mardr 1959. Al l  instal lat ions were rnade during
the  per iod  27  June to  5  Ju ly  1959,

A diarnond dr i l l  was used to bore holes for the lnstal lat ion of
cables and gauges through the dyke f i l l  and into the underly ingfrozen
ground. After BX casing had been wash bored through the f i l1,  the
therrnocouple cables were placed to the bottom of an ' tArr s ize hole; the
casing was then rernoved and the hole backf i l led with sand. The sett le*
rnent gauges were placed inside AX casing, which had been wash bored
to the desired depths in and under the dyke, the gauge foot was turned into
the soi1, the casing rerr loved and the hole backf i l led with sand.

At exploratory hole No. 682 (north end of East Dyke No. Zt
cab le  KT 3  and gauges KS 1- l  to  6  were  success fu l l y  p laced to  the  des i red
depths: KT 3 to z0 f t  below the or iginal  ground surface, and the gauges
at 5-f t  intervals of depth frorn KS I  -  I  at  5 f t  above the ground surface
(in the f i r l )  to KS i-  6 at z0 f t  below the or iginal  ground surface.

At exploratory hole No. 683 (centre of East Dyke No. Z\
di f f icul t ies were experienced that prevented placing al l  instrurnents to
the  des i red  depths .  cab le  RT 4  was p laced 6  f t  shor t  o f  the  d .es i red
depth  because bedrock  was encountered  and cav ing  o f  the  ho le  occur red .
Thus, instead of rneasuring ternperatures frorn the or iginal  ground
surface to a depth of 20 ft in the foundation rnaterial, the rneasuring
junctions are located frorn a point in the d.yke fii l 6 ft above the ground
surface to only 14 ft below it. In an atternpt to prevent caving of the
ho le  and to  ass is t  in  p lac ing  the  cab le ,  a  length  o f  l - t / z - in  d ia rne ter
galvanized steel pipe was inserted through the dyke fil l and left in p1ace.
Thus, the top seven therrnocouple junct ions in this cable are enclosed.
in steel pipe. I t  was proposed that s ix sett lernent gauges be instal led
at this loiat ion. Large boulders (or bedrock) were encountered.,  howevef, ,
and prevented placing the deepest gauge. AI1 other gauges were placed
at S-f t  intervals to the desired depths -  f rorn Ks z-I  at  5 f t  above the
original  ground surface ( in the dyke f i l l )  to KS z-5 at a depth of l5 f t
below the or iginal  gfound surface.

At exploratory hole No. 684 (south end of .East Dyke No" z)
di f f icul t ies were also experienced. that prevented the desired placernent
of the cable and gauges. Cable KT 5 could only be placed to a depth of 12 f t
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below the or lgfueal ground surface lnetead of the l5 f t  proposed becauee
the hole caved in, i.e. it was 3 ft short. Thus, three of the therrnocouple
junctions are located at I -ft intervale in the dyke ftII above the grorrnd
surface. Again, a length of l - l /z- in.  diarneter galvanlzed steel pipe
was inserted and left in place in thls hole, so that the top eight thermo-
couple junctions of the cable are enclosed by pipe. G"ly four of the
proposed f ive sett lernent gauges could be lnstal led because the deepest
gauge could not be placed in the stony til l encountered at a depth of
about l5 f t .  The other gauges were placed at the desired 5-f t  lntervals
frorn KS 3-l at the orlginal ground surface to KS 3-4 at a depth of 15 ft
below the ground surface.

The positions of alr cabres and settlernent gauges h .East
Dyke No. 2 as at l1 July 1959 are shown in Figure lZ.

The three sett lernent gauges KS 4, 5 and 6 were placed
through the sand fil l to the orlginal ground surface at selected locatlons
on 

'West 
Dyke No. 2 without any difficulty.

AIl cables and gauges were lnstalled on a llne offset 6 ft
upstrearn frorn the centrel ine of each dyke. They were placed at these
locations so that they would not intersect the sand plles drilled below
the dyke.

5 . 3 . 2  B e n c h  M a r k s

Level surveys in the vicinity of East Dyke No. 2 were based on
ternporary bench rnarks during the constructlon phase of the project.
As these could not -be relied on for the long-terrn dyke settlement
observations, a perffranent daturn polnt was installed about ZOO f.t north
of the north end of .East Dyke No. 2 and 100 ft west of the centreline of
the dyke- This bench rnark consists of a 13-f t  length of I  - ln.  diarneter
steel relnforcing rod lnserted 9 in.  lnto a Z- in.  hole in a large boulder
(or bedrock) encountered at a depth of II ft. A cernent grout was poured.
into the hole around.the rod to within 5 ft of the ground. surface and the
hole was then backfilled to the surface with soil. This bench rnark (8. M. ZEI
is the prlmary daturn point used for all East Dyke No. Z settlernent
observations. Ternporary bench rnarks were used. initially for level
surveys on 'rvest Dyke No. ?, b:ut when these proved to be unreliable a
permanent daturn point was installed in October 1960 in a rock outcrop
about 400 ft north-east of the north end of the dyke anda1l observatlons
on 

'W-est 
Dyke No. 2 were rnade frorn thls bench rnark.

5. 3.  3 Frost .Lndlcators

- 
During the course of a drill lng and sampling investlgatlon carrled,

out frorn 27 Marchto 6 April 1961 to d.eterrntne the depth oith"* under
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East  Dyke No.  2  and the  reservo i r ,  th ree  f roe t  ind ica tors 'were

instal led adjacent to the instrumentat ion prevlously placed in the dyke
(Kf '  3 near IS.T 3, KF 4 near KT 4 and KF 5 near KT 5),  and one, KF 6,

was instal led in the undisturbed area near cable KT 7. At these locat ions

holes of.  2-t /Z- indiarneter were dr i l led and sarnpled to varying depths

2to  3  f t  be low the  pos i t ion  o f  the  per rna f ros t  tab le .  An t rAr r  s lze  ho le
(t- l /4-In diarneter )  was then bored below thls point to d.epths of f rorn

26 to 39 f t  below the top of the dyke or the ground surface. The Z/+- in.

diameter protect ive plast ic casing for the indicator was then inserted

in the borehole, which was backfilled with sand (and clay in the undisturbed

area) ,  The loca t ions  o f  the  th ree  f ros t  ind ica tors  p laced in  Eas t  Dyke

No. Z are shown in Figure lZ, and that of  KF 6 in the undisturbed area
in Figure I l .  Pert inent detai ls of  the indicators are given in Table IV"

6.0 OBSERVATIONAL PROGRAM

The observa t iona l  p rogram

various aspects of the dyke studies

including the types of observat ions,

the frequency of observat ions, rnay

of  Bu i ld ing  Research .  The s tud ies
three  separa te  head ings :

reguired to obtain lnforrnation on the

at the Kelsey Generat lng Stat ion,

the procedures to be fol lowed and

be obtained by writJng to the Division

out l ined rnay be considered under

( a )

(b )

( " )

Meteorological  obs e rvat ions

Dyke rnovernent observat ions

Ground ternperature ob servat ions

These are  br ie f l y  descr ibed in  the  fo l low ing  paragraphs  and
surnrnarized in Table V. A11 observat ions are recorded on special  forrns
and copies are sent to al l  part ic ipants.

6 . I  M g t e o r o l o g i c a l O b s e r v a t i o n s

6.  l .  I  A i r  Ternpera tures

Maxirnurn and rninirnum air ternperatures are to be rneasured at
Ieas t  once a  day  (a t  8  a .  m.  ) .

6 .  L .  Z  Prec ip i ta t ion

A record of the total  precipi tat ion that occurs at the si te is to be
kept,  including the date on which the precipi tat ion occurs, the forrn (raln,
snow or both) noted individually, and the quantity (in inches).
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6 . 1 . 3  S n o w  D e p t h  a n d  D e n s i t y

Snow depth and density rneasurernents are to be rnade weekly
(at the sarne tirne as ground ternperatures are read) at the locatlon of
therrnocouple cables KT I  and KT 8, l .e.  on the reservoir  lce cover
and in the undlsturbed area.

6 . 1 . 4  I c e  T h i c k n e s s

The thtckness of the ice cover on the reservoir  near cables
KT I  and 2ls to be rneasured weekly or sernl-rnonthly.  Dif ferences ln
ice  cornpos l t ion  (u .g .  s lush  ice  versus  so l id  b lue  lce)  shou ld  a lso  be
noted.

6.2 Dvke Movernent Observat ions

Observations of dyke rnoverrrents are to be rnade at two-week
lntervals by rneans of level surveys on al l  sett lernent gauges on East
and west Dykes No. z.  Readings are to be taken on the top of each
gauge to the nearest 0.01 of a foot,  and the level c ircui t  c losed to withln
0.02 of a foot.  A11 surveys are to be rnade frorn, and closed. on, the

Perrnanent 'bench rnarks establ ished at the north end of each dyke. The
elevat ion of the top of the plast ic casing at each gauge is also obtained
every second observat ion day.

6.3 Ground Ternperature Observat ions

Ground ternperature observations are to be rnade weekly at all
therrnocouple instal lat ions, preferably using the rnodif ied ele ctronlc
ternperature indicator.  When access to the instal lat ions by vehicle is
di f f lcul t ,  the portable precision potent iorneter rrray be used. Frozen
zones in the dyke and ground are to be observed weekly,  at  the sarne
t irne as the ground ternperatures are read, by rneans of the four frost
indicators instal led in E. Dyke No. z and, the undisturbed area.

Ground temperatures have been recorded at cables KT l ,
2,  6,  ? and 8 since october 1958 and at cables KT 3, 4 and 5 since
July 1959. Dyke rnovelnent observations have been rnade on al-
sett lement gauges since July 1959. Frost zone observat ions 'were begun
in Aprt l  1963.
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TAI]LE I

CLIMATIC SUMMARIES FOR

WABOWDEN THOMPSON KELSEY AND GILLAM MANITOBA

MONTHLY AVERAGE OF DAILY MEAN AIR TEMPERATUR-ES ('F)

AVERAGE MONTHLY PRECIPTTATTON (rN. )

AVERAGE MONTHLY RAINFALL (IN. )

AVERAGE MONTHLY SNOWFALL (rN. )

NOTE: PERIODS OF RECORD

WABOWDEN

THOMPSON

KELSEY

GILLAM

1944 - 196r

1 9 5 8  -  l  9 6 r

r 9 5 8  -  t 9 6 0 ,  L g 6 z

t 9 4 3  -  1 9 6 1

Jan . F e b . Mar . Apr i l M"y June July Arg. Sept . Oct . Nov, D e c . Year

- L O .  Z

- 1 3 . 3

- r 4 . 0

- 1 4 . 3

- 4 .  I

- 6 . 8

- 1 0 . 0

- 1 0 . 6

8 . 9

8 . 2

7 . 0

2 . 6

2 7 . 7

) 1  7

z r .6

2 0 .  ?

4 3 .  5

4 0 .  5

? q q

J O .  O

5 3 . 5

5 2 . 6

5 4 .  Z

4 8 " 5

6 2 . 4

6 0 .  3

6 r  . 7

5 9 . 4

5 7  . 2

5 6 .  0

5 7 .  0

55 .  Z

4 8 . 4

4 4 . 3

4 7  . 8

4 5 . 7

3 3 . 3

3 1 .  I

3 3 . 1

3 r .  6

1 3 .  8

.  9 . 3

8 . 2

1 0 .  z

- 3 . 3

- 5 . 8

- 6 .  z

- 8 . 4

z 7  . 6

2 4 . 9

25.  o

23.  I

u .  b b

0 . 3 I

o .  4 6

0 .  5 2

0 . 4 0

0 .  3 9

v .  6 l

0 .  8 9

0 .  6 7

0 .  8 1

0 . 9 4

0 .  6 0

I . 3 8

1 . 4 3

0 .  9 8

3 . 0 5

l o "

l . 7 I

2  
" r

z .  t 0

J .  o tJ

2 . 7  5

r .  z4

2 . 4 9

2 . 4 5

2 . 5 4

2 . 4 6

l . 0 z

l .  9 9

l r 0 g

0 . 8 5

t . 4 5

l .  0 5

0 . 5 1

I .  3 8

0 . 8 6

1 7  . 9 4

r 6 . 6 4

1 6 , 4 4

U

0

0

0

0 .  0 2

0 .  0 I

0 . 0 6

0 .  l 0

r . 2 4

u .  o r

2 . 9 6

l .  6 6

3 .  Z l

3 .  6 8

2 . 7  5

2 . 4 6

2 . 4 4

2 . 3 8

0 .  5 3

0 . 5 1

0 . 0 6

0

0

0

r  5 . 37

t I . 4 l

6 . 6

4 . 6

5 . 2

? o

6 . 0

6 . 6

7 . 5

5 . 0

r . 4 0 . 9

0 . 5

0

0

0

0 . 0 3

0 .  I

0 . 8

3 . 9

5 . 8

7 . 9

r 0 . 5

5 . r

8 . 6

4 5 .  6

5 0 . 3
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TABLE IV

SUMMARY

FROST S{DICATORS

Location
' 

Dyke

Chainage

Installed

LENGTH ELEYATION

Tubing Cas ing ftn Dyke Top of

Dyke

Bottorr of

Casing

EAST DYKE No. 2

KI' 3

KF4

KF5

z  +  26 .5

6 + 92.9

12  +  19 .4

6 .4

3 .4

4 .4

b J

6 3

63

31 .4

38 .  3

26 .5

30  . 7

37  . 0

25 .8

29 .4

35 .8

24 .9

61r .0

6TT.+

511 .5

58r .6

s75.6

586.6

UNDISTURBED AREA

KF6 z0  f t  N .w, ,
KT7

4 .4 -  53 30 .  i 29.  r 26.9 500 .0 573 . t
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Figure 5 Ice Segregat ion in Varved Cla.y

October 2, 1957

Figure 6 lce Segregat ion in Varved Clay

March  20 ,  1958
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