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" R.M.HARDY & ASSOCIAYES LTD. 

INTRODUCTION 

At the request of Mr. J. Quong, P.Eng., Manager of 

Technical Services, Departmerit of Public Works of Canada, 

Whitehorse, Yukon Territory, R. M. Hardy & Associates Ltd. 

undertook a geotechnical investigation along part of the exist­

ing Dempster Highway between Mile O and Mile 78. This report 

deals only with the site of the proposed bridge over the Lower 

Blackstone River. 

The location of the bridge is shown on Drawing No. 

7008-7-2 "Lower Blackstone River, Site Plan" dated January, 1975. 

The site is covered by Aerial .Photogr.::..phs 
- C>N oRiG. .. N~\.. ~oVo-&ev 4: . 

/ 
!_he cross.2:.!lQ.. is located approximately 320 

the existing bridge. 

No. Al8137-56 and -57. 

feet downstream from 

A report entitled 11 Geotechnical Investigations, 

Dempster Highway, Mile 0-78" has been previously submitted to 

the Department. The geotechnical conditions along this section 

of the route are discussed in Volume I while Volume II contains 

information on permafrost in the area of a more general nature. 

We recommend that these vol um(-s be read in conj unction with 

the text of this report. 

DRILLING AND TESTING 

Six test holes were drilled at the site during 19.69 
'ScvTU. 

and a further test hole was drilled, on the right bank, in the 

fall of 1974. The locations of these test htiles are shown on 

the above mentioned Drawing NO. 7008-7-2. The drill rig used 

- 1 -
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during the 1969 program was a rotary drill r ig using diamond 

bits and NX rod. No other details on this equipment are 

available. The drill rig used during the 19 74 program was 

a Mobile B-40L auger with a 20 foot stroke which was modified 

for rotary drilling using water and mud as the drilling fluid. 

Samples were obtained at frequent intervals us ing a split-spoon 

penetrometer and these sample s were used for water content 

determinations and material identification. 

All samples were shipped to the Department's labora­

tory in Whitehorse for laboratory testing. Logs of the test 

holes and laboratory data sheets are included in Appendix A. 

TOPOGRAPHY 

The proposed bridge is to cross the Lower Blackstone 

River approximately 1500 feet upstream from t he confluence of 

the Upper and Lower Blackstone Rivers . The s outherly approach 

to the bridge site lies across a flat, low-ly ing area while 

the northerly approach will require a cut, 0£ approximately 

2 3 feet in depth, througl1 higher ground. Gra vel pi ts have been 

developed on the northerly sife of the river ~ 

The width of the Lower Blackstone River, measured 

at the water line, was approximately 125 feet at the indicated 

According to the above mentioned drawing, . w1·'5 
the maximum depth of water observed in the water course was ~b -nk-"-'? 

approximately 6 feet. No infor~ation is available from the 

width o depth of the water course during t he height of spring 

- 2 -
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runoff or d uring heavy rain. The vertical di stance from t he 

proposed b r idge deck to the bottom of the creek is approx ima t e l y 

16 feet . 

SOIL AND PERMAFROST CONDI TIONS 

The typical soil prof i le a t this b r idge site consis t s 

of organic material overly ing coa rse granular material rangin g 

in size from sand to boulde rs with much of t he material being 

silty. There is some indication of stratifica tion which was 

probably due to sorting b y running water dur ing the deposition 

of the material. However, it should be noted that cobb les a nd 

boulders were reported from v ery shallow dep t hs down to 87 feet 

in Test Hole 74-1. 

Because of the t y p e of drilling carried out, and the 

difficulty of obtaining representative sample s, the precise 

extent of frozen ground could n ot be determined. However, f r om 

the drill hole information available and an examination of t h e 

aerial photographs and other information ava i lable on the area, 

we believe it would be s&fe to assume that permafrost extends 

to depths of at least 100 feet on eithe r side of the river a nd, 

very possibly, to depths of several hundred feet. It should be 

noted that ground polygons can be observed q u ite close to the 

bridge site on both the north and south side s of the river. 

Furthermore, .the location of the site, the e l evation (3220 feet) 

and the conditions of the local vegetation a ll indicate sev e r e 

permafrost conditions. It is prob~ble th~t the permafrost 

- 3 -
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table has been d e graded with i n the r iver bed al though the 

depth of p e rma fro st degradation cannot be determine d. 

DISCUSSION AND RECOMMENDATIONS 

The results of the drilling program , other observa­

tions in the field and theoretical calcualt i o n s lead us to 

conclude that p e rmafrost ext e nds t o consider a b le depths in 

this area. The size gradat ion of the soil ma t erial and the 

ground tempe rature conditions c ombine to prod uce a dense har d 

material into which it would be practically i mpossible to drive 

steel piles using conventional methods and e q uipillent. As shown 

on Page 34, Volume II, of our g e neral report on the Dempster 

Highway, the strength of frozen granular so i l s increases very 

rapidly with d e creases in tempe rature : 

It is probable that the soils a t t h is site are t haw­

stable that is, "no detrimental settlement o f structures would 

normally be anticipated if thawing occurred . " (See Page 15, 

Volume II). However, should the bridge be p l a ced on piers and 

abutments suppor ted by conventional strip or spread footings, 

we believe there is a possibi ~ity of differe n tial settlement 

occurring and that it is impossible, at thi s time , to estimate 

the probable magnitude of such settlements. 

We therefore recommend that two possible foundation 

systems be considered for this bridge site. The first system 

would consist of steel H piles which would h a ve to be placed 

by means of a procedure comb ining both conve.n tional driving 
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and steam thawing. We believe it would be possible to drive 

such piles by pre-thawing the g r ound using s team jetting a n d 

then driving the steel H piles using a convent ional pile driver. 

Using this method, it is commonly found that t he operator of 

the steaming equipment will cre ate a thawed zone around the 

center of the pile location which is much larg er than would 

be required. Very often, excess ive thawing may be required to 

penetrate past a boulder. Furthermore, diff iculties in keeping 

the steam point at the required location would be e xperience d 

due to the presence of the boulders mentioned above. The refore, 

constant supervision will be required ?referab ly by a supervisor 

who has previous experience of steam thawing t echniques. 

Experience has shown that pi-le holes which are formed 

by steaming may take several months to freez e back. It would 

therefore be preferable to have the pile foundation placed at 

least six months before commencement of construction on the 

bridge superstructure. 

possible. 

However, such a schedule may not be 

The capacity of piles driven into t h awed permafrost 

cannot be computed by means of any known formula. The preferable 

system of determining the capacity of such a p ile would be by 

means of carrying out several load tests but t he cost of carrying 

out such tests would almost certainly be e xcessive. We therefore 

recorrnnend that the capacity of the piles be computed by assuming 

an allowable shaft friction of 1000 psf on t he gross perimeter 

- 5 -
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inch steel H pile would 

have a gross perimeter of 36 inches). The top 10 feet of pile, 

in the case of piles driven on the shore, should be assumed to 

carry no load. In the case of piles driven to support piers 

in the water, the probable depth of scour should be determined. 

In northern locations, jacking of piles due to seasonal 

freezing is often experienced. This situation can occur in the 

case of piles driven into thawed holes where the soil surrounding 

the pile has not refrozen at the onset of the first winter 

following installation. Jacking of piles can also occur where 

the ground has refrozen but the ratio uf the length of pile 

embedded in permafrost to the depth of seasonal froze penetra­

tion is too small. We recorrunend that the minimum length of 

piles driven on land be 30 feet, measured from the ground 

surface. In the case of piles driven in the water bed, the 

minimum length of embedment should be 20 feet plus the depth 

of scour. 

Piers and abutments could be placed on spread footings 

but some differential movement should be expected. It may be 

economical to follow this type of design and make provision for 

adjusting the height of the bridge girders as required. Spread 

or strip footings placed in the gravel on dry land should have 

a minimum depth of cover of 8 feet measured from the bottom of 

the footing to finished grade. An allowable soil bearing 

pressure of 8 ksf can be used. In the case of strip or spread 
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f ootings placed in the river bed, t he allowab le s oil be aring 

pre ssure should b e 4 k sf wi t h t he base of t he footings p laced 

a t least 5 feet b elow t he bottom o f estimate d scour depth. 

In the case o f a butme nts, the late r a l force e xerted 

agains t the back of an a butme nt by f ill c a n be computed by 

assuming the backfill to be a fluid with a density of 60 pounds 

per c ubic f oot , where the backfill i s not compacted, and 75 

pounds p er c u b i c foot whe re the backfill is compacted. 

In d r i v ing steel H piles in pre-thawed holes it will 

proba bly be f o und that the piles will drive more easily than in 

convent ional s oil condi t ions. However, .because of the presence 

of boul ders and cobbles, we recommend that the weight of the 

pile d riving hammer shou ld be at least twice the weight of the 

pile be ing dr i ven. (If a diesel hammer is used, the weight of 

the hammer should be at least equal to the weight of the pile). 

We s u ggest that the points of the piles be reinforced with flang e 

plates fo r a distance equal to 1.5 times the size of the pile. 

Alternat ively, the points can be reinforced with driving shoes. 

Piles may be designed for the full structural strength 

of t h e pi l e section acting as a column for that portion of the 

pile abov e final ground surface, The design load will depend 

on t h e a llowable stresses in the pile above grade, the length 

of p i le abov e grade and the arrangemen of late~al bracing. 

Consideration shduld be ~iveri to using battered pilei on the 

outs ide o f t he pile berits in orde~ to provide increased lateral 

- 7 -
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r esistance . 

If a d r op hammer is u sed in driving piles, care should 

be taken that the energy delivere d to the pile is not greater 

than 50,000 f oot pounds per blow unless calculations show that 

the pile can saf e l y take higher impact stresse s. 

One of the problems fac e d by bridges is the possibility 

of log jams occuring which can cause partial or complete f a ilure 

of the bridge . Log jams are only likely occur where trees tra vell­

ing down the r iver have a greater length than the clear span of 

the bridg e. It is extremely unlikely that t rees of sufficient 

height are grc wing upstream of this bridge s ite. However, we 

suggest that the height of trees growing adj acent to the river 

upstream of t h e bridge site should be checked and, should it 

be observed tha t there is a possibility of trees of sufficient 

size being washed downstream, such information should be con­

sidered by the bridge designer. 

Embankments constructed below the h ighest expected 

flood level should be protected with riprap . 

F.C:===~::.~-~·~:.:'=."'~- -- -, 
THE. ASSOCIATION OF j 

PROr-ESS!ON.t,L ENGE'fo:RS j 
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APPENDI X A 

Test Hole Logs and Laborat ory Test Data 
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DRILLING RECORD 
DeMpster Hwy. P.ile 72.2 

PROJECT Lawer R] a cks± one Si Yf'r 
PUBLIC WORKS, CANADA 

PACIFIC REGION 
DESIGN/ CO~JSTRUCT!ON 
CIVIL ENGINEERING-YUKON 

HOLE NO. 

LOCATION 

69-4-1 DATE July 21-30 / 6( 

s_e..e__El an 

DEPTH 
Diamond Dri 11 m:: Rod 

ELEVATION------

DEPTH 
FROM TO 

0 

1t• 

1t1 

50' 

DRILLING NOTES 

SOIL DESCRIPTION 

Organic material 

Silty sand, grey 
Gravel & cobbles, some boulders 
up to 2' 

SAMPLE RECORD 

DEPTH 
fROM TO NO. TYP[. 

50' 

I 
01. , O N I 

RECOV. VALUE I 
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PUBLIC WORKS, CANADA 
PACIFIC REGION 
DESIGN/ CO~JSTRUCTION 
CIVIL ENGINEERING-YUKON 

DRILLING NOTES 

DEPTH 
FROM TO SOIL DESCRIPTION 

0 t• Organic material 

DRILLING RECORD 
Dempster Hwy. Mile 72.e 

PROJECT --.Li..i.Oµ,.W~e..:.r-JB;J..,lll.Lla.cckr...s;;,..,tLA,,OwDLC.8.....JRu..:iuY~e.Lr_~~-

HOLE NO. 69-~-2 
LOCATION ___ _,,S=e....._e...,P._..l=a=n _____ _ 

ELEVATION----- DEPTH ----,5,,..,_0,_I __ 

SAMPLE RECORD 

DEPTH 
FROM TO TYPE-

% N 
RECOV. VALUE NO. 

t' 50' Silty sand (grey) Gravel & cobble. 
Cobbles 3-8" 
Some bo~l~ers up to li-' 
Medium to coarse gravel 
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PUBLIC V/ORKS, CANADA 
PACIFIC REGION 
DESIGN I CO~JSTRUCTION 
CIVIL ENGINEERING-YUKON 

DRILLING NOTES 

DEPTH 
FROM TO SOIL DESCRIPTION 

DRILLING RECORD 
Dempster Hwy. ~ile 72.8 

PROJECT __._T ...... ,o-w ...... er..._._B,..,l .... ac ...... k,...s ....... t ..... o~ne.___..R ..... j,..,,_v.c..er.___~~ 

HOLE NO. 69-4-~_,J.....__ DATE -..Iuly-2J.-=30i6< 

See Plan LOCATION 

ELEVATION----- DEPTH ____ ?.,,,_51_ 

SAMPLE 

DEPTH 
FROM TO NO. 

RECORD 

TYPE· 
o;o 

RECOV. 
N 

VALUE I 

O' l' Organic material & sand (silty) 

l' 7 t Fine to coarse sand, brown 5' 6' - SPT - 81 
(Frozen) for 6 1 

71 25 1 Fine to coarse sand & gravel 
Sand-brown 
Cobbles 3-8" 
Some boulders up to 1-!' ! 
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PUBLIC WORKS, CANADA 
PACIFIC REGION 
DESIGN/ CONSTRUCTION 
CIVIL ENGINEERING - YUKON 

Di Pmrrnn Dri 11 NY Prvl 

DRILLING NOTES 

bEPTH 
SOIL DESCRIPTION FROM TO 

0 

5' 

5' 

25 1 

Organic material 

Sand (brown) 

Fine to coarse sand (brown) 
Some fine to medium gravel 
Cobbles 3-8 11 

Some boulders up to 1t1 

.._ _ _.,_ __ L..-__________ ~ 

DRILLING RECORD 
Dempster Hwy. Mile 72.8 

PROJECT Lom-ir Blackstone River 

HOLE NO. 69-4-4 

LOCATION 

DATE Ju]y 2)-30/H) 

See P+an 

ELEVATION----- DEPTH ---"'2'--<-5_1 _ 

SAMPLE RECORD 
DEPTH 

FROM TO 
% N 

RECOV. VALUE NO. TYPE-
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PUBLIC WORKS, CANADA 
PACIFIC REGION 
DESIGN/ CONSTRUCTION 
CIVIL ENGINEERING-YUKON 

DRILLING NOTES 

DEPTH 
FROM TO SOIL DESCRIPTION 

DRILLING RECORD 
DE?IJ'STER HWY • Mile 72. e 

PROJECT Lower Blackstone River 

HOLE NO. 69-l-5 DATE July 21-30 /6 

LOCATION See PJan 

ELEVATION------ DEPTH __ _,_50>£..-1 __ 

SAMPLE RECORD 

DEPTH 
FROM TO 

0/o N 
RECOV. VALUE NO. TYPE· 

0 t• Organic material (Reddish brown) 

t' 2' Sand & gravel. Cobbles 3-5" 
Frozen 

2' 4' Sand&. clay mixture. Clay-grey to 
light brown, frozen 

4' 17' Gravel & silty sand. 
Cobbles 3-6" 

17 1 50' Silty, sandy gravel 
Cobbles 3-611 

Some boulders up to 2t1 

Very hard drilling 
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PUBLIC WORKS, CANADA 
PACIFIC REGION 
DESIGN/ COr"·JSTRUCTION 
CIVIL ENGINEERING - YUKON 

OEPTH 
FROM TO 

O 4' 

4' 25' 

TH Amr,-nn n,..; 11 ).lV 'qr"ln 

DRILLING NOTES 

SOIL DESCRIPTION 

Silty, sandy clay with some 
organic material mixed in. 

Frozen 

Sand & gravel. Cobbles 3-5" 
Water loss at 12 1 

DRILLING RECORD 
Dempster Hwy. Mile 72.8 

PROJECT ___.L...,o"""'"''""'e""'r_B=l...,a=c=k....,s-"-t~onl:,!e~R,...i.:1..Ye;;,_,! r"-----

69-'l.-6 DATE J~O_L6_9 HOLE NO. 

LOCATION See PJan 

ELEVATION------ DEPTH 50' 

SAMPLE RECORD 

NO. TYPE· 
0/o N 

RECOV. VALUE 
DEPTH 

FROM TO 

25 1 35 1 Gravel, some sand. Cobbles 3-5" 
Some boulders up to 2*' 

35 1 50' 

Hard layer from 28 1 -29 1 

Water loss stops at 2%1 

Sand & gravel. Cobbles 3-8" 
Some boulders up to 2t1 

Very hard drilling 

! 
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. PACIFIC REGION 

c-S--·· c-··-~ -·-. --·--·. ---- ~-.. -... - ~--- --·-1 ~-- -- .-_-.. ....; ·-·-----~ 
· · REC,.,,·,oc, ___ 9_ft::;,J,q_swOc_ ~JRAO P~o.,)AM' c:J ___ J =c J "~.:J '=:J =.J. 

DRILLING AND LABORATORY --risnNG···-- liOLE NO ____ L ____ Of.TE .t:.~<:,,..J..--~1..J1.. ' ; 
DESIGN/ CONSTRUCTION 
CIVIL ENGINEERING -YUKON 

!lRILL,f,G NOTES 

WHITEHORSE QUALITY CONTROL CENTER, WHITEHORSE, Y. T. 

LABORATORY TESTING 

LOCt. TION :}::,~~'!;."!'?.,.EL....~g~- 1"111..E;_"11,-_e. 

ELEVATION------- SliEET ....l._ o, ....1.._ 

.. (CN~I\IICAI. A"4ir.Y~'$ ~ -----···- ---·-~····· ·,---1·-·-1·-·-·1--·-1oi~ r.;;, CONS•STE.CY -.:~TS ~ 
PL! 1:tE.NT1F1CATION DATA w ~2 I ~ ~ :: ~ I ~ ~ ~ ! ! ~ ~ V t- ;; I hT( PASS,fll!i _ « w .... 0 o _ ._ _ U ~ oa: ct , 1o. w z 

O 
_ 

0 
w ~ , 

HOLE c:::PTH 1 ~ ~ I 5 ~ i ~~ ~ I ~ ! : : a::~ le~ E . ~ i ~ i 11 ~ ~ i I :::: f n 
TY?C' OF ORiLL - I s:utPLt O ... e g i ~ ~ I f o. I ~ ~ I :: ~ t $ 0 ~ I ;; _, I t. .,j t. - : '" 11'1 2 • 2 I . 

- D(PTH .;j ~ ~ i ~ . ...L_ _____ I •••. ':. ~--~---l ' J ' g . • ,; I • • WATER LEVEL--------·--·- IFT I C +- I ~ ! ---,---1-ces- ; ;' ~' .i..U... i a,
0 

! % ! % v · ,· ' f z , r r ' ··- l FROM f 10 i _. I ~ j % % I I · cu.Ti I l FT ' S(. fT DEPTH l 501L OESCfilPTION 1 , JFTJ 

o~(qO..N\<.. 
- ~nd~ -.., I+ , 'Tro.<.11. c:la.~ 

~Vz.' 1--:-----------
~~-.Je1... 

- -.,.\\'."'\ "lA.-><!'i :,""'" .. \ 
- ~ ... ,.i. .... ,., \ c....,\,~\t.'!,, 

Nc,,-,t• ? ............ .t .... -\- J;...,.., ~· 

i 

s, ! ~------------~ I s,1...,.., -s ....... l':, 
- oocl <.o.,,...,, ... 
- -.....-a . ...-.cA ~ ..\'.,nc. <>{0:,.-, 

\OS 
"Bo,,.,.6"" c.i: \\o.._e: 

1 f T · · · 1 1 1· · · ·-- -[- 'j · ·-· r , , : j \1 !1 I t r t' { ~= f: I :-r-1- -r - . I : -- :·-~:-1 -r: r:: ~- .·· ' -=~ ~:r=1:::·.1 I I 

-~~:·,. ,;xi ·+"'Je;~, __ :J_· ::l:I ::. ! - !•oo/{--r-r:-:_/s.e '"" j 1>:." ·. ~~-~1~01$~;:u.~ 
-~i t·,~{·

1
1···2.i~~. l'cli'2.'

1 

..... L.. ___ j :. 1
1
· 1 ··· · !5:)1~1 · r ·_·-~ 1··- .! N.P. i~p~~: 1\· .r ~- l~-~i~;r;.;~ 

I I I I I I I I ' I : l ' l I ' • ···· -, · -· ·+·· 1 t' - ·· ·· ·- · · · 1· .. r- -. -- , . 1 1 I 
1 

· 1 · p - -· t- -~- -t · ~- -· 

l 
l~uZoY2~~-r:,l>T r~\I~ ---·+·--··· . ·-- ~-- ... ~--· -·- /' ... :Soj~ !_ ... _ f' .. j . /tP. .. iw- . •_l _ r-·-f],'tfU,~1t.o:i.1~'-

3c:,- ·;~-4-··-!;?,=·1'c\ ...... ! .... 1·· ··I ·· -·-- 15c·4" 1
. _l ___ . ·-·1 P.·, ~ /-1--=-t~T~ f~~-. 

·- / _ . ·I -1- --. · · · · · l .. · .! · · -- - I I · ·. · -~1--· -··-,--+---
_ .. _ ...... __ --·-·· .... ·· 1l1So/~ ,,, ··--·-~-----· I •• - - ... - .fl • V. : , i . ' 

---1- - ·1 . , 1· .. i ----· - - .. .. . ·- T - -- ···-- , ...... -1 -- ..... -.. -. . . -·· . ;· ·----r-r-·r--r-
' '5o J'.;>J\, __ <., +s.....~_.'Qlll.;, ·.----- -·- .----- ---·· ---- ___ 1So/2.\ ---· -·----- t-1.P._ ~'-J. J\ .... =...l.~2~ f1"2.."\ iM} .. ,S?.d. 

[=- t ~~~L:~-""· . l f J -1-- - t ~,·I -r- ~ ) ~- ..,- ·,, -:-1..-r;;:.; ;:+-c+ 1·-·· - ·-· eJJ ____ T--·-l-- ·-·-r-···r· --·1· I tl ___ .. _t-=--J··-·--P~ -- ~ ·: _z__ ---t~~-- -~F 
--l- -·- -- ---- 1·---f ·-·-· -- --~- -~ -·--l .. --~ -. ·----- -· ,- . . 

....... ··· 1 · ·- ............. ----- ····-·- -·t· .. - ..... -·I· ·-t··· ----- . --- -- ·- --,-t---+--- --·- -·--··- ---·· ····-· -·-- ·-- ·----- -·· -~r:~-~+---~------ l 

f--i··--+-- -·-,·--- - -···I · ·····i··-~·-·· ··· ···· ··· ---- -----1--·- ···.· -- -- -·-J---+-f 
-·-· -· -·- --··-- --·--- --·-- -· --- -···-·1··-·-- ,--- --t-t-t 

-- -·i-= -·-i--1·- .r-+1· J3·····--rn· 33·~ t··i· t ~=-L t=t~ =1-· .... --~ ~~~t·-··-·-- --~-= -=-~-~~~~~ ~~ ·~-~: _--~- =:~ ·---· -=== ·-= ~= -=1+-t-1-· 
! I Ir- -- - -- --- ---· -- ·--- - --- ·- · 

LABORATORY 

I ONWG NO. 

DRAFTING 
LOGGED !£.!!fE' -··-- ~ECO'!QsQ 

°?,~~- DATE 1'.\>C,,..~ 01 -~-"-"'.~ DATE ~~<,.,._]_4, __ I oY __B..E,_ DATE ,_j~~';:, 
~ 

FIELD 

1>..,,_ ... ,.]i__ 1 ., "' y,.~ OAT[ 

~0.1CCT "0- _c.,T =-·----PLOTTED 

•• OAT( 

Df'WG "0 60-151 rs 1J·•o, 



___ [ ___ ;; .. _ .... ],_._r._ ..... ~'--~- • l i" ' I ; 1 l : J ) ~ ; • (, l , -~ ,, .. ~----···-~I ~-~ < _; l 

~ ~- c= c __ J C ... __'. C s-r:--::- L_J -'C_:J -c:J---c:J L_) c:J-L___]---:=J--=-:J-::--=J--·=--=:J-::--J-
=· =====·-=i:::.:··-:_-~:=·=~-~IZC: ANALYSt_s_· ---·--·-------J ~ i. ' N ~ GRAIN SIZE !N MILLIM:::.TERS O ,,.-. 

r:v·;-'o;.,F·1-.ER SIEV~--~'oFtNER I '10FINER --·.-:-io;;-FlNE~ 100~ ~ 0 ~ 0 

·-~ 
.JZE wc~:Hr .SIZE - \/~T s;l;VEE __ w~~CYHT . s~~li;::E .I w:i~~ ~ __ J ___ .. __ --- f=' ~ 1;· -+-+-
/ .. 11 '.·;- (' It, .. , ,··1 ,, 90 - .. ·-··· ·---------·· • .. - ~ I It' (~- iii~>-~it-~Ji.<'c. ----- - -- ---- --·-·-- ·----- -· -_er-· . - -= t--1-- 1·-~--1·-;} -*~~=fie:=. C2 -'+. =--·-- ·=--=-- -·· so -=· --=- =-. :::_ :=-1. -~ r -- ::: ·-j-:-_ . ·· 1 :-.c :: ::. ::H---~ .~ ~ "~--+- --- 70 -- --·- --- '-- -r- -1 L -, --1- ·-·-- --1--, 

L1 ·~u;;,-·~:~!=-= --= .. -~--·--·l i&o -= ==---=-·=:~ -4& =- --- ,~~-d.:: Jfl.::t 
;t~_-1:~ft=-__ t:_ ' ;"-__ ---=---_ --= ----n-r - --~J= ~-~~fl= 
--1--·---------·r-- ::: 40 - I I ==+ F ·-i -r-- ·-

I 
I °' - -- --1-+·· -- -~ _ _j__LI __ 

l\f>LE NAT I ~ --- --- . 4 , r 
:,o. l CLASSIF:cA TION L.L. P.L. f'.!. %W I S.G. I 30 --· -- ' ~----r-= :-:1_:1--1~.-r: 

-t=---~;~r=--~-- A\f. ~ zo - --- ---· - -~ 1_ -=-= l .c1:t:L 
=1-- ---- ---- -'- =-=---1 E -~--,'- _[ t ·1·- -~ r--t-L--___J_(~4ACC:J_J-4Y Sf'v'( 1 I===:] 10 

- --- - - ·- -- - ; --r --1-L.1.i_~--
cRus.-1 couNr "/,. I o · - ==- ~- ·--· -= J=. -L __ l __ _t_ --~_j-=i'=t=r·-

n: rROCflAPtlJC 
:=s------~ -----------··-·- ·--------------

~;~L s:.MPLE 
-------·------- -· ------· 

MATERIAL TYPE 

------·---· -------------·-··---_--;i--~-ASALT ··----------·----------------
l!I.ESTO:-IE 

RANI TIC 
·--- -- ·-·----------

--------·-·--- ---r=--~ .,Nosroi11e: 

Hf\LE 

-·- -=1 --=3 ------- -----
PARTICLE SHAP -

ou:ic: E ANALYSIS 

.:!_:-;O_UN::>- ·- ==f= __ J 
~~t'-lJL~'} __ ~----- -· --.-· . -·- ___ I 

~~-ANGVL.AR --- ·---

_,.AT __ s ___ ···-=- -r---- --- ,-------··-------·--r---·-. 
·-·-----·· -· ... __ _ 

CHIST 

UAftTZITE 

THE RS 

·~f OLI: S 

zoo 100 80 50 40 30 ZO 11; iO 8 4 3/e" !,2_' 5/.-• 1• 1\r;i 2• 3"-, 

CANA~·A lHA~OARL) SIEVI! s1z,;s 

[i;_~----~-T 
---·-·--·-------··--------

SArio GR,\YEL 
·-

PROJECT .6.t~r::q<~"lQ\s /?/l\:1 .&c_D_G E. 
LOCATION /?J/~~--~+;\~ ... ~crr:1~~r~,~--~~~y_ ........ ······ · 

HOLE NO .. / . .... ·x··· .......... :.·.::::::·. ::.:·.::::::· _ :::: :·:· :·:·. 
. DEPT!-J .9 1 ::-!0.' l '. ..................... FIELD No •. ./ .............. . 

Ls~~FT J 

I SAMPLE TYPE. £PT L____ ..................................... ······················ 

rLAB01;TO~Y'5 R~•J.ARKS ' 

~---·--·- -- ! D:.TE SAl.l?L_ll __ L:_=.{)- j_·4-..__ 
I . - ! '1--r---------:-· :.£.:'TE RECUV~?2(. -f. - { 4-

r--=-=-~---·-· ----- ---- ! DATE RECOHDEO / 4::::.::. / - '1-:s; 
:-------------- I . t- ------·-----------·---- , : Ji-5-:~£...!: .. ·21_<_~~~ )H -~T_r;:_ 
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·-·c-- L . :-·--c=--c--::~ __ __,-c-=]-~-..._ __ J-C-L __ :J--L:J--c:::::J-L_:J-::::J-:=::J-:=:-J--~-:1-· =-:"J--==:-J-'~ 
- --"' GRAIN SIZE ANALY~IS J --· GRAIN SIZE IN MILLIMETERS -.. , 

N It) -0- 0 ~ 
---- 0 0 N tO .... 0 ~ 

---,---- -----:r--- -1 ------ 0 ";) 0 0 0 • ( 
=v~ %FINER ··,~vf. 1'%Fl:-.JER SIE E %FINER "/.,FINER 1001· ! . . . "' 
- IC B'r - - . B'I' V BY SIEVE BY I -l- i 
.::-:- _:'_EIGHT _212

E -1· WEIGHT I SIZE WEIGHT SIZE WEIGHT l -"+ _J_ _ _j__ 
lj)' _L.._,:·.1:_ f ~-~L_· __ I >",",·.~-:.. -- 901 .. I --
, -·,-:.·.'./ <cc /f<,.-c - i 1 
:-::-- (·.;-:.J__t:icc 1;..'..:..0:_ so __ _ / _ _l __ -= 
1.2 ic'·' A· j 70 ~~ I -,---- ----:-·· ---t-·-- 71 4r-
~f [ :::·. '., I --r - ~" ~- __ -- _7·_ v_t· 

1 
[ 

::.. -~-' __ .. ____ ;____ ,_ __ +- .. - 0. GO----- - --~· L -. --a:· --!·-- - <I) t== . 
;2, ___ ..:'.::0 · ,, -- . _ ~ --1-- -- --- --~-~.-1- . 
,"'\ ... ;-,.~ .. ·+-· I <i: - ~- - . I/ --· -r- -

. . ' j i V ,_ - ·-----~, ----------r:r: w I / r I j' . I I ~ 40~,- ---~- V ·-+--+--- }- -· 

:~~E CLAS.ll·F.,CAo,CN L.L. I "· ,.,. i;:: I ·-~ ~" - -- ----T- -·-~ /,,.. / ,- •--:·:::1:.-.:t t=t 
.---1-, (.-,r/'\ ~ :~·- f__./' -r--rl-~L----

r-- ·----- . l_,.-J.---1--

~

__c.:.::::L-=-..'.:_..'.....'_I____ --· . ~.!.. -- ·- zo . . . - --=.v - -...-1-t-, 
------- , --- 1 1- Li 1 

_ ~-.::_::-Dr--)t, v 61fA . c.L '
0 ~-r-· 1= .=~- ~-- t[: =f-~--; ~ -r ~~--

cRus11 col!NT % o ' · --· _=:] - .. ..J._l _L.L_ =t_ 
--------. -------1 

----------------
PETROGRAPH:C ANALYSIS 

-----------------------------r--------
t..1:1TE~IAL TYPE % OF TOTAL SAMPLE 

\SALT ---------!---
MESTONE -------- --··------
,:t,r,dTH; 

\NCISTONE 

H>!..E 

;HIST 

Jl\'lTZITE 

fliER S 

):H~;J 

.le: -ROUND 

'lGIJLI\R 

JB-ANGULA>'I 

t 
!"Af'.TICLE SHAPE ANALYSIS 

~-----l 

.t.TS ------t---"'."'.:'"-. --
:c D~;;-----··-· . I- ___ _;_· ----
--~ __ ::__________ _L __ ~ -··-

200 100 80 50 •10 30 20 IG tO 11 4 3;8" i/1.' 3/A" J" I\'.~' :• ;;'' ~ 

CAIIAOA 6TANO.-RO SIEVE SIZES 
.-----,r---·---------r-----------------·--·- ·--·---------·--·--

CLAY SILT SANO GRWEL 
··- --- - --------

I PROJECT .. 04!'\::g~'TC<)E, /(,q,~£ -{_<ft,\f I;. . .. .... . 
LO CATlON ..l?J/~~-r;: .. ?f.J .. c5 .... ) ~?:'lf~~-:,Tf~/( /i ~.llY\ ............ .. 
HOLE NO .... / .............................. ··a· ................................ . 

/4 1-1s1:2' 2 ...................................... FIELD NO .................. -.-.. . 

LAf.. NO. 

81):Z 
DEPTH 

SAMPLE TYPE ... ;$/'.T: .......... ········ ....... ············ ............ . 

F TORY'S HCMARKS ~' I / ., '~ I . i 04TE SAMPLED - (' ·- { 4 
r---- .J . 1(. ~ '-
t-----· ~ ! DA!§_3EC_!'..!._VED ,./_ • -(':., ·- ~--._ 4 
!_________ ~ i ·- ~ 
L_ ______ . ! DATE RECORDED /4- - I - '.( -..::. 
I i---------------
r---- ~ ! Tr '"TEO SY l(_--'j<:_ ·-..\;::-- /\.:{ '· ·.)" ·~ ;: 1---------- :~-------- ,_"":-: ~ -~~-_:__, :__;;;,...:.: 
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--,--------i------·r----'-- - ---r------·-r--'--,_r---,_~~ ~- ~ I,---, ~ , r---'I :,---, 1...---, ,....----., ...---, l . -· ~- ~ L __; - -" .... _.J L J L __ J L ___ J 1,.______J--.._____J--L_______..1--·'------'--..________;·--L-__..i--L .. --A--L ____ ___.k'--c.. .... J--.__ ____ __r--,_ - -

1 ~•-, GRAIN SIZE ANALYSIS ~ ,~.. GRAIN SIZE IN MtLLIMETEflS .--., 
N .-, "l:J" 0 

------------·-·----- 0 0 (1,1 10 ,-.. 0 

~.~·%FINERl~-V-;---,1o.FINf.R E %FINE~1 ' o;oFINER1 1000 o o o o ..; 
. BY BY SIEV BY SIC::\ E BY - I 
~E WEIGHT SIZE __ WE!GHT SIZE WEIGHT SIZE. WEI~ 'B. ·-· , •/ ;·· 1·1.·1 . !>O /· l • '_ : j /t I • • ..!_ :r;- --,_~7---::.j-::~~ ::-· --': --. -") -· 
/·, ;,, ·~ j( ,_ -(,/,, =+ . t7-- -;.-,·-:-~- -'--·--- - ---- -- 80 

L,~ I I .) 

t~I '~.:·.:0' --=-·- __ -$· I 10 

.{ -1,-..,,.,. -- ' ~ ;-;.-- -~-. -. - .. --·-, .... -- --· --- -· i ao 
_,.__, _ .i.L.:_:.t. ___ __ ____ . ~ 

b ~y'1 /1 . < 
·-- --!..:....I.- ----- -·- [ a. eo 

' -1 ~' .... 
_( __ ._ ...... ~ j~ --···--- ----· ---- ~ ~-;r I NA-

CL.M:SIFICATl'JN I L.L. I P.L. I P.I. %~ - S.G. 

--1 ~uJ '"'r' I . I I " u< -
l~~J:4k'~sz1~I~..l-~1---L---~-.._, 

CP.USn COUtlT % 

------------ -

PETROGRAPHIC ANALYSIS 

tJATEl!IAL TYPE % OF TOTAL SAMPLE 

ASALT -----------·-------
11,1:'. STONE 
-------------
RAl'il TIC 
------·--·-···· ..j 
I\NC>STONE 

,HALE 

CHl5T 

1UAF!TZITE 

•THE RS 

----------t -~-

PART!CL~ SHAPE ANALYSIS 

ooso I -;;-~~------- - : I 
,>:GULAR 

:JS-ANGULAR I 
LATS I 
:',EDLES -t-------'·:,-----1 
··-- --- -------------------- -'-------- -

w 
~ 40 
w 
a. 

so 

20 

10 

0 

--1 
I /: 

I I/ +· -1- ,,,'/ 

/ ---t-
' / 

/ i --/ - ~--'--· - - - -[7 I --- ·-..__ .......... _ '- ~ ' /. 
... _ -~-i---- .. 

1_ - .. _ ·- -- --i -
--L--

\-- -Ftr~ --- '-·-'---
I - -

V --- / 
/ I Li 

~ ~ .. '+-r+ - ·-c---+ tr~ - . +-,-EH± ---1-- -
,._-1,.__--

200 ,oo 60 50 40 30 zo It' 10 0 4 %' y.;· ~,;· ,· l \.'2" 2" 3" 
CMJAOA STANDARO SIEV( 31Zla3 

CL.AV SILT SAN:) GRAVEL 

PRoJ:::cT .Gl.\(1;1<~r~~ .. 1c.,\..,:r::<' 1<.r:2.l](,:2 
1

, - "'-7 o.':... .... ·: ..... , .. ;·-,. .................... .. 

LOCATION .!? .. !~~S ... f.-~~:O .. >-1.)_t~,:~~~~~~,z hi..C '1~ .. ········ ··················· ,~AB~ 
~~ 

HOLE NO ... / ................................................................. ,. 
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0 R.M.HARDV & ASSOCIATES LTD. 

EXPLANATION OF TERMS AN~ BOLS 

USED ON TEST HOLE LOG SHEETS 

This column r e f e r s to the de pth be low the ground 

surface in f eet. 

Sample Numbe r 

Tube and core samples were numbe red consecutively 

from the surface. Grab sample s were not numbered. 

Sample Type 

This column indicate s the depth interval 

and condition of each sample attempte d. Und isturb ed 

samples in this program were obtained with Shelby · tubes 

of 18 inche s length and 3 inches di~~e ter, manufacture d 

from 11 gauge steel, or b y core drilling. Core s were 

of 2.85 inch diameter and up to 36 inches long. 

Disturbed samples were obtained f rom the 

returned cuttings. 

T indicates tube sample 

C indicates core sru~ple 

l21 indicates large grab sample 

Note: Grab samples taken for water content and visual 

examination are not indicated in this column . 

Percent Recovery 

This column shows the length of s ample recovered 

as a percentage of the length attempte d. 10 0% recovery is 

not indicated and may b e a ssume d where no value is shown. 

- 1 -
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Penetration Resistence e R .M.HARDY & ASSOCIATES LTD. 

Unless otherwise noted this column refers to the 

number of blows (N) of a 140 pound hammer dropping 30 

inches required to drive a 2 inch O.D. open end sampler 

a distance of one foot from 0.5 to 1.5 feet into the soil. 

This is the standard penetration test referred to in 

ASTM, Dl586. 

Unified Soil Symbol 

The soil symbols used are explained in full on 

page 5 of this appendix. 

Soil Descri~tion. 

Soils of different engineering classification are 

grouped generically for ease of reference. The system 

used is the Modified Unified Classification System for 

Soils. 

Frozen Ground 

The depth intervals over which frozen and unfrozen 

ground were encountered are indicated by F and UF respectively. 

No attempt was made to differentiate bet ween seasonal 

frost and permafrost. 

Ice Description 

The ice content of permafrost soils has been 

classified according to the National Research Council 

System for describing permafrost. A brief review of the 

NRC System is contained on page 9 of this appendix. Where 

no entry is made, the type was not recorded in the field. 

- 2 -
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Water Content e R.M.HARDV & ASSOCIATES LTD. 

The natural water content of the soil at the 

time of drilling is plotted against depth on the chart 

at the right hand side of the log. The water content, 

which is indicated by a circle, is expressed as a per­

centage of the dry weight of the soil. It will be observed 

that water contents in excess of 100 % are indicated in 

the column at the right of the chart by figures. 

Volume of Ice 

The total volume of ice in undisturbed samples 

is indicated on the same chart as water contents. The 

value is indicated by a triangle. This volume is the 

total volume of ice in an undisturbed sample and includes 

intersticial ice, as we ll as excess ice , and is expressed 

as a percentage of the total volume of the sample. 

Grain Size Analysis 

The proportions of clay, silt, sand and gravel 

in a sample are summarized. Grain size curves for each 

sample so analyzed are on separate sheets. 

Wet Density 

The wet in situ density of undisturbed samples 

is the total weight of the sample in pound s (including ice 

and water) divided by the volume of the samp le in cubic feet. 

- 3 -



Dry Densi ty e R.M.HARDV & ASSOCIATES LTD. 

The dry in situ density of undisturbed samples 

is the weight of dry s oil divided by the volume of the 

sample in cubic feet. 

Atterberg Limits 

The plastic and liquid limits are shown on 

the water content chart by a horizontal bar. The Atterberg 

system is discussed in the following section. 

NOTES ON ATTERBERG LIMITS 

Soils which possess a significant fraction 

of clay can exist in liquid, plastic or solid states according 

to the water content. 

high, so that the soil 

Where the water content is very 

is in the f orm of a slurry, the 

soil behaves as a liquid. If the water content is reduced, 

for example ~hrough evaporation, the clay will enter into 

a plastic state. If the water content is r educed yet 

further, the clay will become a solid. The transition 

from one state to another occurs gradually over a range 

of water content. Atterberg, a Swedish agronomist, developed 

a method for delineating the boundaries between the three 

states. If his method is used, the water content which· 

marks the dividing line between the plastic and liquid 

state is known as the Liquid Limit. These water contents 

are all expressed as percentages of the dry weight of 

soil. The range of water content between the plastic 

- 4 -



MODIFIED UNIFIED CLASSIFICATION SYSTEM FOR SOILS 

GROUP GRAPH COLOR LABOrlA TORY 
MAJOR DIVISION SYMBOL SYMBOL CODE TYPICAL DESCRIPTION CLASSIFICATION 

CRITERIA 
- • :r;/ '4' . • ~ -

•• •<] •4 WELL GRADED GRAVELS, LITTLE OR NO D l 
GW •••• •4. • •• RED Cu=~>6 Cc=~ =I to 3 

"' • ,<J.• : ,1 <1 FINES 010 01 0 X 060 
"' CLEAN GRAVELS • • • -<J •••• 
crz 
<< (LITTLE OR NO FINES) 4'.~:::~/ 

~ 8~w GP ... J .. RED POORLY GRADED GRAVE LS. AN D GRAVEL- NOT M[ETI NG 
.; V'lw...o::> 4 • ••. SAND MIX TU RES, LITHE OR NO FINES ABOVE REOU IR'E MENTS 

~ ~~~ : .·.:.4·.:... 
~ > ""' 

~ <( z :5 .. 
~ A TT ERBIRG LIMITS 

z f, ~u,ci GM !Cl. YELLOW 
Sil TY GRAVELS, GRAVEL-SAND-SILT 

BE LOW "A" LIN E < ,-zZ MIXTURES CONTENT 
v, X ..,< P.I. LESS TH/\N 4 _, ... DIRTY GRAVELS ~ OF FINES 
6cr <r°' o<> (WITH SOME FINES) 

~ 
EXCEED S V,"' :,; ATTER BE~G LI MIT S Cl CLAYEY GRAVELS, GRAVEL-SAND-(SILTI 12 % c o: GC YELLOW ABOVE "A" LINE 

z:5 CLAY MIX TU RES P.I. MORE TH AN 7 - ... 
<( :r 

:}JJf:F (030 1
2 "'"' WELL GRADED SANDS, GRAVELLY SANDS, C D6o "'u SW RED >4 J, 'i: LITTLE OR NO FINES u=- Cc=----= 1 to 3 

V, ,_ 

CLEAN SANDS 
010 D 10 X D6o 

"'"' wz 
<( ... Z< (LITTLE OR NO FINES) ........ o~ .:x 
u< ... :· . .-.. :_:;· .. -: POOR LY GRADED SANDS, LITTLE OR NO NOT MEETING :r ... "' SP RED ~er> FINES ABOVE REQU IREME NTS z v, <w1.&J 

< 0 Xjirj . ·• · ....... 
~ ~ ~~~ ... ATTERBERG LI MITS 
"' 

Vl J: V) • . . 
cr ... 0 SM .. YELLOW Sil TY SANOS, SAN D-Sil T MIXTURES BELOW "A" LINE u,z CONTENT 0 wz . . 
! ~~ DIRTY SANDS . . . OF FINES P.I. LESS TH AN 4 

::i;c., {WITH SOM E FINES) 

~: 
EXCEEDS 

CLA YE:,' SANDS, SAND-ISILTI CLAY 12% ATTERBERG LI MITS 
SC %. YELLOW 

MI XTU RES ABOVE "A" LI NE 
P.I . MORE THAN 7 

w INO:iGANIC SILTS AND VERY FINE SANDS, 
z 

WL <50% Ml GREEN ROCK FLOUR, SILTY SANDS OF SLIGHT -w 
-' -'u 1-

~ ~g~~ PLASTICITY CLASSIFICATION 

"' 
IS BASED UPON 

i:; v, ~"c:o INORGANIC SI LTS, MICACEOUS OR OIATO- PLASTICITY CHART o~ou 
wL>so% MH BLUE .; ;;:z MACEOUS, FINE SANDY OR Sil TY SOILS (see below) 

~ 
., 

"' ~ 
INORGANIC CLAYS OF LOW PLASTICITY, 

v,W 

~~~ 
WL <JO'/, CL GREEN GRAVELLY, SANDY, OR SILTY CLAYS, LEAN =~ o < CLAYS 

V, .. ~~~ .... / 

0~ Vl ~uoz 

~ GREEN- INORGAN IC CLAYS OF MEDIUM PLASTI-"''-' >- >- l,.;J 
30%<WL <50% Cl zw . c::( : ~- I.ii I-

BLUE CITY, SILTY CLAYS <i;; U ;.:Q§B 
<><>- wi-oU , 
Cl"' ~;j 

~ J,~ oo. w 

wL >5o 'lo 
INORGANIC CLAYS OF HIGH PLASTICITY, 

2< < z CH BLUE FAT CLAYS .;:x ·~ .~ :z 
< 

I I' I :,: 
w WHENEVER THE NATURE OF THE FINE ... I I I ORGANIC SILTS AND ORGANIC SILTY .., z 

wL < 50% OL GREEN CONTENT HAS NOT eEEN DETERMINED. u :;,- I I I CLAYS OF LOW PLASTICITY cr zedv,_~ 0 I I I IT IS DESIGNATED BY TH E LETTER " F", E.G. 
~ ;§;~~5 

~ 
SF IS A MIXTURE OF SAND WITH Sil T OR 

a::v;u~z 
wL > 50% OH / ,"' CLAY 

O ~o BLU E ORGANIC CLAYS OF HIGH PLASTICITY 
a, /.,,..,.. ..... ~ 

STRONG COLOR OR OD OR, AND OFTEN 
HIGHLY ORGANIC SOILS Pt ORANGE PEAT AND OTHER HIGHLY ORGANIC SOILS 

FIBROUS TEXTURE 

50 -I I I / 
PLASTICITY CHART CH / 40 - FOR 

SOILS PASSING NO. 40 SIEVE 

.- ~~ 
V 

~ 
~ 

30 

V O• Cl 
MH I ~ 

>- 20 / ... V OH 0 Cl ;:: / ~ Ol 
10 V 0.. 7 

1.//,(l- ~w. Ml 
4 I.,, 

0 10 20 30 40 50 60 70 80 90 
LIQUID LI MIT (~1.J 

. -
1. ALL SIEVE SIZES MENTIONED ON THIS CHART ARE U.S. STANDARD, A.S.T.M. 

E.11. 

2. BOUNDARY CLASSIFIC ATIONS POSSESSING CH ARACTERIST ICS OF TWO 
GROUPS ARE GIVEN COMBINED GROUP SYM BOLS, E.G. GW-GC IS A WELL 
GRADED GR AVEL SAN D MIXTU RE WIT H CLAY BINDER BETWEEN 5% AND 
12 %. 
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and liquid limit is known as the 

0 R .M .HARDV & ASSOCIATES LTD. 

pla~ range and the 

numerical difference between the liquid and plastic limits 

is called the Plasticity Index. 

It will be appreciated that where the natural 

water content is in excess of the liquid l imit, the soil 

mass will be most unstable and will readily flow into 

excavations or trenches. Such consideration s will not 

apply where the soil mass is kept frozen. However, in 

cases where the frozen soil is allowed to thaw, the relationship 

between the natural water content and liquid . limit becomes 

critical. 

vn page 5 there is a chart showing the relation-

ship between the Plasticity Index, the Liquid Limit and 

the group symbols of the Unified Classification System. 

The Atterberg Limit system is extremely use f ul for identifying 

and classifying soils. 

NOTES ON THE RADFORTH SYSTEM 

FOR CLASSIFYING PEAT 

The Radforth classification syste m for describing 

muskeg (organic terrain) is a method for classifying the 

three elements of vegetation, topography and organic surface 

cover using letter and figure symbols. Heig ht and type 

of vegetation is described by using capital letters (A 

through I). Topography is described by usin g lower case 

letters (a through p) Organic cover type if described 

by using figures (1 through 16). 

- 6 -
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Table I outlines these 

0 R.M.HARDV & ASSOCIATES LTD. 

fi~ symbols and the 

peat structure and type represented by them. A complete 

description of the Radforth system is contained in "Guide 

to a Field Description of Muskeg" published by National 

Research Council, Ottawa, from which has been copied Table 

I. 
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Pre dominant 
Characte ristic 

TABLE I e R.M.HARDV & ASSOCIATES LTD. 

SUBS URFACE CONST ITUTI ON 

Ca t e gory Name 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

Amorphous-gr a nular peat 

Non-woody, fine -fibrous peat 

Amorphous-granul ar peat containing 
woody fine fibres 

Amorphous-gra nular peat containing 
woody fine fibres 

Peat, predominan tly amorphous-gr anular, 
containing non-wo ody fine fibres, h e l d 
in a woody, fine fibrous fr amework . 

Peat, predominant l y amorphous - granular 
containing woody fine fibres, h eld in 
a woody, coarse-fibrous framework. 

Alternate layer ing of non-woody , fine 
fibrous peat and amorphous-granular 
peat containing n on-woody fine fi b r e s. 

Non-woody, fine -fibro us peat containing 
a mound of coarse fibres. 

Wood, fine fibrous peat held in a woody, 
coarse-fibrous fr amework. 

Woody particle s h eld in a non-woody , 
fine-fibrous peat . 

11. Woody and non-woo dy particles held in 
fine-fibrous peat . 

12. Woody, coarse-fib rous peat. 

13. Coarse fibre s c ri ss-crossing fine­
fibrous peat. 

14. Non-woody and woody fine-fibrous peat 
held in a coarse- fibrous framework . 

15 . 

16. 

Woody mesh of f i b res and p a rticles 
enclosing amorpho us-granular peat 
containing fin e f ibres. 

Woody , coarse -fib rous p e at containing 
scatte red woody c h unks. 

- R -
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NOTES ON THE NATI ONAL RESEARCH COUNCIL 

SYS TEM FOR DESCRIBIN G PERMAFROST 

Gr ound ice occurs in three conditions. Non-

visible, v isible (but l e ss than one inch in thickness) 

and clear ice. Non - visible i c e is de signate d N with a n 

added suffix of one or two lower case lette rs. Visible 

ice is designated V with an a dde d suffix o f one lower 

case letter . Clear ice is des ignated ICE with notes on 

ice type. 

Symbol 

Nf 

Nbn 

Nbe 

Vx 

Ve 

Vr 

Vs 

ICE 

ICE+ soil 

TABLE IV 

Descrie tion 

Non - visible ice , frozen soil in 
friable condit i on. 

Non-visible ice , frozen soil we ll 
bonded, no e xc e ss ice. 

Non -visible ice , frozen soil we ll 
bonded, e x cess ice revealed on 
melting sample . 

Visible ice c rystals. 

Ice coatings on soil particles. 

Ice formations irregularly 
orientated. 

Stratified ice lenses. 

Clear ice over one inch in thickness. 

Ice over one i n ch thick with s oil 
inclusions. 

A complete description of this system is contained 

in " Guide to a Field Descrip tion of Permafrost" publish ed 

by National Research Council, Ottawa. 
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APPENDIX C 

Recowmended Construction Procedures 
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RECOMMENDED CONSTRUCTION PROCEDURES 

The following construct i on procedures a re recom­

mended to e nsure the satisfactory pe r forma nce of the struc ture s. 

The r ecommendations are to be rea d in conjunct ion with the 

t e x t of the report . 

1. DRIVEN STEEL PILES 

1 .1 Piles shall be driven by equipment having a strik-

ing weight not less than one-third of the dr iven weight of 

the piles • . The driver should be capable of delivering at 

least 15,000 ft. lbs. of energy. 

1 .2 The number of blows required to drive the pile 

each foot should be recorded for every pile a s an indication 

of the satisfactory carrying capacity of the pile and as an 

indic~tor of potential tip damage. 

1.3 After each pile is driven to its required depth an 

elevation should be taken of the pile top or on a suitable 

mark on the side of the pile. This elevation should be 

checked periodically to ensure that it is not heaved by the 

driving of adjacent piles. Piles that are heaved must be 

redriven. 

1.4 For piles which displace a considerable amount of 

soil during driving, such as closed-end pipe p iles, care 

must be taken that the driving does not cause damaging 

horizontal displacement of existing structures or founda­

tions. 
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1. 5 Where piles are designed to gain support by skin 

friction in the soil it is essential that the pile have ends 

and walls free from protrusions which could cause voids or 

disturbance of the adjacent soil during driving. 
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