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Your Reference No

October 22, 1982

Esso Resources Canada Limited
237 - 4 Avenue S.W.

Calgary, Alberta

T2P 0H6

Attention: Mr. C.V. Mancini, P.Eng.

Dear Sir:

Qera——

Re: Data Report for Kadluk Borrow Investigation

We are pleased to submit one copy of the subject report for
your review and comments. The final data report will be submitted in a
binder together with other data reports, as discussed previously.

1

"R R B ERERELELE

We trust that the preceding meets with your present
requirements. Should you have any questions or comments, please call at
your convenience.

[

‘

Yours truly,

HARDY ASSOCIATES (1978) LTD.

vers Ly girve Al

J.M, 8Levaliiér, M.Eng., P.Eng .

JMC s mm
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1.0 SUMMARY

A preliminary borrow investigation was conducted in the Kadluk

block. The purpose was twofold:

- to assess the quality of the material and its suitability for

island construction; and,

- to evaluate the feasibility of exploring the borrow source
based on the quantity of suitable material obtained at the

borehole locations.

The soil gradiation, considered the key factor in meeting the

aforementioned objectives, was determined for all cohesionless soil

samples.

2.0 SEABED SURFACE SOILS DESCRIPTION

A plan of the borehole locations is given in Figure 1 and a
summary of the grain size distribution of the seabed surface soils is

shown on Figure 2.

At all borehole locations, except for 82-KBI-2, the sea bottom
materials consist of granular soils varying from fine grained sand to

fine grained gravel with little coarse grained. Neglecting- borehole
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82-KBI-2, the thickness of these granular materials range from 0.7 to
7.1 metres with a mean of approximately 2.4 metres. At the location of

borehole 82-KBI-3, layers of silt were noted.

3.0 FIELD AND LABORATORY DATA

Explanation of all terms and symbols used on the borehole logs
and in the summary of classification test results is given in

Attachment I.

A detailed description of the soil stratigraphy together with
laboratory data, where appropriate, is presented on the borehole logs,

Attachment II.

The classification tests are summarized in Attachment 111, for

all samples tested.

The grain size distribution curve, for each sample tested, is
included in Attachment IV, in the order noted in the summary of
classification test results,

4.0 CLOSURE

The data from both field and laboratory investigations of

borrow in the Radluk block, at seven borehole locations, are included
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herein. Evaluation and interpretation of the data are presented in a

separate report together with appropriate recommendations.

Respectfully submitted,

HARDY ASSOCIATES (1978) LTD.

Per:

m—"___

THE ASSOCIATION OF J.M.
PROFESSIONAL ENSINEERS,
GEQLOGISTS and GEOPHYSICISTS
OF ALBERTA
PERMIT NUMBER
P 226
HARDY ASSOCIATES

' {1978) LTD.
) j Per: ﬂ/ Lg

N.C. Burgess, P.Eng.

JMC 1 m
11:12

. - i s i . '
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1. EXPLANATION OF TERMS AND SYMBOLS
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EXPLANATION OF TERMS AND SYMBOLS

The terms and symbols used on the borehole logs to summarize the results
of field investigation and subsequent laboratory testing are described inthe
following pages. '

It should be noted that materials, boundaries, and conditions have been
established only at the borehole locations, and are not necessarily
representative of subsurface conditions elsewhere across the site.

TEST DATA

Data obtained from laboratory and field testing are shown on the grid at the
appropriate depth intervatl.

The natural moisture {water) content of the soil at the time of drilling is
plotted against depth, together with the plastic and liquid limits where
determined.

Abbreviations, graphic symbols, and relevant test method designations are
as follows:

O w natural moisture content (ASTM D 2216)
O  we plastic limit (ASTM D 424)
A w liquid limit (ASTM D 423)

NP non plastic soil

5 seepage

\ 4 observed water level

Other abbreviations and symbols are as shown on the borehole log sheet.

DEPTH

The depth of borehole below existing ground surface is shown.
Corresponding elevations sometimes are shown with respect to the datum
given.

SOIL CLASSIFICATION AND DESCRIPTION

Soils are classified and described according to their engineering properties
and behaviour.

The soil of each stratum is described using the Unified Soil Classification
System® modified slightly so that an inorganic clay of “medium plasticity"” is
recognized.

The use of modifying adjectives may be employed to define the actual or
estimated percentage range by weight of minor components. Thisis similarto
a system deveioped by D.M. Burmister.?

The soil classification system is shown in greater detail on page 3.

1. “Unitied Sail Classiication System”, Technical Memorandum 3-357 prepared for Cffice, Chief of Engineering, by Water-
ways Experiment Station, Vickshurg, Mississippi, Corps. o Engmeers. U S Army. Vol. 1, March 1853,

2. American Society for Testing ang Maleriale, Procedures for Testing Soils, "Suggested Methods of Testing for Identifica-
tion of Soiis”, 4th Ed; pp 221-233. Dec. 1964

Pama 1
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SOIL SAMPLES
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CONDITION — This column graphically indicates the depth and condition of the sample:

undisturbed disturbed not recovered

TYPE — The type of sample is indicated ih this column as follows:

auger sample
block sample

drive sample

OoscuoooOw>»

rock core, or frozen soil core

- Pitcher tube sample

tube sample {usually thin-walled)
wash or air return sample

other (see report text)

PENETRATION RESISTANCE — Unless otherwise noted this column refers to the number o*
blows (N) of a 140 pound (63.5 kg} hammer freely dropping 30 inches {0.76m} requiredtodrivea?
inch (50.8 mm) O.D.open-end sampler 0.5feet (0.15m) to 1.5feet (0.45 m) into the soil, oruntil 100
blows have been applied, in which case, the penetration is stated. This is the standard penetration
test referred to in ASTM D 1586.

OTHER TESTS

In this column are tabulated results of ofher laboratory tests as indicated by the following

symbols:

.
Fines

*D

)

"w05s

PP
*TX
Su
*Ds
5G
£04
oc
*ST
TV
*LV
€5
Y
Yd
P
Pa

Consolidation test

Percentage by weight smaller than #200 sieve

Relative density (formerly specific gravity)

Permeability coefficient

Mechanical grain size analysis and hydrometer
test (if appropriate)

Pocket penetrometer strength

Triaxial compression test

Unconfined compressive strength

Bhearbox test

specific Gravity

Concentration of water-soluble sulphate
organic Content

Swelling test

Torvane shear strength

vane shear strength (undisturbed-remclded)
Unit strain at failure

Unit weight of soil or rock

Dry unit weight of soil or rock

Density of soil or rock

Dry density of soil or rock

* The results of these tests usually are reported separately.

Page 2

HT 24

- 78/08
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SUIL CLADDIFIVATIUN DTDI1EWM {MUWIFICW W.3.0.)

LABORATORY
GROUP |GRAPHIC|COLOR
MAJOR DIVISION TYPICAL DESCRIPTION CLASSIFICATION
SYMBOL | SYMBOL | CODE CRITERIA
STRONG COLOR OR ODOR, AND OFTEN
HIGHLY ORGARIC SQILS Pt ORANGE | PEAT AND OTHER HIGHLY ORGANIC S0ILS FIBROUS TEXTURE
2
o WELL-GRADED GRAVELS, GRAVEL-SAND Deo (D)
w GwW RED = G, —__ = 1to3
o ‘é’g MIXTURES, < 5% FINES Cu=p,>® “c* B, xDyp °
g g E " CLEAN GRAVELS
u " 05’3“ ap RED POORLY-GRADED GRAVELS, AND GRAVEL- NOT MEETING ALL
= adz9 w SAND MIXTURES, < 5% FINES ABOVE REQUIREMENTS
=]
o~ > T o w
. o =
5 Iz>% . . ATTERBERG LIMITS
" z o ; g - M YELLOW SILTY GRAVELS, GRAVEL-S5AND-SILT BELOW "A" LINE OR
-2 FEQ MIXTURES > 12% FINES Ip< 4
(=34 w o
© F Y DIRTY GRAVELS - ATTERBERG LIMITS
E E = ac YELLOW CLAYEY GRAVELS, GRAVEL-SAND-CLAY ABOVE "A" LINE,
zo MIXTURES > 12% FINES 1.5 7
- p
=3
2
O WELL-GRADED SANDS, GRAVELLY SANDS, Deg {Dag)
= w R =28 =—"3 _ = 1te3
28 9wz s EC < 5% FINES Cu=p,, ™% ®c= DoxDe °
- Tz
< x aFy CLEAN SANDS
8 ; UEE sp RED POORLY-GRADED SANDS, OR GRAVELLY NOT MEETING ALL
w whdw SANDS, < 5% FINES ABOVE REQUIREMENTS
. 2E30
a4 >l ATTERBERG LIMITS
E u Ec:} < SM YELLOW SILTY SANDS, SAND-SILT MIXTURES BELOW "A” LINE OR
T FY¥s > 12% FINES In< 4
'— wp® DIRTY SANDS P
w I
] oz CLAYEY SANDS, SAND-CLAY MIXTURES ATTERBERG LIMITS
g L sC YELLOW v S - SAND-CLA ABOVE “A” LINE OR
£ > 12% FINES Ip> 7
& SILTS INORGANIC SILTS AND VERY FINE SANDS,
g ML GREEN ROCK FLOUR, SILTY SANDS OF SLIGHT W, = 50
3 PLASTICITY CHART; oG
w NEGLIGIBLE OHGAP:IIC INORGANIC SILTS, MICACEQUS OR
2 MH BLUE DIATOMACEOQUS, FINE SANDY OR SILTY W, > 50
=3 CONTENT
g SOILS
- 7 INGRGANIC CLAYS OF LOW PLASTICITY,
o cL GREEN GRAVELLY, SANDY, OR SILTY CLAYS. LEAN W, < 30
o4 CLAYS L
I g A CLAYS
[=1 : -~
2 - ABOVE "A” LINE ON al GREEN- | INORGANIC CLAYS OF MEDIUM PLASTICITY w, >3, <50 SEsEng,RT
25 PLASTICITY CHART; < /] BLUE |SILTY CLAYS
9 g NEGLIGIBLE ORGANIC /
w CONTENT / INORGANIC CLAYS OF HIGH PLASTICITY,
zZx CH BLUE W > 50
iy / . FAT CLAYS
= - 2
[ |
z S ERE DRGANIC SILTS AND ORGANIC SILTY CLAYS
z ! <
; ORGANIC SILTS & ORGANIC CLAYS oL . : : GREEN OF LOW PLASTICITY W <50
= il
g BELOW “A" LINE ON
g PLASTICITY CHART OH BLUE |ORGANIC CLAYS OF HIGH PLASTICITY W > 50
PLASTICITY CHART
50 | | i i e
T 1 v
. Toughness and dry strength increase CH /
+% J . . . N
1. All sieve sizes mentioned on this chart are U.5. Standard, ASTM E11. £ 407 with incressing plaslicity index when v
m comparing s0ils at equal liquid limit.
2. Boundary classificati P Ing characterislics of two groups are given g \"‘f"
bined group symbols eg GW-GC is 8 well-graded gravel-sand mixture with bl 30 ny pYen
clay binder between 5% and 12%. " = el or
3]
3. Soil fractions and limiting textural boundaries are in accordance with the Uni- E 2 ] OH
fied Soil Classification System, except that an inorganic clay of medium plas- 3 cL /
ticity (C1) is recognized. a /
10
4. The tollowing adjectives may be employed to define percentage ranges by 7l----& - ML
weight of minor components: g |- — - _fECL MLZ or
ral oL
and 50 - 36%
same 35 - 21% D 10 20 a0 40 50 60 70 80 90
Littie 20 - 1% LIQUID LIMIT W,
trace 10- 1%
HARDY ASSOCIATES (1978) LTD.
CONSULTING ENGINEERING & PROFESSIONAL SERVICES
Page 3 HT 25 - 79/06
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BOREMOLE LOG

1llll HARDY ASSOCIATES (1978) LTD.
CONSULTING ENGINEERING & PADFESSIONAL SERAVICES BOREHOLE NO.
ESSO RESOURCES CANADA LIMITED B82-KBI-1
- SHEET_1OF 1
LOGGED BY: GNL LOCATION: KADLUK DATE: 82.09.,09
216 MARL- DED. 2000 ME THOD: ROTARY/WIRE-LINE| START: 1515 FINISH 2100
- SROJECT NO. CGI4029a70DJUTM COORD. N: 7737173 E: 464510 FIELD TEST RECORD
- -0 -2 =l ~ =
Wp [e] WwW- O WL . 5 % ; : (3.0‘ = -
= — b [N
- _|=]B|5]8 ARHEBERMEE
) ) HIEC 3 I - E S Sloie -
BULK DENSITY (kg/m~)®| = | > | & 1& | X DESCRIPTION g ilalslz|E|E] ¢
28 8 8 |flaial2lE AHHEIMEE:
w -
S § 8 8 lz|g|g]%® HHEHHNHAE
N - - - - S E3 o 2 o = > x [=]
‘ MOISTURE CONTENT% | 21315 (2 |3 Zlgte|3|2 |88 =
20 40 60 80 R e e
' Ti - E=- WATER
| : =
4
| T =
6 —
8 bl SPl..." SAND fine to medium-grained, trace silt,
=< brown, (uniform) GS
b - fine to medium-grained sand, little
10 D2 Zgi gravel to 30mm, trace silt Gs

CLAY medium to high plastic, few sand
lenses and pockets, organic inclusions,
few sea shells, grey to dark grey

| _.  stiff clay, trace fine gravel, no sand,
no organics

X
NN

AN

|

1

o
18

. L —- occasional fine gravel to 15mm

D5
O
18
. Bottom of Hole at 17.5m




BOREHOLE LOG

HARDY ASSOCIATES (1978) LUTD.

CONSULTING ENGINEERING & PROFESSIONAL SERVICES BOREHOLE NO.
ESSO RESOURCES CANADA LIMITED B2~KBI~2
SHEET_IQF
LOGGED BY: GNL LOCATION:  KADLUK DATE: 82.09.12
RIG: MARL- DG.D. 2000 METHOD- ROTARY/WIRE-LINEI START: 2200 FINISH: 2330
PROJECT NO. CG1402%a70p [UTM COORD. Ni 7736962 E: 465396 FIELD TEST RECORD
- I - T~ o
wp B w- 0 WL & z 5 ; - g T -
2lz12 e -1l | |w z i
o| 815 |9 13- |82 - ]
— Ele |- SR - Rl I T : -
3 slylglele wig ||, .
BULK DENSITY (kg/m-)®] 3 | 15 |d I DESCRIPTION cizlw|(BlEIEIZ2] X
oo g o |E[F[BlE:g AHHEHRHE
& & © © “luiw|ale 2| e |85 Y g
8 ¥ © 0 LI I e wia 2|5, § 17l
- - - = (2|02 H 0 5 x
MOISTURE CONTENT% | 2 | 2|32 |3 slEigl218 8|8 ¢
20 40 60 BO ©
Y -1 WATER
: 2 =
‘[ =
i 4 b=
6 =
8 =
D1 SC? CLAY silty, some fine to coarse sand, GS
CL%?; trace fine gravel, low plastic, grey
X 10 D2 :EZ {4 GRAVEL and SAND fine to coarse gravel Gs
| -\ to 25mm, fine to coarse sand, trace silt-:]r
—+ 3 2] 7\ arey )
CIq CLAY medium to high plastic, stiff, dark

grey to grey

5
NNNNN

Q) 121ps

Bottom of Hole at 14.5m

14
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BOREMCLE NO.

E£SSO RESOURCES CANADA LIMITED B2-KBI-3
SHEET1OF 1
LOGGED BY:  GNL/JIMC LOCATION: KADLUK OATE: 82.09.13
R1G: MARL- DG.D 2000 METHOD: ROTARY/WIRE-UNEI START: 0500 FINISH 0815
PROJECT NO. CGI4029a7opfUTM COORD. N: 7737306 E: 465330 FIELD TEST RECORD
W -o W-O W -2 Tl s a
p L o 5 — ?3 E : g— E :-2
=185 |8 Sleiz|8lg] || 2
- - | o I = . -
tiwl|E[2]2 £l Sz
BULK DENSITY (kg/m)e| £ 1 £/ 2 |5 |2 DESCRIPTION SlElg 8 2|2]28] &
E =
8 8 8 8 Tl oW 3 ; é "-","' L&J E g w % 8
o < o o z 212 ° ] z 5 g gl ° ; "; %
- - = = a (|2 |olz z w g
MCISTURE CONTENT% | = |23 (213 S|gle|3l=2i8|8] S
! = waATER
i =
? 2 ]
!
i
* 4
I I3 — ]
8 ——— 4
—
Dl GFP jl“ GRAVEL fine to coarse, rounded to Gs |
5}5’ subrounded to 20mm, trace coarse sand,
b»g- no silt, grey
D2 . Gs |
10 Z oé?,; ‘- gravel to 30mm
e
D3[P 'l SAND and SILT fine to coarse, subangular Gs ]
| ML |:![ sand, lavered
H 12 p4 GC GRAVEL some medium tco coarse sand, little Gs 1
{ﬂ silty clay
D5 GP = GRAVEL fine to coarse to 75mm, trace G5 Ao
0. coarse sand, nc silt
52 ]
14 p6 GC ? GRAVEL fine to coarse, some silty clay, GS
/ trace fine sand
23
D 14 PP % CLAY silty, trace fine sand, ow |
% plastic, very stiff, grey
& <
il ] -
13 Bottom of Hole at 17.5m 1




BOREHOLE LOG

HARDY ASSOCIATES (1978) LYD.

CONSULTING ENGNEERING & PROFESSIONAL SERVICES BOREHOLE NO.
ESSO RESDURCES CANADA LIMITED B2-KBI-4
SHEET10QF 1
LOGGED BY: JMC LOCATION: KADLUK DATE: 82.09.13
RIG: MARL- DG D 2000 METHOD: ROTAR‘(/WIRE-LIN‘E] START: 1400 FINISH 1515
PROJECT NO. CGi4029a70p)UTM COORD. N 7737351 E: 462955 FIELD TEST RECORD
WD-B Ww- O WL-A . g ol § _
-3 o =2 =z -1 = a ©
AL slzi2l2le |&] &
~|®[E18]3 slelz(21% b
EN AR E w|g| e cisiel| ”
BULK DENSITY (kg/m™}® = [~ | Z |& | T DESCRIPTION Eiclu|[EleslrE]|z r
o © © o M EAERE: Ele|z|Elat ¥l 8
o O o e} Tlw|lw|2]E 4|2 |Wlw ], e
§ % e 8 Jzgigi) JHE I
vy —_ p— — 3 z o - s - ¥ [=]
MOISTURE CONTENT % E‘ 21313918 ¢ Q 3 - 8 -
20 40 60 80 BEIE N =
! == WATER
: 2 4
!
!
4 -
e =
D1 SP [ SAND and GRAVEL fine to coarse sand, fing GS
8 o gravel, grey (gap-graded) p
b2 sp4lif: SAND fine to coarse, little fine gravel, GS
10 sM trace silt, grey p
D3 CI "/ CLAY silty, medium plastic, stiff, grey b
12 é -~ 1 lastic ¢l ]
?) 4 CL? ow plastic clay
/--— low to medium plastic clay, {frozen, )
© D3 é VxVr = 30%)
1 5
Bottom of Hole at 15.9m - .
18 E
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BOREHOLE LOG

HARDY ASSOCIATES (1978) LTD.

CONSULTING  ENGMNEERING & PROFESSIONAL SERVICES BOREHOLE NC
ESSO RESOURCES CANADA LIMITED B2-KBI-5
SHEET.1oF 1
LOGGED BY: ED LOCATION: KADLUK DATE: 82,09.13-14
RIG: MARL- DG D 2000 METHOD~ROTARY/WIRE-LINEI START: 2047 / 09.13 FINISH' 0015 / 09.14
PROJECT NO. CGI4029a70p{UTM COORD. Nt 7738879 E: 466010 FIELD TEST RECORD
Wo-€ W-0 w-a z EEAE _
=] =] - — - — a [1]
_ia|Bl5 8 siglcigle %] &
K DENSITY (kg/m3yef £ | E( 2[5 |2 glE|Elelz (2] 2] .
-— Y [-4 @x
E,ULO s o g |Fi8 g & DESCRIPTION S|ElE EIE|ElE] ¢
. o (= o Q Tlw|lwlale slz|¥ iw|z W -
| - JHHHEHEE
. - - = = F3 - = > =]
m MOISTURE CONTENT% 5 | 3|3 |2 |3 Blgie|s|z|EIE)] ¢
, 20 40 60 80 8 i Bl el B
% | v [ ::—‘"'
u = WATER
* | =
2 ]
_ f —
- 1115
4 =
6 =
: =
10 =
” | Ll GP :}w GRAVEL to Z5mm
" D
7
‘ e nzZCL% CLAY firm to stiff
b _ } 12 /
: O 03 <] é
T
=7
O 14ips 7z
Bottom of Hole at 14.5m
16
3
S
o
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HARDY ASSOCIATES (1978) LTD.

BOREHOLE

LOG

CONSULTING  ENGINEERING & PROFESSIONAL SERVICES

ESSO RESCURCES CANADA LIMITED

BOREHOLE NO.
B2-KBI-6

SHEET_10F 1

LOGGED BY: JMC LOCATION:  KADLUK DATE: 82.09.14
RIG: MARL- DG.D 2000 METHOD: ROTARY/W!RE-—UNﬂ START: 0500 FINISH: 0700
PROJECT NO. CG14029a7onfYTM COORD. N: 7738425 E: 465316 FIELD TEST RECORD
W -C W-3 W -2 - E
P L . Z sl5l|z|2 roll R
zZlz 2B sclz|S]2|y 2l &
~|®12 |53 cl8lz |22 1 g
E AR wlStE |l 121518
BULK DENSITY (kg/m™)®) £ | 3 | 215 | 2 DESCRIPTION S|E|lglelS|E| 2] &
w 5
S 8 g 8 liiulalsls HHEHBEPANE
8§ 2 & & jzigif|5)e SEHAESETEIE
o b = z -
MOISTURE CONTENT% | 2 | 5|32 |3 siElgl2|E18| 8] 2
20 40 &0 BO 8r&
== WATER
2 ==
I —
4 = 1
6 v p
8 -
D1 swi:: SAND and GRAVEL fine to coarse sand, Gs
10 SM||: fine gravel, trace silt |
! b2 S HHE
! NS . s
D3 sM|: SAND fine-grained, some clayey silt GS
4 12 BHE 1
) D4 CL7 CLAY wvery silty, some fine sand, trace i
/ gravel, low plastic, very stiff, grey,
14 é trace fine sand seams i
%---— less sand
Q 16|P® // 4
Bottom of Hole at 16.2m .
1B 4
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HARDY ASSOCIATES (1978) LTD.

BOREHOLE LOG

CONSULTING  ENGINEERING & PROFESSIONAL SEAVICES

ESSO RESOURCES CANADA LIMITED

BOREHOLE NO.
B2-KBI-7
SHEET1OF 1

LOGGED BY: IMC LOCATION: KADLUK DATE: 82.09.14
RIG: MARL- DG D 2000 METHOD: ROTARY/WIRE-LINEJ START: 1130 FINISH: 1245
PROJECT NO. 614029 70pjUTM COORD. N: 7738004 E: 466103 FIELD TEST RECORD
W -0 W-O W -2 El= e
P L . z SlE(c|2 rll I
z|lz |2 i@ - || w a =
—{eig2|51s : £13(-12|z2 S5
3 ° W b=} E ) w E ,“_J - > E i
BULK DENSITY (kg/m~)®( £ | > § R DESCRIPTION 5 lz|g g sielzl 2
o © o o E Q| Sy lulaidtule e
& ¢ 8 8 lz|glglsi® AT A
- - - = a | EF[ 2wl = 0 g x
MOISTURE CONTENT% [ % | 213|218 blgle g 215181 ¢
20 40 60 8C G &
! B=d  WATER
< 2 = ]
4 =
6 EEE L
8 = |
D1 SCZZZ SAND coarse-grained, some fine gravel, GS -
%22 little silty clay, grey
1o, D2 sefi| M- fine-grained subangular sand GS
D3 c1 CLAY silty, medium to high plastic, firm 4

CH

14

NN

gravel

to stiff, grey

-— with organic layers to 75mm, trace

16

18

Bottom of Hole at 15.9m




\ NMARDY ASSOCIATES (1978) LTD.
CONSULTING ENGINEERING & PROFESSIONAL SERVICES

III, SUMMARY OF CLASSIFICATION TEST RESULTS
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HARDY ASSOCIATES (1978) LTD.

CONSULTING ENGINEERING & PROFESSIONAL SERVICES

SUMMARY OF CLASSIFICATION TEST RESULTS

BOREHOLE No.

B2-KBi-13

SHEET 1 OF 1
ATTERBERG LIMITS GRADATION ANALYSIS
SAMPLE (MODIFIED/MOISTURE| LIQUID | PLASTIC { PLASTICITY | LIQUIDITY |GRAVEL | SAND | sILT CLAY 8ULK | SPECIFIC REMARKS
DEPTH usc CONTENT| LIMIT LiMLT INDEX INDEX SHE SIZE SIZE SIZE | DENSITY | GRAVITY
INTERVAL (%) {%) (%) (%} (%) (%) {%) Kg/m3
{m)

8.2-8.7 5P 0 97.4 - -

9.4-9.9 SP 12.1 85.1 - -

11.0-11.4 Cl-CH 43

14.0-14.5 Cl-CH 27

17.1-17.5 Cl-CH 25




HARDY ASSOCIATES (1978) LTD.

CONSULTING ENGINEERING & PROFESSIONAL SERVICES

SUMMARY OF CLASSIFICATION TEST RESULTS

BOREHOLE No. s2«ks-2 SHEET 1 OF |
ATTERBERG LIMITS GRADATION ANALYSIS
SAMPLE |MODIFIED|MOISTURE] LIQUID PLASTIC PLASTICITY LIQUIDITY GRAVEL SAND SILT CLAY BULK SPECIFIC REMARKS
DEPTH us¢ CONTENT{ LiMIT LiMIT INDEX INDEX SIZE | SIZE | SIZE | SIZE | DENSITY | GRAVITY
INTERVAL {%) (%) {%) (%o} (%) (%) (%) Kg/m3
{m) .
8.8-9.3 | sc-Ci b 4 21.9 - -
10.1-10.5} GP-GH i 65.1 37.6
11.0-11. 4] Cl-CH 32
12.5-13.0] CI-CH 1

14.0-14.5]| CI-CH 34
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HARDY ASSOCIATES (1978) LTD.

CONSULTING ENGINEERING & PROFESSIONAL SERVICES

SUMMARY OF CLASSIFICATION TEST RESULTS
BOREHOLE No.

82-kBi-3

SHEET 1 OF |

ATTERBERG LIMITS GRADATION ANALYSIS
SAMPLE |MODIFIEDMOISTURE| LIQUID | PLASTIC | PLASTICITY | LIQUIDITY | GRAVEL | SaND | siLt CLAY | BULK [SPECIFIC REMARKS
DEPTH USC | CONTENT| LIMIT | LIMIT INDEX INDEX SIZE | SIZE | SIZE | SIZE | DENSITY | GRAVITY
INTERVAL (%) (%) (%) (%a) (%) (%) (%) Kg/m3

{m)

8.5-9.0 GP 93.8 6.2 - - No fines
9-8-10.2 GP 94. ] 5.2 - - No fines
11.0-11.4 SM-ML 0 53.7 - -
11.9-12.3 6C 63.4 | 22.7 - -
12.8-13.3 GP 96.7 3.3 - - No fines
14,0-14.5 GC 68.4 9.9 - -
15.5-16.0 cL 21
17.1-17.5 CL




HARDY ASSOCIATES (1978) LTD.

CONSULTING ENGINEERING & PROFESSIONAL SERVICES

a
-

SUMMARY OF CLASSIFICATION TEST RESULTS

BOREHOLE No.

82-kBi-4 SHEET 1 OF 1

ATTERBERG LIMITS GRADATION ANALYSIS

SAMPLE |MODIFIED|MQISTURE| LIQUID | PLASTIC | PLASTICITY | LIQUIDITY |GRAVEL | SAND | SILT | CLAY BULK | SPECIFIC REMARKS

DEPTH usc CONTENT| LIMIT LmMT INDEX INDEX SIZE SIZE SIZE SIZE | DENSITY | GRAVITY

INTERVAL (%) (%) (%) (%o} (%} (%) (%) Ko/m3 '

{m)

8.2-8.8 sP 36-7 62.9 - -

9,1-9.8 SP-SH 15.1 78.7 - -

10.7-11.3 Ct 26

12.2-12.8 CL 22

15.2-15.9 CL 23
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HARDY ASSOCIATES (1978) LTD.

CONSULFING ENGINEERING & PROFESSIONAL SERVICES

SUMMARY OF CLASSIFICATION TEST RESULTS

BOREHOLE No. 82-xsi-5 SHEET 1 OF 1
» ATTERBERG LIMITS GRADATION ANALYSIS
SAMPLE |MODIFIED|MOISTURE| LIQUID | PLASTIC | PLASTICITY | LIQUIDITY | GRAVEL | SAND | SILT CLAY BULK {SPECIFIC REMARKS
DEPTH usc CONTENT| LtMIT LMIT INDE X INDEX SIZE | SIZE SIZE SIZE | DENSITY | GRAVITY
INTERVAL (%) (%) %) (%) {%) (%) (%} Kg/m3
{m)
10.4-10. 8 GP
11.3-11.7 cL 38
12.2-12. 4 CL 30
13.1-13.4 tL
14.0-14, 4 L 33
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HARDY ASSOCIATES (1978) LTD.

CONSULHNG ENGINEERING & PROFESSIONAL SERVICES

SUMMARY OF CLASSIFICATION TEST RESULTS

BOREHOLE No. s2-ksi-5 SHEET 1 OF 1
ATTERBERG LIMITS GRADATION ANALYSIS
SAMPLE |MODIFIED|MOISTURE| LIQUID | PLASTIC | PLASTICITY | LIQUIDITY ! GRAVEL | SAND SILT CLAY BULK | SPECIFIC AREMARKS
DEPTH uUsc CONTENT| LIMIT LIMIT INDE X INDEX SIZE SIZE SIZE SI1ZE | DENSITY | GRAVITY
INTERVAL (%) (%) (%) (%) (%) (%) %) Kg/m3
{m)
9.1-9.8 SW~SM : hh. 2 47.3 - -
11.0-11.6 SM 0 66.2 - -

12.5-13.1 cL 18
165.5-16.2 CL 24
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HARDY ASSOCIATES (1978) LTD.

CONSULVING ENGINEERING & PROFESSIONAL SERVICES

SUMMARY OF CLASSIFICATION TEST RESULTS

BOREHOLE No. s2-«ei-7 SHEET | OF 1
ATTERBERG LIMITS GRADATION ANALYSIS
SAMPLE |MODIFIED|MOISTURE| LIQUID | PLASTIC | PLASTICITY | LIQUIDITY | GRAVEL | SAND | SILT CLAY BULK | SPECIFIC REMARKS
DEPTH usc CONTENT| LiMIT LM T INDE X INDEX SIZE | SIZE SIZE SIZE | DENSITY | GRAVITY
INTERVAL (%) (%) (%) (%) (LA (%) (%) Kg/m3
{m)
8.8-9.3 sc 30.4 | 52.9 - -
9.8-10.4 Sp 0 97.7 _ -
10.7-11.3 Ci~-CH 35
12.2-12.8} CI-CH 38

15.2-15.9f Ci-CH 3
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@ CONSULTING ENGINEERING & PROFESSIONAL SERVICES

GRAIN SIZE DISTRIBUTION CURVES
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GRAVEL SIZES SAND SIZES
FINES (SILT OR CLAY)
COARSE I FINE co.msel MEDILUM ] FINE
U.S. STANDARD SIEVE SIZES ‘
100 k] 2 R Yl ]M_ ) :.10 ”?20 e H100 200 9325 o alx
=
! FE ) U N 19 S 4 > Ela
% S| it A S € T O O S A = |2
I N
[~ 1T T T N
L - (U0 I RN I RN My G 1901 G A — % I = ilm fg
3 I L — o + O A
z cC 3w
< — - o e ol o - ——th ettt et I
T @
£ wl L —t : M < {3
5 — —— -+ - ——— - — +—4 11— o mt e i m w |~
=
w 50 -ttt 1 - —t— & 5
._ - wn iy
e - i I - . S W _ AL . S S
w
O 0 VS Ty - SRR B UG g B I | ) - I T P L1 -
"
W I I - b Iifk -
a. Alolvm o™
30 -+ -} - -1 - —F— I 41— ofm| PO || X
2| O ZZ |m©
—{-1 N __ - Y N _ S O I I T A R, 1§ N . al|lvm =i
| slxicE ST
z Mo o
20 - heel B - — — - -1t T-1 - — —
] EA I L
i 7 ne
10 ~-trt-——1- — — — —_ F—t—f— [
w
- - -t —t- — ?\I e b - t——1 1 Tt O
’ Th ~ ! EQ
od [I'] . 1 D K1l L] + . 1
o , ' : ,' ‘ ; , ] 1 o MILLIMETRES 0 o0 w0 | Eg%
) H 1 o 0 (X1 o o1 INCHES E ® NN
=15 1-fals
GRAIN SIZE m wlr
SAND fine to medium-grained, trace si1lt é ale
T T TomomTmT o - Dlﬂ 20.18 mMm. m % t
D,, =0.25 mm. 8] %
T - T - - Dyo =0.30 mm. o 5
Cy L7 o .
- 1.16 '
GRAVEL 0 % |SAND 97.4 %|FINES 2.6 °|s01L GROUP 5P Ce Fo2—— b '63
L]
NOTE: UNIFIED S50IL CLASSIFICATION SYSTEM
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GRAVEL SIZES SAND SIZES
FINES (SILT OR CLAY}
COARSE l FINE coanse|  MEDIUM l FINE @
U.S. STANDARD SIEVE SIZES
1001, 3 2 1ty Hy l“ 10 ”o rap e oD 1250 #3125 l Q § I
3 A L _ o 2>
| | I Bl
i AT T I 2 3 I
8o - ITHITTr T b N g 0
_ 1 | " m 0
B A B B -5
(] Sy W A O O Y A O A - |— Y T U 0 Ba
2z C Qo
< B O e —t—t——11 - in ala
I m 0 )b
- 80 _ - FHF - — e < gg
z L i m lg
z 3
£ sHHHH T I EHT | il
— e x e o N ol a
e || | _
Ty,
O Ottt 1—f-t- o = bt ——f1 ||
4
w PR N S 0 1 O SN SV SN N O
a Alolule [alo
30 _— — 11— - — - — -4+ f— ——— L —] elmploiCiD
z| B 22 [
SN U W N U N N - N N R a{dlPM (=]
sl 5™
P I I O I O Y RN i =12 |2
3k
wpd LA ] R L % al°
o}
iR Eg ] LY elR[BlEn
0 CH 3N 3¢ Q)
) s i 8 ¥
100 |‘p ; I?ll ninu MILLIMETRES u;)m n.m}ou i Q S
l' z‘ I‘ o,Is nll n'm oclmr INCHES l;) 0 'TI r.’t)’ S
=y =t po
“lo i
GRAIN SIZE 7 o
SAND fine to medium-grained, little gravel, trace silt ﬁ 4 S
e R mmee s 0, = 0:16 :F
D, = . men. X
e D= 0:35 mm | IV >
Cu 2.2 |y S
0.86 v
GRAVEL 12.1%|sanp 85.1 %lriNES 2.8  %IsOIL GROUP SP Ce - o
-]
NOTE: UNIFIED SO1L CLASSIFICATION 5YSTEM




PERCENT FINER THAN

GRAVEL SIZES SAND SIZES
FINES (SILT OR CLAY)
COARSE |  Fine coanse[ weowm | e .
U.S. STANDARD SIEVE SIiZES '
100 3 2 1y 7 [ Ih., . I" (A1) lZO_ 40 B0 [ A1+0] P20 #325
90 - 4. f} — _WM‘ - l l l|_ L _4‘ Y S S L4 41— -1
L — e —_ - ﬁ . b — SN W S [ U SN Wy (PR A — " .
% u *"\\ L i
—— L 1 31—} - _— —_— JR— - — — —_ R PR S ——— ‘* - — _—— N W S [ — I —
ol Ll bl S O S A I SO U T O I A S PR PO 0 N S L)
L bt - - — - e e RN WU [N NN N N NN G SR | S O N SR RSN I, T S
60 | A VY N I T Y SN B | R B N 1L
-3 1 3 I G— L ¢+ 11 1 - 4+ -
50 - L - — i - S S 1 1 T N Y + L
[ Y I N N — N0 1 _ Y T R _
FT,Y S oy Y N Y DO S - e - B B S . Y Uy
2L 0 S O I O O O . L ]
30 S - S B N S Y Ty T O i ]
20 -4 4 —3 1} —— 1 — - - 1 ) A N P B
1+t -+—1 -t A RN S T N A — —bee e PR R S HE
P17 S I D I N N e S B - _ - U I ) S i
o:]l [ l I l ] H ] ] L l I
100 0 3 0 0.0* MILLIMETRES 2 oot 2.0001
—_ L 1 1 i 1 J
: ; |' D.]5 uli l}‘ul @ |'m| INCHES
GRAIN SIZE
CLAY silty, some fine to coarse sand, trace fine gravel o
w = mm.
- o o Dy, = _ mm.
Dy = mm.
CU
GRAVEL 4.4 %|SAND 21.9 %|FINES 73.7 %|s0IL GROuP SC-CL Ce

NOTE: UNIFIED S50HL CLASSIFICATION SYSTEM
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GRAVEL SIZES SAND SIZES FINES (SILT OR C l
COARSE [ FINE COARSEI MEDIUM ] FINE ‘ ORCLAY)
U.S. STANDARD SIEVE SIZES
100 3 2 1y [ 'r.'r ;4 "o 20 _040 "o 1100 12 #3125 Q a I
D P
. N | NN N O (O B Y O O T . i . - > |2
ML J_L_ . 9 0 | S ) i _ . - ) Y S (R | | E ag
AN S N O O I T 1 S z
o b
o - L 4 1 -} '1'; 0
e AN EEin N éla
-
- N - O ;ld
Zz c gl
< -t - ifiEnatns - 7la
x D 2=z
z - - - A < {3
% —_—t— - —— —ttrtrr -t m w |-
o e - — = 58
'_ o -
z e I N i
i
Q — S U L |- L1
m
— “ . N S— -
a MMolwe |ol e
R Y — - — - - olm| PO - |
| iv|z[® |=10
— N ) I - L1 A ol 'U;‘ = :;'
| XA o
M1 —= e frene -1 - -
| N | 1 A . . 3 rilz
1 10
- S 1 N A O | ﬁ A
- — S — e — — SR - — +— o
v) 0
dedic
|io ' ' I : llu I : [ Oll : n_lm MILLIMETRES o:)m g,ogm [l g 8 ’v;'
1 H t D3 o1 0o 0 001 INCHES (; ! FT' ?% 8
“ls| PRI
GRAIN SIZE ol Dl
GRAVEL and SAND fine to coarse gravel, fine to coarse sand, trace 0.4 = o E §
. - TrnTT T mm T e s - Dy, = i mm.
silt Dy, = 3. mm [on] g
T o D, = W__ mm. f\" >
Cy 15.0 b E
5.7
GRAVEL 55.1 %[ SAND 37.6  Y|FINES 7.3 Yo|SHL GROUP GP-GM Co — =2l - -
N
HOTE: UNIFIED SOIL CLASSIFICATION SYSTEM
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GRAVEL SIZES SAND SIZES
FINES (SILT OR CLAY)
COARSE l FINE COAHSE] MEDIUM I FINE
U.S. STANDARD SIEVE SIZES
[L] 10 2o #4060 1100 P00 #225 O alr
Fit— b — - — -}- — ] t-— - - > 1A
10
- ). T N N P _ Y SR PR _ L1 S 5 <
IR o 1T T IR w0 i
- 1 - - - - T n
7 UL N8
T 0 O e I A I R B ~1b
A =t = - e 0 ;i
Z c é|a
A1 rrT B T 11 B X A
I e
z —H - - < ;|9
& e J = N m e
z | g
z -t 5 | -
._ B N n .
= S I _ _ _ - B B
w
O _ I I S P Y . -
o
E - — 44— ¢33 1 - - -
,,,,,, S I O I Y -] L R e
| O 2|2 W2
— - }———1—}- i - -1 §-+2’:'[12,‘;,
I 2 m 7o
- - —_— —_——— . — — — +— e p———— F -4+ — Lot r-- ,,_‘
EI .
N T YT 1T i o "o
— _ _ . )= - l1 — -— N S - —_— = i 8
”” H { , o g T
| 11518
mli |ln lr : D‘l n.'au MILLIMETRES n:m n.ul)ot | g ale
:I 1‘ |' n.ra uln L nc'm INCHES g O T (:% S
=10 w
mle % \ID
GRAIN SIZE ) m e
GRAVEL fine to coarse, trace coarse sand, no silt - g 3
- - T e : - D, =.0.2 mm. " v 219
D= 925  mm ® 5
- - [ - D'o; 1400 mm. N >
o 2.3 o o
CU —1.0d (] g
GRAVEL 93,8%]|sanD 6.2 YJFINES 0 “6|S0IL GROUP GP cC—— o .
T -
HOTE: UNIFIED 50IL CLASSIFICATION $YSTEM
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GRAVEL SIZES SAND SIZES FINES (SILT OR CLA !
COARSE I FINE comsal MEDIUM l FINE ¢ o N
U.S. STANDARD SIEVE SIZES il
100 /A “7 MO l?n_ _ H_O 0 oo 200 #1325 Q a I
T D i
] - g b1 I N D I S R Y B N A ) I S . clm
0 2 |0
. R S | I B S e I N ) B _ N - _—— ——— — B N (N S |1 - <
n
%0 T 1 1EB N 3" Q
— == —HE L} . L4 im g
To B G U DU O SUNDUNY U U N N I A A== 1 O ;A
z c ¢l
< e R e St el o =ttt H 1 1 =
I ol
; 80 R - {1 - —— — +1 < % g .
wi - - ——1H—Hh == e — - m w =
Z g
s 50 ] L I I H 5
(- wl?
e S S Y O OO OO Y TN N S G — S N - A1 - Y 1 T T S N
w
Q 40 - e -t S b B — — 1 — o —— + —— e =
m
o [T - T -
30 S N W O SO A — M- - L 2 2B 1212
2 Z® Im|©
| — RN S SR S - J O S— L N Y A— L - al Ao lzis
A I e A
20 . S O N 1 b Ly =2 s
|— —t—-— - — _ — l—— S S W S i I =
= O
“’{ TV I | —'] - SopTT En . i1EE ﬁ §
MILLIMETRES @ ) 8 (-
[ ° ; o o o0 | BIEIB
T T T T T T = vl Y
7 1 oy o an 0 o1 INCHES EE - 118 |
mlo w i |\O
GRAIN SIZE gl @l
GRAVEIL, fine to coarse, trace coarse sand m 1=y
= L e e ML - ) o ol (=]
i - Dw=__2:8 mm E 5]
D, = 9 ',-'-L mm. o
, — e e on 2 140 mm | R 3
€y 2.4 - H
c 1.11 e =
GRAVEL 94,1% |SAND 5.2  %]|FINES 0.7  %|s0IL GROUP GP c 5 v
[
NOTE: UNIFIED SOIL CLASSIFICATION SYSTEM
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PERCENT FINER THAN

GRAVEL SIZES SAND SIZES
FINES (SILT OR CLAY)
COARSE ] FINE comss[ ME DIUM l FINE
U.S. STANDARD SIEVE SIZES
100 3 21y fa . L L1 o 720 140 fe0  #100 #200 #1325
20 | S | N . o _ N D S | N T .
" spt—4++1— - S U O N A ) S 5 -
ottt p——t— -t — S N H -
B0 — O - — - . .
S0 [ W Y NI WUV PN S [UVEURVE, PO I — - A 1 U
- e - ————— —— - . S S N S . —— . — -
@ B I N e =l ) I Y 4
30 4§ 1 —_ N S U I I O N (O AU B 0 N I S —
20— =} - Y R —} - T — L
10 j N N — - e b . A N 1N Y N SO 1 N O I P
T|P 1 j ll‘ ll N IH| | | " v”‘ uk 7 | I 1N ”__
old i1 (1l
100 12 1 o 0.0¢ MILLIMETRES 0 001 0.000%
i r T I T i 7 1 T L T L 1 J
3 H ' o o 001 @ oot INCHES
GRAIN SIZE .
SAND and SILT fine to coarse sand
) T T - D,o = mm.
0, = mm.
TTrTTTTTm T T - o ° - T D.,, = mm.
Cu
GRAVEL 0 %]|sanD 53,7 “%|FINES 46.3  %|SOIL GROUP SM=MI, Ce

NOTE: UNIFIED S5OIL CLASSIFICATION SYSTEM
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GRAVEL SIZE SAND SIZES
IZES FINES (SILT OR CLAY)
COARSE | FINE comssl MEDIUM ] FINE . @
U.S. STANDARD SIEVE SIZES '
100 1 20 0 0D 1100 P00 925 Q § T
i R R T e L L 1
b~ ilo
%0 - Pt — =ttt - -1 - E <
L)L 7
. N S _ IRNN 1 m
S S S S 11 L 1 m ‘fo
o[- ~T T Qi
z i C gln
« B S B - T I zl=
= 80 - 30 I Y < 3 g '
= B A I B A moCle
z 2
2 . T = it
- - B R ~ _ L N I B [0 &
E :
3] 0 S S [ T i I L —
[
il —_— - _ {1
a. Alolvle [a]®
30 = - A —1 41— - 1 — 11 olm| PO |
IR E4E R =1]e]
| _ | . N B W N | _ R . al oM=<
slx|clx S]m
z (4] @] 9]
20 = HH- : nhARE
\N- __ Y T N Ll | I I P (z)
el 1l ST TR o Ui g o
I ‘[[J V I { - - ] V "-] | - | R i 7 H U m O 0
o Sl
100 10 : o o0 MILLIMETRES oioou o.o:m | w @ cOn]C_:;
J' :l |l ols urn olm ngm INCHES E I T %S
“ol 118
GRAIN SIZE o ' I E
GRAVEL fine, some medium to coarse sand, little silty clay = as
— — - - D, = mm. Dé v
T T T T D“ = mm. E\J w
& S 2
GRAVEL 63.4%, | SAND 22.7 oL lrines 13.9 %1501l GROUP G C o g
=t .
NOTE: UNIFIED SQIL CLASSIFICATION SYSTEM “
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GRAVEL SIZES SAND SIZES
FINES (SILT OR CLAY)
COARSE |  FINE coanse|  meDwm | FINE -
U.S. STANDARD SIEVE SIZES ° '
Yo (L] 10 7o 0 [ LTE I BT #2000 #3259 “
“Hl | 1 | g g ;
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