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1.0 INTRODUCTION

The following report has been prepared on the subsurface soil conditions existing at site
of the proposed Joussard Climate Station to be constructed within
NW-1/4-23-73-13-W5M, in the Municipal District of Big Lakes, Alberta.

Authorization to conduct this investigation was provided on December 12, 2013 by
Mr. Eric Lumiey of Stephens Kozak ACI Architects and Planners. The Terms of
Reference for this investigation were presented in P. Machibroda Engineering Ltd.
(PMEL) Proposal No. 1210-2664, dated December 10, 2013.

The field test drilling and soil sampling were conducted on January 14, 2014.
2.0 FIELD INVESTIGATION

Seven test holes, located as shown on the Site Plan, Drawing No. A13-2314-1, were dry
drilled using our limited access, continuous flight, solid stem auger drill rig. The test
holes were 150 mm in diameter and were extended to depths of 3 to
4.5 metres below the existing ground surface.

Test hole drill logs were compiled during test drilling to record the soil stratification, the
groundwater conditions, the position of unstable sloughing soils and the depths at which
cobblestones and/or boulders were encountered.

Both relatively undisturbed and disturbed soil samples were collected during test drilling.
Relatively undisturbed soil samples were collected by hydraulically pushing thin walled
(Shelby) tubes into the bottom of the test hole as drilling advanced. The Shelby tubes
were sealed with polyethylene bags to minimize moisture loss. Disturbed samples of
auger cuttings, collected during test drilling, were sealed in plastic bags to minimize
moisture loss. The soil samples were taken to our laboratory for analysis.

P. MACHIBRODA ENGINEERING LTD.
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3.0 FIELD DRILL LOGS

The field drill logs recorded during test drilling have been shown plotted on
Drawing Nos. A13-2314-2 to 8, inclusive.

The ground surface elevation at each Test Hole location was reference to a bolt on the
existing power pole (approximately 1.8 metres above the existing ground surface), located
approximately as shown on the Site Plan, Drawing No. A13-2314-1. A datum elevation of
100.00 metres was assumed for boit on the powerpole.

3.1  Soil Profile

The general subgrade soil conditions consisted of organic topsoil (100 to 600 mm thick)
overlying glacial till, which extended to a depth of at least 4.5 metres below existing ground
surface, the maximum depth explored with our test holes at this site. Inter/intra silt and

sand seams/layers were encountered within the glacial till stratum.

Clay shale was encountered in Test Hole No. 13-2 at a depth of 2.8 metres below existing
ground surface.

3.2 Groundwater Conditions, Sloughing
The test holes remained open and dry during and immediately after test drilling.

3.3 Cobblestones, Boulders and Bedrock

Cobblestones/boulders were encountered in Test Hole No. 13-3 at a depth of
approximately 3.4 metres below existing ground surface.

Clay shale (bedrock) was encountered in Test Hole No. 13-2 at a depth of 2.8 metres
below ground surface.

P. MACHIBRODA ENGINEERING LTD.
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The glacial till consisted of a heterogeneous mixture of gravel, sand, silt and clay-sized
particles. The glacial till strata also contained sorted deposits of the above particle
sizes. In addition to the sorted deposits, a random distribution of larger particle sizes in
the cobblestone range (60 to 200 mm) and boulder-sized range (larger than 200 mm)
were encountered during test drilling.

It should be recognized that the statistical probability of encountering cobblestones
and/or boulders in the small diameter Test Holes drilled at this site was low. Intertill
deposits of cobblestones, boulders, boulder pavements and isolated deposits of
saturated sand or gravel should be anticipated. The frequency of encountering such
deposits will increase proportionately with the number of holes drilled and/or volume
excavated.

4.0 LABORATORY ANALYSIS

The soil classification and index tests performed during this investigation consisted of a
visual classification of the soil, water contents, unit weights, Atterberg limits, unconfined
compressive strengths and grain size distribution analysis.

The results of soil classification and index tests conducted on representative samples of
soil recovered from this site have been plotted on the drill logs alongside the
corresponding depths at which the samples were recovered as shown on

Drawing Nos. A13-2314-2 to 8, inclusive.

The results of the grain size distribution analyses have been shown plotted on Drawing
Nos. A13-2314-9 to 11, inclusive. |

5.0 DESIGN RECOMMENDATIONS

Based on the foregoing outline of soil test results, the following foundation design
considerations and recommendations have been presented.

P. MACHIBRODA ENGINEERING LTD.
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5.1 Design Considerations

It is understood that the Joussard Climate Station will consists of an access road and a
gravel pad area.

The general subgrade soil conditions consisted of organic topsoil overlying glacial till to the
maximum depth explored. Clay shale was encountered in Test Hole No. 13-2. The
subgrade soils are frost susceptible and the average depth of frost penetration for the
Joussard area is approximately 2.5 metres.

Recommendations have been prepared for site preparation; gravel pad area and
access road.

5.2  Site Preparation

All organic topsoil and deleterious materials should be removed from the site. Staining
and root intrusion from the overlying organic material and roots may be encountered
during excavation within the subsurface mineral soils. If these conditions are
encountered, a representative of the geotechnical consultant should inspect the site
during excavation to verify the depth of organic topsoil which should be removed. In
addition to organic topsoil, all loose fill and other deleterious materials should also be
removed. See Appendix B for further information in regards to topsoil composition and
soil structure.

The surface of the subgrade should be leveled and compacted to the following minimum
density requirements.

Roadway/Pad Areas 96 percent of standard Proctor density at optimum moisture
content.

Landscape Areas 90 percent of standard Proctor density at optimum moisture
content.

P. MACHIBRODA ENGINEERING LTD.
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Fill, required to bring the subgrade soil to the design subgrade elevation in the roadway
area, should preferably consist of granular soil or local soil (glacial till). The fill should
be placed in thin lifts (maximum 150 mm loose) and compacted to 98 percent of
standard Proctor density at optimum moisture content. All fill materials should be
approved by the Geotechnical Consultant prior to use.

5.3 Gravel Pad Area and Access Road

The following minimum recommendations should be incorporated into the design of the
gravel pad area and access road.

1. All topsoil, organics and other deleterious materials should be removed from the
proposed construction area.

2. Scarify the upper 150 mm of the subgrade soil, moisture condition and compact
to 96 percent of standard Proctor density at optimum moisture content. If wet
and/or unworkable areas of weak subgrade are encountered, the soft areas
should be excavated and replaced with non-expansive fine grained soils and
compacted to 96 percent of standard Proctor density.

3. The need for special measures (i.e., overexcavation, geotextile, geogrid, cement
stabilization and/or gravel fill) in soft areas must be subject to review by the
Geotechnical Consultant during field construction. Based on the actual
conditions encountered at the time of construction, the pavement structure may
need to be modified to accommodate the construction equipment and the
intended use. To minimize disturbance of the subgrade soil, all necessary
excavation should be performed with a backhoe or gradall equipment. The
excavating’/hauling equipment should not be allowed to travel on the prepared
subgrade. The use of light equipment will be required for moisture conditioning,
leveliing and compaction of the uppermost 150 mm of the subgrade at final
design elevation. The granular sub-base should be placed by the end-dump
method to avoid heavily loaded traffic on the prepared subgrade.

P. MACHIBRODA ENGINEERING LTD.
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4. As a subgrade support, the California Bearing Ratio (CBR) rating of the
compacted subgrade soil should be in the order of 3. Based on the CBR rating,
the following pavement structures have been presented in Table .
TABLEIl. THICKNESS DESIGN
Light Truck/Passenger
Vehicle Traffic Wheel
Structure Grave(l:;e)a Pad Loading
(1,830 kg)
(mm)
Granular Base 100 100
(Min CBR = 80)
Granular Sub-Base 250 250
(Min CBR =20)
Prepared Subgrade (150) (150)
Geotextile As Required As Required
Total Thickness 350 350
5. Subgrade fill, if required, should consist of imported granular material. Subgrade
fill should be placed in thin lifts (150 mm loose, maximum) and compacted to
96 percent of standard Proctor density at optimum moisture content.
6. All granular fill placed above the subgrade elevation should be placed in thin lifts

(150 mm loose) and compacted to 98 percent of standard Proctor density.

The granular base and sub-base course material should meet the aggregate

gradation requirements presented in Table II.

P. MACHIBRODA ENGINEERING LTD.



PMEL File No. A13-2314

February 7, 2014

Page 7

TABLEll. AGGREGATE GRADATION REQUIREMENTS
PERCENT PASSING
GRAIN SIZE (mm)
*BASE COURSE **SUB-BASE COURSE
80.0 - 100
50.0 - 55-100
25.0 100 38-100
20.0 82-97
16.0 70-94 32-85
10.0 52-79
5.0 35-64 20-65
1.25 18-43
0.630 12-34
0.315 8-26 6-30
0.160 5-18
0.080 2-10 2-10
Plasticity Index (%) 0-6 0-8
CBR (min.) 80 25
% Fracture (min.) 60 --

*Alberta Transportation — Designation 2, Class 25
**Alberta Transportation — Designation 6, Class 80

infiltration through the pad/roadway structure.

the roadway structure.

Positive surface drainage is recommended to reduce the potential for moisture
Surface water should be prevented from seeping back under the outer edges of

Periodic maintenance such gravel regrading will be required.

P. MACHIBRODA ENGINEERING LTD.
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6.0 LIMITATIONS

The presentation of the summary of the field drill logs and design recommendations has
been completed as authorized. Seven, 150 mm diameter test holes were dry drilled
using a continuous flight auger drill rig. Field drill logs were compiled for the Test Holes
during test drilling which, we believe, were representative of the subsurface conditions
at the Test Hole locations at the time of test drilling.

Variations in the subsurface conditions from that shown on the drill logs at locations
other than the exact test hole locations should be anticipated. If conditions should differ
from those reported here, then we should be notified immediately in order that we may
examine the conditions in the field and reassess our recommendations in the light of
any new findings.

No detectable evidence of environmentally sensitive materials such as hydrocarbon
odour was detected during the actual time of the field test drilling program. If on the
basis of any knowledge, other than that formally communicated to us, there is reason to
suspect that environmentally sensitive materials may exist, then additional test holes
should be drilled and samples recovered for chemical analysis.

The subsurface investigation necessitated the drilling of deep test holes. The test holes
were backfilled at the completion of test drilling. Please be advised that some
settlement of the backfill materials will occur which may leave a depression or an open
hole. It is the responsibility of the client to inspect the site and backfill, as required, to
ensure that the ground surface at each Test Hole location is maintained level with the
existing grade.

P. MACHIBRODA ENGINEERING LTD.



PMEL File No. A13-2314 February 7, 2014 Page 9

This report has been prepared for the exclusive use of Stephens Kozak ACI Architects
and Planners and their agents for specific application to the Joussard Climate Station to
be constructed within NW-1/4-23-73-13-W5M, in the Municipal District of Big Lakes,
Alberta. It has been prepared in accordance with generally accepted geotechnical
engineering practices and no other warranty, express or implied, is made.

Any use which a Third Party makes of this report, or any reliance on decisions to be
made based on i, is the responsibility of such Third Parties. Governing Agencies such
as municipal, provincial or federal agencies having jurisdiction with respect to this
development and/or construction of the facilities described herein have full jurisdiction
with respect to the described development. Any other unspecified subsequent
development would be considered Third Party and would, therefore, require prior review
by PMEL. PMEL accepts no responsibility for damages, if any, suffered by any Third
Party as a result of decisions made or actions based on this report.

The acceptance of responsibility for the design/construction recommendations
presented in this report is contingent on adequate and/or full time inspection
(as required, based on site conditions at the time of construction) by a representative of
the Geotechnical Consuitant. PMEL will not accept any responsibility on this project for
any unsatisfactory performance if adequate and/or full time inspection is not performed
by a representative of PMEL.

If this report has been transmitted electronically, it has been digitally signed and
secured with personal passwords to lock the document. Due to the possibility of digital
modification, only originally signed reports and those reports sent directly by PMEL can
be relied upon without fault.

P. MACHIBRODA ENGINEERING LTD.
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We trust that this report fulfills your requirements for this project. Please contact our
office if you should require additional information.
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4 N.....STANDARD PENETRATION TEST
24 SAFETY HAMMER w/AUTOMATIC TRIF)
3 1971 \{ 50/125 = BLOWS/SAMPLER
¢ PENETRATION [mm])
h/
o SO .....SULPHATE CONTENT
(> (PERCENT OF DRY SOIL WEIGHT)
P\
4 { P200...%Z PASSING No. 200 SIEVE
va
.2 .A.D.....IMMEDIATELY AFTER DRILLING
21.3
~...RECORDED WATER LEVEL
. NOTE: (TEST HOLE )A.D.)
5 1d-ry Tootjiole open to 4.5 m ond | RECORDED WATER LEVEL (PIEZO)
SHELBY ~ SPLT  CUTTINGS
TUBE SPOON
6 } LIMITATIONS: THE FIELD DRILL LOG IS
; ) A SUMMARY OF THE SUBSURFACE
CONDITIONS ENCOUNTERED AT THE
SPECIFIC TEST HOLE LOCATION AT THE
TIME OF TEST DRILLING. SUBSURFACE
! CONDITIONS MAY VARY AT OTHER
7 LOCATIONS OF THIS SITE AND, IN TIME,
MAY CHANGE AT THIS SPECIFIC TEST
HOLE LOCATION.
8 ? P. MACHIBRODA
. " ENGINEERING
LTD.
9 ‘ FIELD DRILL LOG
AND
SOIL TEST RESULTS
PROJECT:
10 JOUSSARD CLIMATE STATION
LOCATION:

WITHIN NW-1/4-23-73-13-W5M,
.M.D. OF BIG LAKES, AB

NORTHING: 6133315 EASTING: 570064

DATE DRILLED: DRAWING NUMBER:
JAN 14/14 A13-2314-5
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TEST HOLE 13-56

ELEV:99.0 m

TOPSBOIL, organics, moist, black,
ootlets, wood chips.

GLATIAL TILL, clay, some silt,
some sand, trace gravel, medium
plastic, moist, brown.

LA T T e T e T 4

—sandy, frozen to 1.0 m.
~firm below 1.0 m.

-gtiff below 1.5 m.
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—
—
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NOTE:
1. Test Hole open to 3.0 m and
dry LA.D.

LEGEND:
A\

N/

A\

“ﬂ&“"

W.....WATER CONTENT
(PERCENT OF DRY SOIL. WEIGHT)

Lw...LQUID LiMIT
Pw...PLASTIC LIMIT
Yo..WET UNIT WEIGHT (kN/m?)

U.....UNCONFINED COMPRESSIVE
STRENGTH (kPa)

pp...POCKET PENETROMETER (kg/cm?)

N....STANDARD PENETRATION TEST
SAFETY HAMMER w/AUTOMATIC TRIP)
50/125 = BLOWS/SAMPLER
PENETRATION [mm])

S04 .....SULPHATE CONTENT
. (PERCENT OF DRY SOIL WEIGHT)

P200...X PASSINC No. 200 SIEVE
I.A.D....IMMEDIATELY AFTER DRILLING

...RECORDED WATER LEVEL
(TEST HOLE 1A.D.)

W...RECORDED WATER LEVEL (PIEZO)

SR
§ IR

%
TO

3] X
SHELBY  SPLT  CUTIINGS
TUBE  SPOON

LIMITATIONS: THE FIELD DRILL LOG IS
A SUMMARY OF THE SUBSURFACE
CONDITIONS ENCOUNTERED AT THE
SPECIFIC TEST HOLE LOCATION AT THE
TIME OF TEST DRILLING. SUBSURFACE
CONDITIONS MAY VARY AT OTHER
LOCATIONS OF THIS SITE AND, IN TIME,
MAY CHANGE AT THIS SPECIFIC TEST
HOLE LOCATION.

? P. MACHIBRODA
m ENGINEERING
LTD.
FIELD DRILL LOG
AND .
SOIL TEST RESULTS
PROJECT:
JOUSSARD CLIMATE STATION
LOCATION:

WITHIN NW-1/4-23-73-13-W5M,
M.D. OF BIG LAKES, AB

NORTHING: 6133323 EASTING: 570002

DATE DRILLED: DRAWING NUMBER:
JAN 14/14 A13-2314-6
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TEST HOLE 136

ELEV: 88.9 m

o
o

D:

FILL SAND CLAY
5% N
7% \§ NY [
TOPSOL CLAY SILT GLR&AL

TOPSOIL, organics, moist, black.

‘4

GLACIAL TILL, clay, some silt,

some sand, trace gravel, medium
plastic, moist, brown.

NZN/NS

214

—frozen to 1.0 m.
—stiff below 1.0 m.

R G L L]

21.3

\/\/\/\)\/\/\/\/\/\/\/

NOTE:
1. Test Hole open to 3.0 m and
dry 1.A.D.

W....WATER CONTENT
(PERCENT OF DRY SOIL WEIGHT)

Lw...LIQUID LIMIT
Pw...PLASTIC LIMIT
Y...WET UNIT WEIGHT (kN/m?)

U.....UNCONFINED COMPRESSIVE
STRENGTH (kPa)

pp...POCKET PENETROMETER (kg/cm?)

N.....STANDARD PENETRATION TEST
SAFETY HAMMER w/AUTOMATIC TRIP)
50/125 = BLOWS/SAMPLER
PENETRATION [mm])

SOy .....SULPHATE CONTENT
(PERCENT OF DRY SOIL WEIGHT)

P200...% PASSING No. 200 SIEVE
LA.D.....IMMEDIATELY AFTER DRILLING

~7...RECORDED WATER LEVEL
(TEST HOLE IAD.)

W...RECORDED WATER LEVEL (PIEZO)

B X
SHELBY SPUT CUTTINGS
TUBE SPOON

LIMITATIONS: THE FIELD DRILL LOG 1S
A SUMMARY OF THE SUBSURFACE
CONDITIONS ENCOUNTERED AT THE
SPECIFIC TEST HOLE LOCATION AT THE
TIME OF TEST DRILLING. SUBSURFACE
CONDITIONS MAY VARY AT OTHER
LOCATIONS OF THIS SITE AND, IN TIME,
MAY CHANGE AT THIS SPECIFIC TEST
HOLE LOCATION.

? P. MACHIBRODA
" ENGINEERING
LTD.
FIELD DRILL LOG
AND :
SOIL TEST RESULTS

PROJECT:

JOUSSARD CLIMATE STATION
LOCATION:

WITHIN NW-1/4-23-73-13-W5M,
M.D. OF BIG LAKES, AB

NORTHING: 6133330 EASTING: 569939-

DATEDRILLED: | DRAWING NUMBER:
JAN 14/14 A13-2314-7
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TEST HOLE 13-7

N U YwpPwlw w ELEV:98.7 m

PP

13

ot

184 K

20,9

b/
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TOPSOIL, organics, moist, tlack.

GLACIAL TILL, clay, some silt,
some sand, trece gravel, firm, low
plastic, moist, brown.

—sandy, frozen to 500 mm.
—medium plastic below 600 mm.

NOTE:
1. Test Hole open to 3.0 m and
dry LA.D.

LEGEND:

o FiILL N SAND C .
(>0
PSOIL CLAY SILT GlﬁN.

w.....WATER CONTENT
(PERCENT OF DRY SOIL WEIGHT)

Lw...LIQUID LIMIT
Pw...PLASTIC LIMIT
Yo..WET UNIT WEIGHT (kN/m?)

U.....UNCONFINED COMPRESSIVE
STRENGTH (kPa)

pp...POCKET PENETROMETER (kg/cm®)

N.....STANDARD PENETRATION TEST
SAFETY HAMMER w/AUTOMATIC TRIP)
50/125 = BLOWS/SAMPLER
PENETRATION [mm])

S04 .....SULPHATE CONTENT
(PERCENT OF DRY SOIL WEIGHT)

P200...% PASSING No. 200 SIEVE
I.A.D....AMMEDIATELY AFTER DRILLING

...RECORDED WATER LEVEL
(TEST HOLE LA.D.)

W...RECORDED WATER LEVEL (PIEZO)

ke X
SHELBY SPUT CUTTINGS
TUBE SPOON

LIMITATIONS: THE FIELD DRILL LOG IS
A SUMMARY OF THE SUBSURFACE
CONDITIONS ENCOUNTERED AT THE
SPECIFIC TEST HOLE LOCATION AT THE
TIME OF TEST DRILLING, SUBSURFACE
CONDITIONS MAY VARY AT OTHER
LOCATIONS OF THIS SITE AND, IN TIME,
MAY CHANGE AT THIS SPECIFIC TEST
HOLE LOCATION.

P. MACHIBRODA
ENGINEERING
LTD.

FIELD DRILL LOG
AND
SOIL TEST RESULTS

PROJECT:
JOUSSARD CLIMATE STATION

LOCATION:

WITHIN NW-1/4-23-73-13-W5M,
M.D. OF BIG LAKES, AB

NORTHING: 6133313 EASTING: 569874

DATE DRILLED: DRAWING NUMBER:
JAN 14/14 A13-2314-8




ASTM D422: GRAIN SIZE ANALYSIS OF SOIL

Project: Joussard Climate Station
Within NW-1/4-23-73-13-W5M, M.D. of Big Lakes, AB
Project No.: A13-2314
Date Tested: January 22, 2014
Test Hole No.: 14-2
Sample No.: 9
Depth (m): 3.0
Siev alysis: Sieve Diameter % Hydrometer Analysis: Diameter %
mm Finer mm Finer
3" 76.2 100 Dispersing Agent: 0.0607 614
o 50.8 100 Sodium Hexametaphosphate 0.0438 53.2
1" 25.4 100 0.0314 46.8
3an 191 100 0.0225 44.1
3/8" 9.5 100 0.0160 42.6
#4 4.75 100 0.0117 40.5
#10 2.00 100 0.0083  37.3
#20 0.850 29 0.0060 336
#40 0.425 98.4 0.0042 30.5
#60 0.250 96.7 0.0030 28.9
#100 0.150 94.4 0.0021 26.1
# 200 0.075 80.6 0.0012 227
Material Description:
% Gravel Sizes % Sand Sizes % Silt Sizes % Clay Sizes
0 10 64 26
Remarks:
(—— : ) SR ——
BOULDERS | GOBBLES SRAVEL SZES — SANDSIZES s SILT AND CLAY SIZES
| . § Coarse | Fia | Coarse Madun. I Fine .
le e e ole al
* T T T =} g
100 W& " 2 A W ke #lo #20__ :‘n #o0 #100__#200
el
T4
0 I
|
80 1
e 70
a
&=
E 60
L 50 N
fs S
s 40 [ I
-9 %
A
30
™~
20
10 Y
o 1
1000 100 10 1 0.1 0.01 0.001
Grain Size (mm)
R | P. MACHIBRODA PRAWINGNO.
ENGINEERING LTD. A13-2314-9




ASTM D422: GRAIN SIZE ANALYSIS OF SOIL
{Project: Joussard Climate Station
Within NW-1/4-23-73-13-W5M, M.D. of Big Lakes, AB
Project No.: A13-2314
Date Tested:  January 22, 2014
Test Hole No.:  14-3
Sample No.: 11
Depth (m): 0.5
F§ieve Analysis: Sieve Diameter % r t alysis: Diameter %
mm Finer mm Finer
3" 76.2 100 Dispersing Agent: 0.0588 62.4
2" 50.8 100 Sodium Hexemetaphosphate 0.0428 56.9
1" 254 100 0.0306 513
3/4 19.1 96 0.0217  S0.4
arg" 9.5 86 0.0165  47.9
#4 475 98 0.0114 456
#10 2.00 96 0.0081 42.7
#20 0.850 94 0.0058  39.5
#40 0.425 a1.5 0.0041 36.1
#60 0,250 85.6 0.0029 32.7
#100  0.150 7.7 0.0021 29.5
#200 0.075 63.0 0.0012  26.0
WMaterfal Description:
[% Gravel Sizes % Sand Sizes % Silt Sizes % Clay Sizes
4 33 33 30
Remarks:
powpiRs | copblgs | GRAVELSIES { SANDSIZES P I| SILT AND CLAY 81226
: B L Mogrse o P Cgess 0 Bedir ) Fe T .
le. »le sle ale N|
I F ) T =|H g
10" 6" "2 17 38" 38" ) #10 #20 #40  #80 #100 #200
100 i
90 il [T -
| N
N
80 \\
e 70 N
2 N
= &0
2
L 50
§ {
%
g | I N
30 N
| ™~
20
10 ﬂ !
0
1000 100 10 1 0.1 0.01 001
Graln Size (mm) 8.00
DRAWING NO.
P“ P. MACHIBRODA
ENGINEERING LTD. A13-2314-10




ASTM D422: GRAIN SIZE ANALYSIS OF SOIL

Project:

Project No.:
Date Tested:
Test Hole No.: 14-5

Joussard Climate Station
Within NW-1/4-23-73-13-W5M, M.D. of Big Lakes, AB
A13-2314
January 22, 2014

ENGINEERING LTD.

Sample No.: 25
Depth (m): 3.0
Sieve Analysis: Sleve Diameter % |Hydrometer Analysis: Diameter %
mm Finer mm Finer
ar 76.2 100 Dispersing Agent: 0.0587 685.8
" 50.8 100 Sodium Hexametaphosphate 0.0419 60.8
1" 254 100 0.0302 53.8
314" 19.1 100 0.0215 51.0
38" 9.5 100 0.0154 486
#4 4.75 100 0.0114 45.7
#10 2.00 100 0.0081 42.2
#20 0.850 95 0.0058 378
#40 0.425 88.2 0.0041 36.2
#60 0.250 793 0.0030 32.4
# 100 0.150 74.0 0.0021 29.9
# 200 0.075 66.4 0.0012 26.1
Material Description:
% Gravel Sizes % Sand Sizes T St Sizes % Clay Sizes
0 33 37 30
Remarks:
[ o — N
| BOULDERS | GOBBLES |. GRAVEL S1ES SAND 81228 SILT AND CLAY SIZES
I S ) T Comse™| Fwme i _Coase ! __ Modum | Fine
le— ole e ole W K|
| T b ) A
100 0 6" o 1" 34" e #4 #10 #20 #40  ¥80 #100 #200
T~
90 ’PJ\
80 T
™
e 70 \\
H X
T 50 A
i ™
Y
40
@ o
o e
N
. |
. |||
10
0
1000 100 10 4 .1 0.01 0.001
Grain Size (mm)
DRAWING NO.
P P. MACHIBRODA
] A13-2314-11




APPENDIX A

EXPLANATION OF TERMS ON TEST HOLE LOGS

P. MACHIBRODA ENGINEERING LTD.



CLASSIFICATION OF SOILS
Coarse-Grained Soils: Soils containing particles that are visible to the naked eye. They include gravels and
sands and are generally referred to as cohesionless or non-cohesive soils. Coarse-grained soils are soils
having more than 50 percent of the dry weight larger than particle size 0.080 mm.
Fine-Grained Soils: Soils containing particles that are not visible to the naked eye. They include silts and

clays. Fine-grained soils are soils having more than 50 percent of the dry weight smaller than particle size
0.080 mm.

Organic Soils: Soils containing a high natural organic content.

Soil Classification By Particle Size

Clay — particles of size < 0.002 mm
Silt — particles of size 0.002 - 0.080 mm
Sand — particles of size 0.06 — 2.0 mm
Gravel - particles of size 2.0-60mm
Cobbles — particles of size 60 — 200 mm
Boulders — particles of size >200 mm

TERMS DESCRIBING CONSISTENCY OR CONDITION

Coarse-grained soils: Described in terms of compactness condition and are often interpreted from the results
of a Standard Penetration Test (SPT). The standard penefration test is described as the number of blows, N,
required to drive a 51 mm outside diameter (O.D.) split barrel sampler into the soil a distance of 0.3 m (from

0.15 m to 0.45 m) with a 63.5 kg weight having a free fall of 0.76 m.

Compactness SPT N-ndex
Condition {blows per 0.3 m)
Very loose 0-4
Loose 4-10
Compact 10-30
Dense 30-50
Very dense Over 50
Fine-Grained Solls: Classified in relation to undrained shear strength.
Undrained
Shear N Value
Consistency Strength (Approximate) Fleld identification
(kPa)
Very Soft <12 0-2 Easlly penetrated several centimetres by the fist.
Soft 12-25 2-4 Easily penetrated several centimetres by the thumb.
Firm 25-50 4-8 Can be penetrated several centimetres by the thumb with moderate effort.
Stiff 50-100 8-15 Reaedily indentsd by the thumb, but penetrated only with great effort.
Very Stiff 100-200 15-30 Readily indented by the thumb nail.
Hard >200 >30 Indented with difficulty by the thumbnail.
Organic Soils: Readily identified by colour, odour, spongy feel and frequently by fibrous texture.
DESCRIPTIVE TERMS COMMONLY USED TO CHARACTERIZE SOILS
Poorly Graded - predominance of particles of one grain size.
Well Graded - having no excess of particles in any size range with no intermediate sizes lacking.
Mottled - marked with different coloured spots.
Nuggety - structure consisting of small prismatic cubes.
Laminated - structure consisting of thin layers of varying colour and texture.
Slickensided - having inclined planes of weakness that are slick and glossy in appearance.
Fissured - containing shrinkage cracks.
Fractured - broken by randomly oriented interconnecting cracks in all 3 dimensions.
eGP opreTermeoniTestioles P. MACHIBRODA ENGINEERING LTD.




SOIL CLASSIFICATION SYSTEM (MODIFIED U.S.C.)

MAJOR DIVISION s‘f,"&'g:_ TYPICAL DESCRIPTION LABORATORY CLASSIFICATION CRITERIA
HIGHLY ORGANIC SOILS Pt PEAT AND OTHER HIGHLY ORGANIC SOILS STRONG COLOUR OR ODOUR AND OFTEN FIBROUS TEXTURE
§ g § Gw  |WELL-GRADED GRAVELS. GRAVEL-SAND C.=Dgm>4 C; = (Du’=1103
E IMIXTURES ~ <5%FINES Cu Dax Dia
£ - é CLEAN GRAVELS
w - ¥
: | 283 POORLY-GRADED GRAVELS AND GRAVEL-SAND
% o g 3 cP MIXTURES  <5% FINES NOT MEETING ALL ABOVE REQUIREMENTS FOR GW
qE § i oM f;ggsg‘s"i"s‘ A e S LLMINILRES ATTERBERG LIMITS BELOW*A" LINE OR Pi <4
a2y § E’ WIETT SHgYELS CLAYEY GRAVELS, GRAVEL-SAND-CLAY
8 . 3 G, e s ATTERBERG LIMITS ABOVE "A" LINE WITH Pl > 7
< -
g 3 a § sw |WELL-GRADED SANDS, GRAVELLY SANDS C=Dn>8 G =(Dui’=1t3
g § IMIXTURES  <5% FINES Do DaX Dyo
i § CLEAN SANDS
2
°y 18%; g UEEICRAYRD S5 OR CRAVELLY SAIS NOT MEETING ALL GRADATION REQUIREMENTS FOR SW
E g E
E T,
=3 s [SILTY SANDS, SAND-SILT MIXTURES ATTERBERG LIMITS BELOW "A" LINE OR Pl <4
B >129% FINES
g § -E DIRTY SANDS —
| CLAYEY SANDS, SAND-CLAY MIXTURES L
g L e L ATTERBERG LIMITS ABOVE "A" LINE WITH Pi 7
uL  |INORGANICSILTS AND VERY FINE SANDS. ROCK -
SILTS 4 FLOUR, SILTY SANDS OF SLIGHT PLASTICITY e
g Below "A" line on piasticity chad; - : —— -
Z nagligible organic content wH  |INORGANIC BiLTS, MICACEOUS OR el
4 DIATOMACEQUS, FINE SANDY OR SILTY SOILS L
o - i i N =
i E [y oL |NORGANIC CLAYS OF LOW PLASTICITY, We <30
g i § GRAVELLY, SANDY, OR SILTY CLAYS, LEAN CLAYS £
& CLAYS Frr— -
w
2k § Abpve ‘A" line an plasticity chart, cl g‘w SLAS DENEDIUM CLASTICTRSIETY W, >30 <50
g 5 g negligible organic cenlent :
g £ o - Imonmmc CLAYS OF HIGH PLASTICITY. FAT A
[rd é S CLAYS h
wy e ORGANIC SILTS AND ORGANIC SILTY CLAYS OF o
§ | oReANICSILTS & ORGANC LOW PLASTICITY L
£ CLAYS :
Below "A"line an plasticty chert |, | RGANIC CLAYS OF HIGH PLASTICITY W, > 50
80 — |
PLASTICITY CHART !
FOR CLASSIFICATION {
50 . OF FINE GRAINED SOILS, -
!
i
[
1 |
o
3 40 % !
b - |
i B CH YAYLINE ! |
i L
Em I
cl
3
Y 20 ]
cL
10
CL-ML S ML or OL I
P
| (] S5 W . . : - : : :
{ 0 10 20 30 40 50 o 70 80 90 100
} LIGRND LIMIT (W,)

TRcpUPMELireprel/SoliCiassChant P. MACHIBRODA ENGINEERING LTD.




APPENDIX B

TOPSOIL, ORGANIC MATTER, ORGANICS

P. MACHISBRODA ENGINEERING LTD.



‘AL ONRIFINIONI YAOU8IHOVIA “d

NS ‘uocoleyses
‘soAloadsiad AIUSH 'ISIEAA PUE |I0S 40 jooqpueH S AluaiH "£00zZ 7 AlusH

L TETEYE

‘a|yoad jios jeadA}
e ajesnsuowsap o} AjBuipioase: pajjeqe| SI uoziioy yose3 °jios
aeld |eoidA} e jo si ainby Bumojiop 8y “snoiqu/epiojjoo
pue ABuods usayo si jlosdo} ‘Aisusap Jamo] ypm Buopy
"XUjew 10S 8y} ul sjeuajew |elaulw uou pue sadeds asod
Jabie| 0) anp s1 siy] “jios juaied BuiApspun ay) o) pasedwoa
se Jybiam Jun 1amo] e pue Aysusp jinq Jamoj Ajuesyiubis e
sey jlosdo} ‘1os jessuiw 0} uosuedwod ui buijesds AjjedisAyd

‘josdoy ui Jayew
oluebio se awes ay) jou ale s)ajjoor asay} Jey} paziubooai
8q pinoys ) JaASMOH ‘jlosdo) jo yidep oy mojaq juasald
aq Aew sjo00s ‘uonejobon aoeuns syl uo BuipuadaQ
‘19he; flosdo} oebio a8y} mojeq Ajelpswiu Ios 8y} Jo
IN0|09 I3 ep B ul S)nsai siy| ‘uowiuod si posdo} BuiAano
ay) woy} Buiurels aroym ‘19fe| uolisues e s Yolym uozuoy
g oy} si {losdo) ay) Buimo||o4 'J10S 3L} JO INGj0D Yoe|q O} UMOIq
3y} 0} sa)nquuod pue ('0)@ ‘sjewlue ‘saay ‘sseib ‘saned|)
[eualew jeaibojoiq Buikesep woyy padojaaap si sa)ew ojuebio
a8yl ‘-Jeyew owuebio pue |10s |eJaulw Jo ainXiw e st posdo)

l1os ualed passyeamun

UozuoH D

M

se s)jsodep WNIpOS PUe WNIED |

‘Uau UIEjuOD OS|e Ued Ing ‘UoZUoH WV
8y} JO INO paysem uaaq sey 8Ly Aejo
Jo pasodwoo Ajjessuab si uozuoy g

ayL uozyoH v ey  woy §

UMOp palsem Usaq aAeY JEU)} Japew
JO  SUCHEINWNOOE SUIRJUOD pue
JNCJOD Ul UMOI] YSIppa) AjedidA),

UoZUoH g

"SUOHIPLIOD
onewlo pue uojeebea eoepns uo
Bupuadap ‘umoaq 0} xoe|q YEep Woy
SOUBA UOZUOY S)YI JO JnOJD eyl

‘ssew Aq 901 AlleoidA} s1 1ake| sy
40 Ju3u09 JepBw dueblo ay| 'sisfe
jusnbasqns uew) yBiam Jun Jamo]
€ pue ‘1epew 9guebio jo dn pjing e
Aq pazuaoeIRYD S ) "EIRAS |l0S 8l
Jo 12fe| jlosdo) ai) 8] uozuoy v 8y :

UoZuUcH <

.rc

xipuaddy

UoZ|I0H'§

(nosdoy)

“UozloH Y




