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SLOPE INSTABILITY OF
MOOSE RIVER BANKS
MOOSONEE, ONTARIO

SUMMARY

Four explcratory boreholes were put down for the purpose
df assessing the subsoil conditions at the site. The soil strati-
graphy consisted genera]]yrbf marine silty clay overlain by silt. '
Underlying the marine clay is a dense granular glacial till. Stability
analyses were carried out in terms of total and effective stresses.
Results showed that the critical condition existed at the "end of

2ot £

construction" stage. Various slopes for the banks were examined and

it is suggested that the banks be sloped at 4 horizontal to 1 vertical,

which will satisfy both "long term" and "end of construction" conditions,

" and provide a factor of‘safety against failure of at least 1.3,
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GENERAL

During thé past 5 to 10 years the instability of the west
river bank of the Moose River adjacent to the town of Moosonee, Ontario,
has resulted in the loss of tableland. This Tess of land takes the form
of a series of land slips when the river erodes the toe of the slope.
This report is intended to provide factual data and engineering recommend-
ations for the safe long term slope ang]e - Further reports by others
will supp]ement this data and indicate the necessary r1ver training and
toe protection.

A preliminary report, J 6702, was prepared March 1972 to
indicate the general site conditions _prior to this more detailed invest-
igation. The report prepared by Dr. E.I. Robinsky titled "Report on

- Earth Slide, Moosonee Agency, Imperial 0il Limited" and dated April

21st, 1972 was also used to assist in determining the recommendations

"~ to be made for this site. The recommendations in this report are

intended to cover the river bank from Butler Creek to Store Creek,
s i

i i B A W L 3P Ty M A T A i N S

since the soil conditions are known to be similar over this distance.

The main purpose of this field work was to provide undisturbed.
samples of the marine‘c]ay for detailed Taboratory analysis. The results

of these laboratory tests have bean used to indicate the stable slope criteria.
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FIELD AND LABORATORY WORK

Four exploratory boreholes were put down at the approximate
locations shown on Dwg. 1 by means of a diamond drill rig adapted for
soil sampling purposes.

Samples of the overburden were obtained at required depths
by: (1) a 2-inch 0.D. split-spoon sampler, which was hammered
into the soil in accordance with the specifications for the standard'
penetration test, and

(2) using a 2-inch and 3-inch I.D. Shelby tube in the cohesive
portions of the overburden. These tubes were manually pushed into the
soil. In-situ vane tests were carried out, wherever possible, in the
cohesive portions of the overburden, to determine the insitu undrained
shear strength characteristics.

A1l samples were subjected to careful visual examination in

the field and subsequently in the laboratory. Following this examination,
Taboratory testing was carried out on selected samples to determine the
following physical properties of the subsoil:

Natural Moisture Content

Natural Unit Weight

Atterberg Limits

Grain Size Distribution

Undrained Shear Strength

Drained Shear Strength Parameters

The results of these tests are plotted on the borelog sheets
and also presented as Dwgs. 6 to 14.
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SUBSOIL CONDITIONS

The subsoil at the site consists of a 3 feet to 12 feet of
loose to dense silt -to silty sand. Overlying this granular material

~ at the borehole 1 location is a 17 feet deposit of fill, which is

silt mixed with decayed wood and organic matter. Underlying the
surficial granular stratum is the predominant stratum of marine silty
clay having a thickness which ranges from 17 feet at Borehole #1 to

31 feet at Borehole #2. This compressible marine clay is followed by
a glacial till, which has a sandy silt matrix. An exception to this
was found in Borehole #3 where the marine clay was underlain by clayey
silt to silt.

From the point of view of stability of the river banks the
properties of the marine silty clay are the most important. The
engineering properties, as determined by field and laboratory testing
for the marine silty clay, are presented on Table 1.
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TABLE 1
PROPERTIES OF MARINE CLAY

Identity Tests Range

Natural Unit Weight (y) 114 - 123
(pcf)

Liquid Limit (wL) 26 - 38
(%)

Plastic Limit (wp) 14 - 18
(%)

Natural Moisture Content (W) 22 - 38
(%)

Standard Penetratijon Resistance (N) 1- 5
(bTows/foot) ‘ | (two tests only)

Undrained Shear Strength (Cu)
(psf)

(1) Field Vanes 350 - 900

(2) Penetrometer - 400 - 800

(3) Undrained Triaxial 400 - 900

Drained Parameters

(1) Effective Cohesion Intercept (C') . 0 - 4
(psi) | |

(2) Effective Angle of Shearing (g') 30.3 - 32

Resistance

(degrees)

Sensitivity ' 2.0 - 8.0
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GROUNDWATER CONDITIONS

The groundwater level conditions across the site during the
period of investigation (September 1972) were measured using piezometers.
The results of the readings are shown as footnotes on the borelog sheets.

The water level records indicate that the groundwater level
varies between elevation 10 and 18. An artesian pressure was observed
at Borehole #3, once the borehole penetrated below 43 feet. Once the
aquifer was encountered the water rose rapidly in the casing, stabilizing
itself at elevation 18, which corresponds to a level approximately 7.5
feet above the existing ground surface. The artesian water flow was
sealed, at the source, following the.completion of the boring operations.
The other boreholes (nos. 1, 2 and 4) were terminated above the aquifer
to avoid the problems associated with sealing the boreholes.

It is generally agreed that the shear strengths of the clay
in terms of effective stresses are more reliable for long term stability
of slopes, and the analysis called ¢ = 0 using undrained parameters is
best suited to evaluate the "end of construction" stability of the slopes.

Soil parameters were measured in terms of total and effective
stresses and the analyses carried out for "long term" and “end of con-
struction" stability are presented below.

STABILITY ANALYSIS
(1) Long Term Stability

The Tong term stability was analysed in terms of effective
stress using the values of ¢' and ¢' obtained from 16 drained tests. In
the standard drained test consolidation takes place under an equal all-
round pressure, and the sample is then sheared by increasing the axial
load at a sufficiently slow rate to prevent any build-up of excess pore
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pressure. Since the pore pressure is zero, the effective stresses are
equal to the applied stresses and the strength envelope in terms of
effective stress is obtained directly from the stress circles at
failure. The results of the 16 drained tests are presented as strength
envelopes in Dwgs. 8 to 14 with respective c' and p' values.

(2) "End of Construction" Stability

To analyse the stability,undrained shear strengths were measured
in the field by vane tests and in the laboratory by conducting undrained
triaxial tests. In these tests drainage is not permitted and hence no
dissipation of pore pressure is allowed during the application of the
all-round stress. The results of the testing are plotted on the
individual borehole logs and also on Dwg. 5.

The results of the stability analyses which were obtained by
using an electronic computer are presented in Table 2 as follows:



TABLE 2
SLOPE : ASSUMPTIONS :  SAFETY 3
ELEVATION | & | 8' | Cu. C' ] v Y TENSION |  GROUNDWATER FACTOR . | S
P | (psf) (psf% (pcf) | (pcf) CRACK LEVEL (S.F.) ! gg
1:1 23 to 13 | 30°] - 0 - 120 - 0 Elev. 13 ..
13to-9 | 0! - |500 - 10 | 58 | - - } o
9to-15¢ 0, - 700 - 123 | 61 ‘ : ' 'T{‘ %5, 9
-15 to =19 ; 0 | - |900 - 123 | 61 - - ©
-19 to -27 , 400 : - 0 - 132. | 70 o <
-27 to > | 45°; - 19000 - 160" | 100 1.07 o
(00]
2:1 23 to 13 . 30°! - 0 ~ | 120 | - 10 feet Elev. 13
13to-9 | 0| - |500 - 120 | 58 ,
9to-15' 0t - 1700 - 123 .| 61 . :
-15t0 =19 0.t - |900 - 123 | 61 ° .
-19 to -27 : 408 - 0 - 132 - 70 ‘ , -ZZ[C;'
-27 to» | 45°) - 19000 - 160 | 100 | 1.25
2:1 23 to 13 ' 30 - - - 120 | - 10 feet |  Elev. 13
13 to =19 - 131.3° - 280 120 | 58
19 to 27 1 3001 - - ol 132 | 70 - e IS
-27 to -~ ' 4591 - - | 9000 160 |700 : | 1.62 |
3:1 23 to 13 @ 30°! - 0 -1 120 - 10 feet |  Elev. 13
1Bto-9 : 0 - 350 -l 120--] 58 - ' _ : - R |
-9 to <19 © 0 | - |600 -1 13 | 61 | |
-19 to -27 © 40, & - 0 -1 132 | 70 'T"f;
-27 to~ | 45°) - 19000 -1 160 {100 1.08
3:1 23 to 13 30°, - 0 -1 120 - 8 feet | Elev. 13
13to-9 '~ 0 ; - [500 -1 120 | 58
-9 to =15 0 - 700 - 123 g} . ' /-
-15t0 -19 0 ° - | 900 - 12 B
-19 to -27  40° - | =P 132 470 T/
-27 to > 4% - i 0 -1 160 100 ' 1.70




TABLE 2
SLOPE _ ASSUMPTIONS SAFETY
ELEVATION g ;@' Cu c' y | v' ; TENSION GROUNDWATER FACTOR
E (psf)| (psf) | (pcf) |(pcf) = CRACK i LEVEL (S.F.)
4:1 {23 to.13 | 30 ¢ - 0 - 120 | - 1 10 feet | Elev. 13 '
' 13 to -9 0 | - |350 - 1120 |58 ! '
-9 to -19 : 00 b= 600 - 123 61 i
-19 to -27 40o .- ) - 132 70 . )
-27 to » 457, - 0 - 160 {100 i 1.29
4:1 {23t 13 1 30°; - | 0 - | 120 | - 8 feet | Elev. 13
13to-9 | 0 ' - |500 - 1 120 |58 S
-9'to -15, 0 ; - 700 - 123 61 !
-15 to =19 : 0 ¢ - | 900 - | 123 |61 |
1 -19 to -27 : 400 ¢ - 0 - 132 70 _
-27 to ~ 2 457 : - 0 - 160 1100 1.99
4:1 | 23 to 13 | 3o°; - - 0o | 120 | - 0 feet | Elev. 13
13 to -19 ° ;31.3; - 280 120 58 :
<19 to -27 . 40 N 0 132 70 ! '
1-27 to > 45% 1 - 9000 0 160 3100 2.62
Note: Unreasonably large values were assigned to the underlying silt ti1l to force the slip circles
to pass through the cohesive marine c]ay.
Legend: ¢ is the apparent angle of shear1ng resistance or friction in terms of total stress.
' is the effective angle of shearing resistance or friction in terms of effective stress.
Cu is the apparent cohesion in terms of total stress. .
c' is the effective cohesion !intercept in terms of effective stress.
y ~is the unit weight of the soil (bulk dens1ty)
v' s the unit weight of submerged soil.

s €
{5
els, .
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ENGINEERING CONSIDERATIONS

The results of the stability analyses snowed that in all
cases the safety factors were higher when total stress parameters were
used. This indicates that the critical condition.exists at the "end of

smey a1

construction" stage, or after the Spriy 1ngghgeggmgp“whenwzhegggswgf the

“ s]ope has been scoured and steepened

AR g eI L o v o R AR

It is- suggested that the Moose River banks be sloped at
4 horizontal to 1 vertical.

g

The slope of 4 horizontal to 1 verticai provides a safety
factor of 1.3 when the shear strength of the clay is assumed to be
350 psi. Laboratory and field measurements‘haveishown the Tow range
of measurements to approach this value (i.e. 400|psi) and it is not
considered prudent to increase the shear strength in the theoretical
calculation above the value of 350 psi. The recemmended slope of
4:1 provides for some latitude in the heights of the slopes and also
considers the site conditions where stable slopes greater than 4:1

- do not appear to be present. This recommendation also follows closely

the values recommended at Butler Creek, J 5462. The recommended slope
of 4:1 assumes that this slope angle will continue below river level.

A brief review of the surface drainage'cdnditions in this
area shows that if the embankments are trimmed to the recommended slopes
the adjacent drainage should also be 1mproved No water must be allowed
to”?WBW“ESWF“fﬁfgffépe except Tn-paved channels or pipes. Along Revillion
Road the ditches must be improved so that water cannot pond anywhere
near the .crest of the sTope and the water collected in these ditches
must be removed via paved d1tches down the slope or culverts. The
small local creeks tending to dra1n into the river should be channelized

and preferably lead to a central drainage culvert.

. The final slope must be protected by deep rooted grass such as
crown vetch.
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The slope 1mprovement must onl
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ly.be cons1dered in_conjunction

with the river tra1n1ng and ‘toe protect1on to be prov1ded by others

SAA:SC
Enc.
Dist:

WILLIAM TROW ASSOCIATES“LIMITED'

o c T

.Ktﬁ. Peaker, P.Eng.

Ministry of Treasury; Economics
and Intergovernmental Affairs,

8071 Bay Street,

8th Floor,

Toronto, Ontario.

Attention: Mr. J.F. Brown, Supervisor ’ SR

Urban Renewal Section,
Municipal Services Div

Shah//9 A: Ahmad, P.Eng.

Wp\_/\_z

(8)

ision



BOREHOLE LOG

JOB No._ 7 7019 BOREHOLE No._ > _ f DRAWING No._2
prosect__River Bank Instability, 2" O.D. SPLIT TUBE —0—O0—0—0— NATURAL MOISTURE X
2" I.D. SHELBY TUBE %—t—¥—i {J PLASTIC AND LIQUID LIMIT |—O
LOCATION_Mopsonee
2" DIA. CONE —
ontario, PUSHED : P UNDRAINED TRIAXIAL AT
VANE TEST AND SENSITIVITY (5) +°5 ovEREURDEN PREssuRe (ST
) , : 16
HOLE LOCATION AND DATUM SEE DRAWING No. 1 ] : % STRAIN AT FAILURE
R 5[ } ﬁ :g:E::AIIB?N Rgi:)s;l;;?:i _. NATU‘RAL MOIASJ';'RE CONTENT NAJ:.?"AL
Q . ELEV. a 20 40 '6‘0 S’O
v £ SOIL DESCRIPTION e e A DRy WEiGHT e
23,4 ) 1 2 10 - 20 30
I{ : Cr DG4 44 2
¢ F FILL-silt, brown, trace of organic
Imaterial at surface, i 3 -
‘f {Loose to compact, brown,
F .8 3 N
\Y 1 1 B° Lo R
N A
r 9.4 | [& 3
SILT-pieces of decayed wood, trace i : 3
of organics. . 20 i
[ Loose to compact, brown. y
- . . = 2.1 o -
// ' . ] . N )
' | SILTY CLAY-occasional seams of 1 a0 HH akac -
* sand, B
% Firm to stiff, grey. il '
. /- B ! n
A . mEEEERT
,H/' 1 40
Ve —19 .1 A\
ol<|'d SANDY SILT-with trace of gravel. YA 1 138.5
gl o (glacial 111), 1 : ‘
0| Compact to dense. 4]
b l- | . -
: END OF BOREHOLE—— 27.1 (50 ¥
| NOTES : ]
L1) Samples taken off a diamond ] 60
drill, hole cased to full depth.
- 2) Plezometer readings: .
DATE WATER LEVEL
- Sept. 22/72. 9.6 feet 1 170
| 3) Chemical Test Results:
PH value 7.8 sulphate content
traces,
80
d
90
100

3

William Trow Associates Ltd.



BOREHOLE LOG

JOB No._J 7039 BOREHOLE No.__2 DRAWING No.___3
proJecT_River Bank Instability, 2" 0.D. SPLIT TUBE —0—0—0—0— NATURAL MOISTURE X
M 2" 1.D. SHELBY TUBE -W——d—¥—i% PLASTIC AND LIQUID LIMIT |}—O
oosonee,
Ontario,. PUSHED P UNDRAINED TRIAXIAL AT 15-@5
OVERBURDEN PRESSURE
VANE TEST AND SENSITIVITY (5) +5 % STRAIN AT FAILURE 16
HOLE LOCATION AND DATUM SEE DRAWING No. 1 ] A
Pocket Penetrometer
T PENETRATION RESISTANCE INATURAL MOISTURE CONTENT NATURAL
G 6] L. 325°° FT.‘I;,B. eBéOWS/al;l'- AND . wUNITT
ELEV. A A ATYTERBERG LIMITS EIGH
v £ SOIL DESCRIPTION FEET E_ SHEAR STRENGTH K.s.F. % DRY WEIGHT P.C.F.
@ 22,3 ’ 2 10 20 30
- Fas, NP
;ﬁ} SILT-sandy, loose to compact, - 2
brown, grey. > N
et + N b 3
RARN 15.3 ’ 123.0
_ ] 10 SR ; A
SILTY CLAY-with trace of sand, } q  118.(
Soft to firm, grey. L h )
s ! S 2
| nase:
1 X1 119.4
J 20 3
L o drite [l
I | - + > 118.4
A it
I n P 117.0
NTH 4 115.Q
M ' s RERRERTHE) '
.:;. 1
[ - ,
. -15.2 ’g D%
N L SANDY SILT-with some gravel, trace . 40 HEHE

.| of elay (glacial till).
/| Compact to dense, brown,

NOTES:

1)} Samples taken off a diamond
»drill rig, hole cased to full
depth,

.2) Piezometer readings:
DATE

| Sept. 20/72.

Sept. 22/72.

WATER LEVEL
.b fee
6.1 feet

END OF BOREHOLE e ]

] HS

= 27.7 | 56 .

100

~

William Trow Associates Ltd.
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BOREHOLE LOG

BOREHOLE No._3

DRAWING No.__*

Y
2" O.D. SPLIT TUBE —0—0—0—0~

proJEcT_ River Bank Instability, NATURAL MOISTURE X
" e
Locarion_Moosonee, 2" 1.D. SHELBY TUBE 4] PLASTIC AND LIQUID LIMIT }—o0
2" DIA. CONE R ‘ o
Ontario. PUSHED. p UNDRAINED TRIAXIAL AT 5-@5
s OVERBURDEN PRESSURE 1
VANE TEST AND SENSITIVITY (S) + % STRAIN AT FAILURE = 19
HOLE LOCATION AND DATUM SEE DRAWING No. 1 . :
Pocket Penetrometer A
g. 16,2 x PENETRATION RESISTANCE | [NATURAL MOISTURE CONTENT] | NATURAL
M 5’ ELEV. t 32500 FT-‘LnB‘ GB‘.;OWS/;:;' ATTERBQ:: LIMITS W:lNGI:T
“: ; SOIL DESCRIPTION FEET FE::_ SHEAR STRENGTH K.S.F. % DRY WEIGHT P.C.F.
“ 10.7 | 1 2 10 20 0
(4.5 | SAND=fine, silty, loose, 9.7
(I 7_-7 { Y ;
U | szrey CLAY-with trace of sand, 1 HARER aTks )
| | |Fim to stier. 1@ . t 2
' . ] 10 Lt - a ] 116.0
) I Qg 116.0
[ A fB-d 116.,0
| J - £ Pe X —7
| Y
g 1 u.
I . 20 FCEALTTUEL T 114,0
[17L 8 [
: +4=13.3 TR v THE 132.0
j/ || CLAYEY SILT TO SILT-with trace of /. =z 5t
i | sand, fragments of rock.
1\ Bancds fragn ] 30 L rhh X 136.5
)
a'0% & X 136.0
/ //;_ J 'i"—-q —i~1
/,/// 3 +] 147.5
/1 ) / 112,0
_é./;/t E 40 <)° » .
9% y
a2 4=35.6 L 2.0
1 . 50
END OF BOREHOLE
- NOTES ¢ )
1) Samples obtained off a diamond ] 60
(drill, holes cased to full depth.
| 2) Piezometer readings: ]
A) Lower Piezometer;
| DATE WATER LEVEL 70
Sept, 19/72. 5.7feet above ground
Sept, 20/72. 5.7feet above ground
L Sept., 22/72, T.5feet above ground
B) Upper Piezometer; 80
DATE WATER LEVEL
Sept. 19/72. 0.5feet below grounf
$ Sept. 20/72. 0.7feet below grounf
Sept. 22/72. « 1,0feet below grount
! 90
100

& " William Trow Associates Ltd.
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BOREHOLE LOG

BOREHOLE No.__ U4

DRAWING No._2

proJECT_River Bank Tnstability,

2" 0.D. SPLIT TUBE —0—0—0—0—

-~

NATURAL MOISTURE X

L

T

END OF BOREHOLE

NOTES: ]
1) Samples taken off diamond

drill, hole cased to full depth, i
2) Piezometer readings:

DATE WATER LEVEL - |
Sept. 22/72. 7.0 fee

3) Chemical Test Results:

PH value 7,6 Sulphate
Content Traces.

- _|-28.6

2" 1.D. SHELBY TUBE <t~—3—tt—it {J PLASTIC AND LIQUID LIMIT |}—oO
Moosonee, .
LOCATION 2" DIA. CONE °
ontario, PUSHED P UNDRAINED TRIAXIAL AT. 15_$5
OVERBURDEN PRESSURE
VANE TEST AND SENSITIVITY (S) +°5 % STRAIN AT FAILURE 16
HOLE LOCATION AND DATUM SEE DRAWING No. 1 . o
T PENETRATION RESISTANCE INATURAL MOISTURE CONTENT NATURAL
¢ 6’ ELEV :- 32-:30 FT.ll;"B. GB(l;OWS/ﬂFg AND UNIT
. A A ATTERBERG LIMITS WEIGHT
\: f SOIL DESCRIPTION FEET 'E‘:_ SHEAR STRENGTH K.S.F. % DRY WEIGHT P.C.F.
24,9 1 2 10 20 30
“L|*| 8 inches TOPSOIL over ‘%
| SILT-loose to  dense, random )
-| 1.} layers of sand up to 1 inch in 1 (o
S |.| | size, occasional clayey silt 17.9 2 138.5
“{ ]| pockets. 4
i 10
i 12.9 [€] 5
SILTY CLAY-trace of sand, 1 AR
Soft to stiff, grey.
1 ] 20
pl s
L)
. i
¥ . ,I
)
~ 30
T
. " 14
J 40 = 5
. - 17.6 - ——1 " .
“[i°l SANDY SILT-with trace of gravel, ] . 3 g
~|4|.| (glacial till).
|~. 1 Compact, brown, ' X
RN 1 SO H-F 137.4

I\

60

70

80

100}

Wellinm Trvau Accarnintoe 144
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MECHANICAL ANALYSIS

210 too 28 8 s/g" /8"
SIEVE SIZES 2|00 l:&o

61048 40 210 16 |o| a 3/13" I 3/4.| " ||é-- 2" 3"

JTE : : T 1" : H R P g I /4 100

|| [Sand Bankl L Vg ; A o E YL

1| | [Moose River {lE : ‘/17?;j' Do 7/

: TTroppostte T ——— v O A B Ve :
‘1 1:Borehqgle 3 | / 1R | : ,':,f N AN

:300: feet firom /! f,/?”’/’ Y7k R //? SRR

~shore ” TP : 17 - T

Lo : 3f/’;ff'— A I Z R

. AE ] AT T : A
: N . . . p £ : . : 7 : : . .
70 . : it LA : ' : 1l 170

Ak : LY : : . Lo S N I
Mobse Rivejri——: ;/ :!' ] SAMTEE s sy b

100

1098f04dd

90

80

6L0L 0
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60 80

PASS ING

. < L Riverbed
b : '} Oppogite

PERCENTAGE PASSING

w . \ H

© % o : -—Borehotel 50

< . : ; S

- : ' I B ‘

z _ Riy : : R IO T I A I M

O 40 Onp s S S— 4 1 :

€ s I R R R
30 o : 30

- ~+ | Mdose Riyer | | 3 I , ,
: : MoosoneetrQuarry— . — ot « 20
h HE R : : S |

N\
A\
A\
\
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— NOTE —
1) The boundaries between soil strata have been established only at

Bore Hole locations. Between Bore Holes the boundaries are assumed
from geological evidence and may be subject to considerable error.

2) Soil samples will be retained in storage for 3 months and then
destroyed unless client advises that an extended time period is
required.

3) Topsoil quantities should not be established from the information
provided at the borehole locations.

William Trow Y Associates Ltd.
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