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FOREWORD

STOPE STABILITY STUDY OF THE
SOUTH NATION RIVER ANDpoRTroNS oF THE oTTAwAnlvrn

This report is the second. report of its type to be qubrished by the ontario Georogicarsurvey Prepared by the staff oi tne rasieirihegton'office oitfid Mt-ni.try of Naturat Re-sources, the report draws attention to the existenc-e of potentiiirv ,".i"0r" slopes along thevallev of the south Nation River and its reu"rir trioutdry itreari."ioglin., with part of theottawa Biver' The clay soils forming tnlse sropes owe their origin tomaterial deposited inthe waters of the champlain sea wliicn coverei tne area JurrnsiolO".l"ti"n about t3 000years ago.

The objective of this report is not onry to arert the generar pubric, pranners, and the mu_nicipalities to the potential hazards, our ilsilo encourage developers and land owners toarrange for adequate geotechnical investigation ot ari lJii i; il;;f.l;;d ot river banks andslopes well in advance of any construction-or deveropment thereon.

E.G. Pye
Director
O ntar io G eo log i cat Su rvey
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Conversion Factors for
Measurefnents in Ontario Geological Survey
Publications
lf the reader wishes to convert imperial units to Sl (metric) units or Sl units to imperial units
the following multipliers should be used:

CONVERSION FROM SI TO IMPERIAL

Sl Unit Multiplied by Gives

1 mm 0.039 37 inches
1 cm 0.393 70 inches
1 m 3.280 84 feet
1 m 0.049 709 7 chains
1 km 0.621 371 miles (statute)

CONVERSION FROM IMPERIAL TO SI

1 cm2 0.155 0
1 m2 10.763 9
1 km2 0.386 10
t ha 2.471 054

square inches
square feet
square miles
acres

cubrc inches
cubic feet
cubic yards

pints
quarts.
gallons

lmperial Unit

LENGTH

inch
inch
foot
chain
mile (statute)

AREA

square inch
square foot
square mile
acre

VOLUME

1 cubic inch
1 cubic foot
'1 cubic yard

CAPACITY

MASS

ounce (avdp)
ounce (troy)
pound (avdp)
ton (short)
ton (short)
ton (long)
ton (long)

20.0
0.05

Multiplied by Gives

25.4 mm
2.54 cm
0.304 8 m

20.1 16 8 m
1.609344 km

6.451 6
0.092 903 04
2.589 9BB
0.404 685 6

16.387 064
0.028 316 85
0.764 555

0.568 261
1j36522
4.546 090

28.349 523 S
31 .103 476 I S
0.45359237 kg

907.18474 kg
0.90718474 t

1016.0469088 kg
1.0160469088 t

34.285714 2 g/l

1.7142857 g/I

cm2
m2
km2
ha

1 cm3
1m3
'1 m3

0.061 02
35.314 7

1 3080

1.759 755
0.879 877
0.219 969

cm3
m3
613

L
L
L

1L
1L
1L

pint
quart
gallon

'1 g 0.035 273 96 ounces (avdp)
1 g 0.032 150 75 ounces (troy)
1 kg 2.204 62 pounds (avdp)
'1 kg 0.001 102 3 tons (short)
1 t 1 .102 31 1 tons (short)
1 kg 0.000 9B4 21 tons (long)
1 t 0.984 206 5 tons (long)

'1 ounce (troy)/ton (short)
1 pennyweighVton (short)

CONCENTRATION

1 g/t 0.029 166 6 ounce (troy)/ 1 ounce (troy)/
ton (short) ton (short)

1 g/t 0.583 333 33 pennyweights/ I pennyweighv
ton (short) ton (short)

OTHER USEFUL CONVERSION FACTORS

pennyweights/ton (short)
ounce (troy)/ton (short)

NOTE-Conversion factors which are in bold type are exact. The conversion factors have been taken
from or have been derived from factors given in the Metric Practice Guide for the Canadian
Mining and Metallurgical lndustries published by The Mining Association of Canada in coop-
eration with the Coal Association of Canada.
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Slope Stability Study

of the

South Nation River

and

Portions of the Ottawa River

by

A.S. Poschmannl, K.E. Klassen2,
M.A. Klugman3, and D. Goodings4

INTRODUCTION

The South Nation River and the Ottawa River are two of
the largest rivers in southern Ontario. The South Nation
River drains an area of about 3700 km2. The Ottawa River
drains an area of about 145 000 km2. The South Nation
River descends 84 m over a distance of 177 km from its
source to its junction with the Ottawa River (Chapman
and Putnam 1966). Extensive deposits of glacially de-
rived marine clays that were laid down in the Champlain
Sea occur in the study area.

The tendency for river banks and slopes composed
of Champlain Sea clays in southeastern Ontario to fail
and cause large and small scale landslides, is causing
an increasing amount of interest and concern. Costly
damage to buildings and loss of life may result from con-
struction on unstable clay slopes. Because of these prob-
lems, the Ontario Ministry of Natural Resources is endea-
voring to classify the clay slopes according to their
stability in areas once covered by the Champlain Sea.

The classification of the slopes in this sensitive clay
is intended to alert developers and planners to the need
for determlning the geotechnical evaluation of the stabil-
ity of a slope at a specific site. Thus, unstable slopes can
be identified and the necessary remedial or protective

measure designed. These measures should be based
upon the geotechnical investigations carried out prior to
any development of a site. Property damage and incon-
venience can then be reduced.

It must be stressed that this classification of the
slopes is presented as a guideline, and not as a site
specific value for engineering design.

The methods used in this report are a refinement of
those developed in the report 'Slope Stability Study of the
Regional Municipality of Ottawa-Carleton' (Klugman and
Chung 1976) to classify slopes in these postglacial ma-
rine clays. The study involved locating and mapping dif-
ferent types of failures that occur in slopes in the Cham-
plain Sea clays. The slope heights and inclinations were
measured at points on the slopes considered to be repre-
sentative of a section of slope. These survey data were
used to calculate the 'Factor of Safety', which is a numeri-
cal representation of the stability of a slope, These Fac-
tors of Safety were used in the process of classifying the
slopes. Each class identified offers guidelines for deter-
mining the amount of geotechnical investigation neces-
sary to ensure the safe use of a site.

The slopes examined in this report are contained in
the South Nation River watershed, and along the Ottawa
River from Ottawa to Treadwell. Treadwell is located ap-
proximately 8 km east of the mouth of the South Nation
River. Financial support was provided by the South Na-

rGeotechnrcal Engineer, Eastern Region, Ontario Ministry of Natural Resources, Kemptville,2Geotechnical Engineer, Eastern Region, ontario Ministry of Natural Resources, Kemptville.3Regional Mines Coordinator, Eastern Region, Ontario Ministry of Natural Resources, Kemptville.aField Assistant attached to Regional Mines Coordinator's Office, Eastern Region, Ontario Ministry of
Natural Resources, Kemptville.
Approved for publication by the Chief, Engineering and Terrain Geology Section, Ontario Geological
Survey, Toronto, 6 April 1983.
This report is published by the permission of E.G. Pye, Director, Ontario Geological Survey, Toronto.
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tion River Conservation Authqrity, the Ontario Ministry of

Natural Resources, and the Federal Departme-nt of Eco-

.o*" f*p"tiion under the Eastern Ontario Subsidiary

Agreement.

ORIGIN AND
CHARACTERISTICS OF THE
CHAMPLAIN SEA CLAYS

HISTORY OF DEPOSITION

The sensitive clays of southeastern Ontario, which are

;;;;.it known'as the Champlain Sea, or..Leda clays'

*"i" O"p'otited during the late stages oJ the Wisconsinan

of""i"ticin. At that tim-e, tne retreai of the Laurentide ice

Ineei enaOfed the Champlain Sea to invade the St Law-

i"n"" Lo*f"nds and Ottawa Valley, and much of south-

eastern Ontario.

The Champlain Sea began to trqn-sgleis across

southeistern Ontario sometime before 12 800 B P' At that

i;; iil llnd surface was inundated as far as Clayton'

ij"tdtr iclod .1978a, 1978b). The sea continued migrat--

ft;;t*;A-to reach a limit which extends from west of

FimOrot<e, to west of Smiths Falls, then south to
eio"kuilfe on the St. Lawrence River (Figure 1)' Mu-ch of

the land surface was submerged to depths up to 190 m'

ilort"ti" iebound then began to progress more quickly

tnin tne general worldwide rise in sea level which occur-

Fiaure l-Diagram to show Champtain Sea, Lake Oiib-
' wai-Barlow, and location of study area'

2

red at the end of the glacial period (Kenney 1964)' The

intfui ot iresh water from Lake Ojibway-Barlow progre-s-

*iu.iu oecreased the salinity of ihe regressing sea By

i6 t60 Bn- tne inamptain 
-Sea 

was sufficiently-drained

i.t *rtf'"ustern Ontario for a {luvial reqline at Bourget'

o;i;;i; 0""o." established (Gadd 1978a' 1e78b)'

The surficial geology of the area under study in this

r."oott *uJ includ-ed in ine regional study of Chapman

"tiJpri."-t 
tr sool ano, in mor6 detail, inmaps prgp-{gg

nu O*un 
""0 

Lonse (t'gZg), Gwyn and Thibault (1975)'

5t*dirgiel, i.o Rlchard (1e82a' 1e82b' 1e82c' and

1 982d).

The Champlain Sea clays are highly variable in tex-

ture anO composition becauie of changes in environment

oirri.g ih" ttd..gression and regression of the sea' and

the sJbsequent lluvial reworking of the clays'

Underlying much of the study area' is a.thin deposit

ot rnytnmlcif ly"stratified silt and silty clay, which is in con-

t""i'*itn gfi"lal features left by the retreating,ice sheet

;;;;;h#ino Oaoo (1e77) froposed that this varved

seouence represents material deposited in .the trans-

lie-;iil .";lnitote proximity to the glacier' The condi-

ir.iriOLi which deposition occurred would thus be

"onirof 
f"O OV the large volume of melt water coming from

th;'i#-th;6t; and ihe process of rhythmic deposition

would not be imPeded.

The influx of fresh water diminished with the retreat of

tne gfaiiei.lhe clays deposited. under the, increasingly

satin"e-ConOitions show a g radation f rom.-clearly varved

ir".n *"t"i to massive riarine clays (Fransham and

Gadd 1977; Gadd 1978a, 1978b)'

The marine clays deposited in a deep sea environ-

r"nt 
"i" 

tybiially dark jrey, but light layerlng or black

sulphurous mottled clay do sometimes occur'

A continuing uplift of the land surface resulted in the

olacement of snlttow, pro-delta deposits over the top of

ir,6 tu.ii"" clays. Tnese materials are usually layered'

;; ;d grey, oi light and dark grey' and contain seams

br rlt a;ot witn i nign clay content are.darker red or

grt tn"" ih" rnor" ctay Oetidient layers Malerial depos-

["0'in *ot" shallow and less saline waters contain more

pion*nceO silt and silty clay layers than material depos-

ited in a deeP sea environment.

Sequences deposited in the regressing Champlain

Sea coniain reworki;d clay-sized material f rom areas that

ffi bil uptifted and su5jected to erosion. lt is this clay

i" *[iin tnb red tint of th6 beds is attributed (Johnston

igi7l.-in" red colour is particularly evident in the mate-

iiat Ol;oositeO in the estuarine environment of the ances-

i;;ib1i"M River. lnflow from Lake ojibwav-Barlow pro-

u'O"O-u futg" volume oJ Jresh water' This water eroded

in" Juv de[osits to the northwest and reworked and de-

positeci the material further to the east'

A2lo 4 m thickness oJ sand overlies the Champlain

Sea ciayi. This fine-grained sand, believed to have been

;6;;ft64 oy ttuviaiactivitv after the withdrawal of the

t"5-no* 
"ouers 

large areas of southeastern Ontario ln

ioile tocations, thicontact between the clay and the

sand is gradational'

Pembrokeo<t\

I

\
ONTARIO .

Ctatton

Smiths Falls'

0 1O0
t._



The thickness of the Champlain Sea deposits varies
greatly, and is dependent on the bedrock topography
and the amount of erosion sLbsequent to depbsition. At
the western limit of the Champlain Sea, shoreline features
were not well developed or if they did develop, have been
eroded away. ln the natural depressions in the bedrock,
considerable thicknesses of Champlain Sea clays still oc-
cur. Near Arnprior, 91 .5 m of clay can be found at the site
of a gravity clay fill dam (Wong et al. 1975) at Waba.
Much further east at Treadwell, a depth of 104.7 m was
measured (Fransham, Gadd, and Carr 1976a, 1976b).

CHARACTERISTICS OF THE
CHAMPLAIN SEA CLAYS

The term clay, when used with reference to the Cham-
plain Sea clay, applies only to the particle size of the sedi-
ment and not to the composition. Even this usage of the
word 'clay' can be a misnomer because the Champlain
Sea deposits are highly variable. The more massive de-
posits have a clay size fraction as high as 80%, while the
layered material in the shallower deposits can have as lit-
tle as 30% clay. Silt and sand horizons are quite common.

The clay-sized fraction of the Champlain Sea clays is
composed of rock flour. Rock ilour is rock material
ground to a fine consistency by glacial action. ln the
Champlain Sea clays, the rock flour is composed pre-
dominantly of feldspar, quartz, and amphibole with minor
amounts of clay minerals, these are usually illite, chlorite,
and vermiculite. The percentage of the constituent miner-
als is highly variable, though quartz generally dominates.

The Champlain Sea clays are stratified deposits with
differences in physical properties both laterally and verti-
cally because of changes in the environment of deposi-
tion. Extensive studies of the properties of the clay have
been carried out at site-specific localities. These locali-
ties have been at the sites of particularly noteworthy land-
slides, or at the sites of large bridges and dams. No re-
gional studies of the relative geotechnical properties of
the clays have yet been undertaken in Ontario.

The most important property common to the clays at
all these locations has been the 'sensitivity' of the materi-
al. Sensitivity is the ratio of the undisturbed strength of the
soil to the remoulded (disturbed) strength. The natural
strength, which is lost when the soil is disturbed, is due to
bonding and orientation of the clay particles.

The bonding in the clays is not fully understood; how-
ever, several theories have been proposed. One theory,
which appears to have wide support, is that the clay in its
natural state, has particles cemented together in an open
flocculated structure, rather like a house of cards. The
strength of the clay in this state depends on the cement-
ing and the degree of openness in the structure. lf the
clay material is disturbed or remoulded, the flocculated
structure breaks, the particles realign, and the strength
decreases. Weak or strong clays may have high or low
sensitivities.

The Champlain Sea clays from various locations ex-
hibit high liquidity indices. This index gives an indication
of the f locculated nature of the material. High silt content
will lower the index and modify the structure in the depos-
it.

SLOPE FAILURE

Slope failure in Champlain Sea clays produces easily rec-
ognizable landforms that can be seen clearly on aerial
photographs. The stability of all slopes is dependent on
the geometry of the slope, the physical properties of the
material composing the slope, and the pore water pres-
sures existing within the material. Thus, slopes with a sim-
ilar geometry can vary in stability. This is due to differ-
ences in stratigraphy, structure, and the season of the
year. Seasonally, variations occur because of the differ-
ences in the amount of precipitation and the fluctuating
water table.

Failure in the clays can take one of several forms. A
common failure type is the simple rotational slip of a seg-
ment of slope. The curvature of the slip surface can vary
greatly.

When the failure arc can be drawn as a portion of a
circle with an almost in{inite radius, the failure is called a
sheet slide (Figure 2a). When the curvature is more pro-
nounced, it is known as a simple rotational slip (Figure
2b).

4c
.'/ /

^\'J9//."$Z
- O,//-y

Figure 2a-Cross secfion of a sheet slide.
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Figure 2b-Cross section of a simple rotational shear.

Often one small rotational slip will initiate failure ol
successive segments of slope which can continue
through numerous slides to form a reverse-sloped, ter-
racing etfect in the slope (Figure 3a). This type of failure is
termed a retrogressive rotational slide.

A variation of the same kind of failure is the retrogres-
sive flowslide. The slope segments in the retrogressive
rotational failure slip a short distance along the failure arc,
and the slope segments in a retrogressive flowslide exhi-
bit extreme rotation. ln large retrogressive flowslides, it is
possible to see intact clay pinnacles rising from the de-
bris. These pinnacles form as a result of the rotation of the
failed slope segments, and are composed of intact clay
(Figure 3b).

lf a failure in a slope develops and retrogresses
through the upland without the rotational sliding associ-
ated with a retrogressive rotational failure or a retrogres-
sive f lowslide, that failure is called an earthf low.
Earthflows are believed to be initiated by the failure of a
small segment of slope which normally has a remoulded
etfect on the clay in the slope. The remoulded material
will flow, cause more of the slope to fail, and activate

Slip surface

more clay (Figure 4). Clay pinnacles can often be seen in
the debris of earthflows, but they are composed of re-
moulded clay squeezed between blocks of intact materi-
al.

Earthflows terminate when the character of the up-
lands material changes, or when a balance is achieved
between the spoil material and the backslope, or when
the outlet becomes constricted.

When an earthflow is held in check because of the
build-up of materials at its outlet, nerther the slope nor the
spoil can be considered stable. Removal of material from
the outlet may start afresh the flow of spoil. ln 1977, the
South Nation River was blocked when spoil from a slide
that had occurred in 1971 moved again. The river had,
over the 6-year period, eroded material from the outlet
and allowed the spoil to shift. This reblocked the outlet.
As erosion continues, it is likely that the process will re-
peat itself. Earthflows and retrogressive flowslides leave
thumbprints on the land surface that last for thousands of
years.

Two other types of failure commonly occur. One type
is the erosional slumping that occurs at the toe of slopes
due to erosion caused by the flow of water in the adjacent
river or stream. Such failures tend to be small because
the erosional effect of the water action is concentrated in
the limited area of the immediate river bank. These slopes
are short and steep, often with overhanging vegetation.

The second failure type occurs not in the clay itself,
but in the fine sand and silt that overlies the clay in many
areas. This kind of failure has been referred to by Mitchell
and Klugman (1979) as internal erosion. Like the
earthflow, it is a rapid mass wasting process without a ro-
tational slip. What remains is a gully with near vertical
sides and a low gradient. Little spoil is left in this resulting
gully, or creek bed, because the water content in the
failed material is such that the silt and sand flow as a slur-
ry.

lnstability in clay slopes is most often initiated by
changes in the geometry of the slope profile. Erosional
activity by nature or disturbance by man can oversteepen
a slope, causing instability. Even though the geometry of

]T:i''"0"\

Figure 3a- Cross section of a retrogressive rotational shear
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the slope may be unstable, actual slope failure may not
occur until the pore water pressures and other conditions
or processes are conducive to failure.

Many slope failures haVe occurred in the area of the
South Nation River watershed, These are usually small
landslides or failures, measuring from a few thousand cu-
bic metres of material up to many hectares. Old scars in-
dicate that many larger failures, 25 ha or more, have oc-
curred in this basin. The most recent of these large slides
occurred in 1971 , 2.5 km upstream from the village of

Flemoulded
clay

Lemieux on the South Nation River, when 36 ha of pas-
tureland failed.

Both large and small failures, which occur every
year, can cause considerable local distress. The princi-
ple concerns of this study are to delineate the areas of
potential failure, and to record past failures. The respon-
sible authorities should ensure that any area slated for
development has been properly assessed for safety
against possible slope failures or landslides.

Remouldedclay

r lnitial'\1 slope

(,,t 
rt tt rt,,t i {\ i:\ l r)

Figure 3b-Cross section of a retrogressive flowslide.

Figure tL-Cross secfion of an earth flow
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FIELD PROGRAM

The field program was started in 1976 and completed in
1980. All creeks and river banks in the South Nation River
basin were examined. Slope failures and landslide scars
were recorded where recognized. Large slope failures
previously mapped by the Geological Survey of Canada
were, after field checking, incorporated into the maps of
this present report (Fransham et al.1976a, 1976b).

The field work was carried out by canoe on the South
Nation, Castor, and Ottawa Rivers. This allowed easy ac-
cess to the river banks. Where the volume of water was
insufficient for canoeing, as was the case on its tributar-
ies, the examination of the slopes was carried out on foot.
The locations of the survey points and slide scars were
accurately located on airphoto overlays during the exami-
nation oJ each site.

AIRPHOTOS

The airphotos used in the f ield were 1971 photographs at
a scale ol 1:17 000. This scale proved large enough for
efficient and accurate plotting of locations. All river banks
were examined in stereo pairs prior to entering the field.
The method of interpretation has been described in the
thesis, "Air Photo Classification and Glossary of Land-
slide Problems in the Ottawa and St. Lawrence
Lowlands" (Poschmann 1978). Pertinent features and
areas of possible interest were noted on lhe overlays that
were attached to alternate photographs. ln the field, the
overlays were used to record the locations of the slope
survey sites along with the data collected in the field, as
well as other features such as landslide scars. These
data were then transposed from the overlays to NTS topo-
graphic maps at a scale of 1:50 000. The survey points
were numbered and the different failure types appro-
priately indicated in the following categories; earthflows,
retrogressive f lowslides and retrogressive rotational
slides, rotational slides, sheetslides, failing slopes, and
internal erosion features.

SLOPE MEASUREMENT

ln order to determine the stability of a particular slope, it is
necessary to obtain information on its profile. This was
done in the field using a metre stick and clinometer.

The profile of a portion of a river bank was measured
at a point in that segment considered to be representa-
tive of the whole. This point is reJerred to as a survey
point. At each survey point, the height of the bank was
measured by traversing the slope with a metre stick, and
the inclination was taken with a clinometer held parallel to
the slope. These measurements illustrate the slope prolile
only on the day the survey was taken. Hence, they are
time dependent. ln addition, because the information is
used to represent conditions on a length of the slope, the
computed data cannot be considered to be site specific.

6

Slopes with profiles that showed variations in inclina-
tion with height were measured in segments to better del-
ineate the true slope. Survey points were taken wherever
there was a change in the height or inclination of the
slope. Profiles of the failed surfaces of all types of land-
slides were surveyed, along with the profile of the adja-
cent slope. The adjacent slope profile serves to illustrate
the probable slope conditions prior to the failure and is
used to classify the slope in that sector.

Measurements were particularly important on slopes
>2 m in height or with a grade greater than 1 :4. The maxi-
mum error in height was 1 m in slopes of 10 m or more,
and due to the irregularities in the surfaces, the maximum
error in the angle of inclination was 2o.

Special note was taken of bedrock when it was pres-
ent in slopes, and also of existing flood plains. Their pres-
ence requires consideration in slope classification as
both considerably affect the stability of the slope.

ANALYSIs

The stability classifications for slopes in Champlain Sea
clays are based on the Factors of Safety calculated for
each slope. The Factor of Safety is simply a number relat-
ing the magnitude of the forces holding a slope together
to the magnitude of the forces that are seeking to level it.
Theoretically, a Factor of Safety greater than 1 .0 indicates
that a slope is held together by forces larger than those
seeking to fail it and the slope is stable. Conversely, if the
Factor of Safety is less than 1.0, the slope is unstable,
and the forces seeking to fail the slope are larger than the
forces resisting them, and failure occurs.

A Factor of Safety equalto 1 .0 is the critical condition
in the ideal case where the soil characteristics and
strength parameters, and the height, inclination, and sat-
uration of the slope are accurately known. Given the con-
ditions, it is possible to construct a graph, shown in Fig-
ure 5, illustrating the relationship between slope height,
inclination, and the Factor of Safety.

Nevertheless, it has been found in these clays, that a
factor of 1.5 rather than 1.0, is the critical Factor of Safety
that must be used. This is well demonstrated in Figure 6,
which is a plot of the failed and unfailed slopes related to
height, inclination, and the Factors of Safety 1.0 and 1.5.
An examination of the graph shows there are some
slopes that have failed with Factors of Safety greater than
1.5. They represent only 6% of the surveyed slopes, and
are due to factors as yet unidentif ied.

To calculate the Factor of Safety, the geometry of the
slope, the groundwater conditions, and the strength of
the soil need to be known. The slope profile and ground-
water conditions, ru (pore water pressure) are measured
in the field. The strength parameters d' (effective angle of
internal friction) and c' (effective cohesion) are deter-
mined by laboratory testing.

The field program for this study involved measure-
ment of the slope profiles only. Values ior ru, 6', and c'
have been assumed. These assumed values are based
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46
HEIGHT OF SLOPE

All calculations on such slopes were conservative,
assuming from the last point of outcrop that the remaining
part of the slope was not defended by bedrock. Slopes
totally composed of rock are noted as such on the maps.

The second condition concerns the existence of 2
slopes, the river bank and an upper slope, separated by
a terrace or floodplain. When the river bank was low, and
an examination of the airphotos revealed that the
floodplain was inundated during spring runoff, the upper
slope was measured and a Factor of Safety established.
ln this case, the upper slope represents the worst slope
conditions, saturated but not submerged. When the river
banks are high, and the terrace is not flooded every
spring, both slopes were measured and the lowest Factor
of Safety was used to classify the slope.

SLOPE CLASSIFICATION

The slopes have been grouped into 6 classes based on
the computed Factors of Safety. The specific values used
in the classification are presented only as a guide to
slope conditions, not as a firm basis for engineering de-
sign or development. Under all circumstances, site-spec-
ific studies and/or inspections should be carried out at all
sites before any planning or development is undertaken.

A dual classif ication is given for each of the 6 classes
of slope. One is a numerical value based on the calcu-
lated Factors of Safety, and the second is a parallel corre-
sponding verbal description for each class. lt is stressed
that the classif ication system is generalized. This



SOME VALUES FOR .EFFECTIVE ANGLE OF INTERNAL FRICTION E, ', .EFFECTIVE COHESION C, ,AND.PORE

PRESSURE r"'OFTAINED FROM SITE-SPECIFIC STUDIES lN THE OTTAWA AND SOUTH NATION RIVER AREA.

Slope c'(kN/m'z)

Critical Strength Parameters

e'(deg) ru Remarks Source

Lemieux

South Nation Slide

Cumberland

Bearbrook

Queenswood

Castor River

Bearbrook

St. Bernadin Slide

(in slide)

39"

36"

27"

8.2

9.0

12.4

8.9

11.'1

11.4

7.3

3.6

25"

33'

0.62

0.60

0.62

0.62

0.62

0.62

0.62

0.62

Assumed hydrostatic

saturation.

Assumed hydrostatic

saturation.

Assumed hydrostatic

saturation.

Assumed hydrostatic

saturation.

Assumed hydrostatic

saturation.

Assumed hydrostatic

saturation.

Assumed hydrostatic

saturation.

Assumed hydrostatic

saturation.

Fondex Ltd. 1974.

Eden, Fletcher,

Mitchell 1971 .

Ontario Ministry of Transpor-

tation & Communications 1973

Golder Assoc. 1974.

Golder Assoc, 1 974.

D. Goodings '1976.

D. Goodings 1976.

D. Goodings 1976.

34"

34'

has been done to take into account the fact that c' and @'

are averaged values and not entirely accurate numerical
representations of strength at a specif ic location.

SLOPE STABILITY CLASSIFICATIONS
(after Klugman and Chun91976)

Factor of Guidelines
Safety

<0.8 Unsuitable for construction, or will require extreme
remedial measures in order to safely utilize
the site. These measures would need to be
based upon extensive detailed geotechnical
studies. The proportion of necessary invest-
ment to make the property usable for con-
struction probably would out-weigh the cost
of the completed structures. lt is therefore not
economically feasible.

0.8-1 .2 Will require extensive remedial measures as
dictated by detailed geotechnical studies.

The necessary investment to prepare and stabilize the
site will be great and probably would make normal devel-
opment uneconomical.

1 2-1 .5 Detailed geotechnical investigation necessary,
with concomitant remedial works. This class,
under undisturbed conditions, is considered
marginal, Stabilization works or restrictive
physical conditions would be necessary.
Their type and extent would depend on the
type of develoPment.

1.5-2.0 Routine geotechnical investigation necessary.
Developer would have to know soil condi-
tions. Stabilization works would depend on
type and size oi planned structures.

2.0-2.5 Routine inspection necessary to determine the
need and extent of geotechnical investiga-
tion.

>2.5 Should be inspected, but no remedial action likely
to be required. This class also includes
slopes that were inspected, but because of
their nature, no detailed recordings were
deemed necessarY.
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SUMMARY

As indicated on the northern and southern map sheets,
the South Nation River and the portion of the Ottawa River
that was studied illustrate variable slope characteristics.
Areas with high Factor of Safety values can be directly
adjacent to locations with lower Factors of Safety Ditfer_
ent Factors of Safety also occur on opposite banks of the
nver.

_ The portion of the South Natlon River between Bear
Brook and the Castor River is exceptionally prone to land_
sliding Examples of areas with low Factois'of Safety can
be found around Fournier, St-Bernadin, and a section
along the Ottawa River northwest of Orleans. Areas with
hrgh 

,Factor of Safety values are found in the vicinity of
Winchester and Spencerville, ln general, rivers and
streams south of Chesterville have higher Factors of

Safety than the water courses in the northern part of the
South Nation River watershed. lt should be stressed that
there are exceptions in each case,
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APPENDIX 1-

COMPUTER PROGRAM
The computer program used for calculating the iactors of
safety was developed at the National Research Council
by J. G. Arseneault (1967), and was adapted for the first
report (Klugman and Chung 1976) by Professor R. J.

Mitchell of Queen's University, Kingston, Ontario The
program solves for Factors of Safety by an iterative
process using the Standard Bishop's equation for analys-
ing slopes.

Each slope was approximated with three or more line

segments resolved into a co-ordinate system. The toe of
the slope was chosen as the point through which all slip
circles in the failing slope would pass. The Factor of
Safety was calculated by dividing each slip circle into
100 equal width slices through the slope over which the
forces are calculated. One hundred such circles, each
with a centre point located inside a designated search
area, are solved to find the minimum factor of safety and
the critical centre.

The slopes were assumed homogeneous in soil and
ground water conditions. Given input data used were:

c' 
-effective 

cohesion in kN/m2 : 10kN/m2
0' --effective angle of internal friction in degrees

-- J.)

1 -unit 
weight of soil in kN/ms : 16.45 kNim3

ru 
-pore 

pressure ratio : 0.62

The input data cards were arranged as follows:
Card 1 -O4 -sloPe 

number
Card 2 - 03 

-number 
of line segments of

slope (N)
Card 3 - x y 

-co-ordinates 
of nodes of line

Card 4-xy 
-segmentsinconsecutiveorderCard 5-xy 
-(toamaximumof20)Card 6-xy

Card 7 - 1 .00 
-1O-FS 

and c'
Card 8 - 10 

-constant, 
other than 10 means

variable

Card 9 - 16.45
Card 10 - 10 -for constant ru

Card 11 -0.62 -ruCard 12-33 -0' (in degrees)
Card 13 - 27 30 ---other trial values of 0' for mini-

mum F.S.

Card 14 - X.Sr -X co-ordinates for search area
for critical centres.

Card 15 - Y.Yr -Y co-ordinates for search area
for critical centres.

Card 16 - X Y -X, Y co-ordinates of chosen fail-
ure point.

Card 17 - Blank 
-terminates 

readings and directs
program to next sloPe number

On thg basis of the given input data, it is possible to show
the relationship between slope inclinations and slope
heights to the calculated Factor of Safety The plot shown
in Figure 5, can offer an approximate guide {or determin-
ing the Factor of Safety of simple slopes in the South Na-

tion River watershed.

Each site surveyed in the South Nation River watershed is
shown on the accompanying maps. The sites have been
assigned a symbol and a site number. Symbols without
numbers are locations of slope failures only. ln places, it

was not possible to take readings at these failures or al-

ternatively, at the discretion of the senior author, mea-
surements were deemed unnecessary.

Appendix 2 gives the computed Factors of Safety for all

the surveyed sites. lt must be stressed that the computed
Factors of Safety are based on a profile measured at a
point on the slope and illustrate the slope conditions only
at the time it was surveyed. The Factors of Safety are time
dependent values that should not be used for detailed
site design The Factors of Safety are presented solely as

a guide to further work.

11
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" APPENDIX2
COMPUTED FACTORS OF SAFETY FOR SURVEYED SITES IN THE AREA OF THE

SOUTH NATION RIVER WATERSHED AND THE OTTAWA RIVER, FROM
TREADWELL TO OTTAWA.

Site
No.

Site
No.

Site
No.

Site
No.

Site
No.

1

2
a

4
t

6

7

B

a

10

11

12

13

14
IE

16

17

1B

19

20

ZI

22

23

24

25

26

28

29

30

JI

32

33

34
atr

36

37

38

39

40

41

42

43

44

45

46

47

4B

49

50

ct
52

53

54

55

56
EA

5B
RO

bU

61

62

CrJ

64

65

66

6/

6B

69

70

71

IJ

74
AF

76

77

78

79

80

B1

82

B3

84

B5

86

6t

8B

89

90

91

92

93

94
OA

96
g7

98

99

100

101

102

103

104

105

106

107
'108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

148

149

150

151

152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

174

175

>2.50

1.82

1.69

1.36

1.40

1.48

1.52

1.68

2.00

1.31

1.04

0.80

1.00

Bedrock

1.50

2.30

084
2.20

>2.50

>2.50

120
1.40

0.87

2.40

1.86

2.38
10n

0.85

2.40

>2.50

098
I.DY

1.83

1.70

1.86

2.50

1.45

1.58

2.50

1.23

2.40

1.22

1.54

1.87

0.78

>2.50
2.40

1.87

1,42

1.29

1.66

1.43

1.78

1.42

1.39

1.39

1.39

1,31

1.48

1.49

1.44

1.49

1.21

1.26

1.30

1.40

1.76

1.60

1.50

1.40

2.20

1.60

1.57

1 .31

0.94

1.33

0.98

1.33

1.55

1.58

t.lc
1.54

L25

LOZ

1.85

1.98

1.40

1.43

1.42

174
1.42

1.24

1.39

1.48

1.40

1.53

1.45

1.53

1.35

1.52

1.75

z.u I
'1 .03

2.00

1.28

1,39

1.38

1,52

1.45
'1 .80

1,35

1.64

1.29

1.38

1 .15

1.60

1.36

1.20

1.92

1 .71

1.53
1eo

1,35

1.35

1.60

1,67

2.04

1.'18

1.BB

1.'18

t.43

1,28

1 .16

1.50

1.40

1.03

1,19

0,85

1.24

131

1 .10

0,96

1.25

1,50

o.77

105
0.97

1.05

0.97

1.22

1.22

0.96

1.31

1.06

159
096
150
1,92

1.43

1.45

1.30

Lb5

1.35

1.50

1.80

1.30

1.69

2.04

1.65

1.51

0.92

0.90

1.56

1.39

1.42

L2
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FS
Site
No.

Site
No.

Site
No.

Site
No.

Site
No.

176

177

178

179

180

181

182

183

184

185

186

187

1BB

189

190
101

10c

10e

194

195

196

197

198

199

200

201

202
ana

204

205

206

207

208

209

210

211

212
412

1.55

1.27

1.89

0.81
1aa

1.30

1.25

1.30

1.23

1.41

1.O2

O.BB

0.85

0.71

>2.50

2.17

2.35
\, qn

202
>2.50

1.44

>2.50
>2.50

1 .57

1.34

LZO

1.88

2.44

2.20

1.33

>2.50
2.OB

Z.UJ

z. to

1.70

1.72

2.16

214

215

216

217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

zJz

233

234

236

237

ZJO

239

240

241

242

243

244

245

246

247

248

249

250

251

LJZ

2.34

1.82

1.60

2.40
i EE

1.95

1.54

2.06

>2.50

1.55

1.67

1.23
'1 .60

1.58

1.48

2.03

1.47

1.50

>2.50

z.tz
110
aaE

2.40

2.45

1.40

2.10

1.73

1.28

1,27

1.95

1.95

1.54

2.10
4 C^

1.65

2.45

1.35

252

253

254

255

256

257

258

259

260

lot

262

263

264

265

266

267

268

269

270

271

272

273

274

275

276

277

278

279

280

281

282

283

284

285

286

287

2BB

289

1.53

2.36

1 .76

1.26

160
1,11

1.38

0.90

1.13

1.36

2.O2

1.64

1.64

1.15

t.Jt
1.15

1.37

1.20

2.10

1.70

1.71

1.51

1.34

1.56

1.67

LZC

0.81

1.44

LZ6

2.13

2.16

2.08

>2.50
1.79
'1 .39

1.82

1.23

1.76

290

291

zYz

293

294

295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

31 1

312
JIJ

314
or E

J tb

317

318

319

320
3Zt

322

323

324

325

326

327

>2.50

1.10

>2.50

2.15
I Et

z.uz

1.64

0.71

1.42

0.75

0.76

1,42

092
t.5/
097
1.50

1.45

0.87

1.77

0.80

1.43

1.20

2.10

1.50

1.16

1.21

1.24

1.08
1F1

2.19

1.08

1.34

0.80

203
1,41

z.42

>2.50
144

328 2.29

329 1.25

330 1.77

331 >2.50

332 >2.50

333 1.34

334 1.49

335 1.94

336 2.42

337 2.33

338 1.70

339 2.45

340 2j6
341 2.20

342 1.63

343 1.67

344 1.51

345 1.93

346 1.86

347 1.83

348 1.28

349 1.50

350 1.49

351 1.59

352 1.83

353 1.34

354 >2.50

355 1.38

356 1.43

357 1.75

358 1,59

359 1.34

360 1.36

361 2.39

362 1.61

363 0 68

364 2.34

365 .1 53

1.3
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APPENDIX 2 - Continued

Site
No.

Site
No.

Site
No.

Site
No.

Site
No.

366

367

368

369

370

371

372

373

374

375

J/b
2aa

378

379

380

381

382
eae

384

385

386

387

388

389

390

391

392

393

394
20q

396

397
20Q

399

400

401

402

403

179
1.84

1.60

1.68

1.74

1.59

1.73

a

1 .76

1.95

2.00

1.40

1.95

2.07

1.77

1.59

a

1.24

1.43

1.59
I EE

1.40

216
1.98

1.50

2.08

207
1.95

1.85

1.89

1.54

a

1.59

1.68

1.09

2.08

1.76

404

405

406

407

408

409

410

411

412

413

414

415

4ltl

417

418

419

420

421

422

423

424

425

426

427

428

429

430

431

432

4JJ

434

435

436

437

438

439

440

441

1.50

1.78

1,05

1 ,12

1.49

1.84

1.68

t.oz

1.86

1.62

1.58

1.57

1,52

@

2.00

2.O2

a

1.34
'1 .69

1.27

1.45

2.40

a

1.40

0.98

1.81

088
2.15

1.57

1.65

1.33

0.83

1.08

1.77

1.68

1.18

1.18

LJZ

442

443

444

445

446

447

448

449

450

451

452

453

454

455

456

457

458

459

460

461

462

463

464

465

466

467

468

469

470

471

472

473

474

475

476

477

478

479

2.00

t.oJ

1 .15

2,43

1.63

1.42

1,33

1.33

1.31

1.83

1,25

1.93

1,BB

0.89

2.35

0,83

1.07

2.45

1.45

a

1.30

1,50

1.28

1.40

1.51

Ltc
1.15

0,96

2.23

2.26

2,24

2.13

LZ+

1.71

1.72

1.71

1.67

@

480

481

482

483

484

485

486

487

488

489

490

586

587

588

589

590

591

592
qoe

594

595

596

597

598

599

600

601

602

603

604

605

606

607

608

1.84

1.49

1,50

1.40

0.82

1.03

a

1.35

1.26

1 .15

1.10

0.71

0.82

1.65

0.89

u./b
1.72

1.17

1.81

0.83

1.30

a

1,53

609

610

61 1

612

613

614

615

btb
ot/
618

619

620

621

ozz

623

624

625

626

ozt
628

629

630

631

632

633

634

635

636

637

638

639

640

641

642

643

644

645

646

1.53

1.24

1 .18

1,38

1.19

1.24
4 aE

1.19

1.53

LJ+

1.45

1.03

1.05

1.04

1.73

2,10

1.14

1.14

1.67

1.56

1.18

a

1.43

0.99

1.00

1.17

1.07

1.71

1.26

2.34

1.34

1.39

2.25

1.22

1.35

1.36

1.21

1.73

a

a

a

a

a

@

a

1.73

230
230
1.65

1.4
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Site
No.

Site
No.

Site
No.

Site
No.

Site
No.

647

648

649

650

651

652

653

654

655

656

657

658

659

660

661

662

663

bb4

665

666

667

668

669

670

671

ot z

673

674

675

676

6/t
678

679

680

681

682

683

684

I,JJ

1.49

1.69

1.91

a

1.29

1.30

1.28

1.38

1.31

1.91

1.25

1.82

1,59

1.50

1 .21

1.41

1.39

1.45
17Q

1.73

2.05

1,43

1.24

1 .13

1,39

2.09

1.83

a

1.07

a

1.42

1.98

1.36

2.09

1.92

a

166

685

686

687

6BB

689

690

691

692

693

694

695

696

697

698

699

700

701

702

703

704

705

706

707

708

709

710

711

712

713

714

715

716

717

718

719

720

721

722

2.25

a

1.93

a

1.70

z.vo

a

1.32

1.98

a

2.42

1.86

1.98

2.31

1.51

2.OB

2.28

a

a

1.70

a

z.z I

2.21

a

1.66

a

@

1.45

1.32

1.22

1.25

1.43

1.42

0.95

1.05

1.54

a

1.06

723

724

725

726

727

728
7CO

730

/Jt
732
124

734

735

736

737

/J6
tJv
740

741

742

743

744

745

746

747

748

749

750

751

752

753

754

755

756

757

758

759

760

a

2.35

a

1.69

0.86

086
2.52

1.70

1.56

1.52

a

1.88

1.03
'1 .53

2.10

1.29

1.20

2.30

1.34

1 .16

1.24
'1 .19

1.42

a

0.91

093
1Aa

2.O2

1.44
'1 ,16

@

2.21

2.12

I,JJ

1.50

2.O9

a

2.04

761

762

763

764

765

766

767

768

769

770

771

772

773

774

776

777

778

779

780

781

782

783

784

785

786

787

788

789

790

791

792

793

794

795

796

797

798

086
1.49

0.68

0.67

0.91

0.79

0.75

0.75

0.75

a

0.80

0.89

0,55

1.33

a

1.16

0,87

1.20

a

1.57

a

2.11

LZC

1.35

2.O4

a

o.B2

1.14

0.92

1.O2

'1 .10

a

0.62

1.87

0.70

0.66

@

0.88

799

800

801

802

803

804

805

806

807

BOB

809

810

811

812

813

814

815

816

817

818

819

820

821

822

823

824

825

826

827

828

829

830

831

832

833

834

835

836

0.81

1.31

n70

1.52

1.20

090
098
0.81

0.96

1.08

0.78

1.20
.1.15

0.88

a

1 .17

1.38

1 .18

0.90

1.15

1.05

a

2.45

I,JI

1.32

1.56

1.24

1.22

1.00

1.31

1 19

128
1.44

1.08

a

1.64

0.86

1.79

15
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Site
No.

Site
No.

Site
No.

Site
No.

Site
No,

837

838

839

840

841

842

843

844

845

846

847

B4B

849

850

851

852

853

854

855

856

857

B5B

859

860

861

862

863

864

865

866

867

B68

869

870

871

872

873

874

103
0.52

1.0'1

0.79

0.83

a

178
a

1.39

a

1.58

1.30

a

1.19

1..16

a

1.09

1.29

a

1.89

1.30

0.93

a

1.21

1 .15

1.09

1.84

1.54

1.49

1.64

a

1.28

1.39

a

1.97

1.66

1.67

a

875

876

877

878

879

BBO

BB1

882

BB3

B84

B85

BB6

887

BBB

BB9

890

891

892

893

894

895

896

897

898

899

900

901

902

903

904

905

906

907

908

909

910

91 1

01t

2.14

2.12

a

1.95

1.55

1.40

1.31

1.05

1.17

1 .19

1.24

1.31

1.03

2,01

1.53

1.16

1.66

1.58

1.27

2.29

1.02

1.75

1.01

1 .74

1.24

0.84

a

0.95

a

0.86

a

0.70

a

U,/J
0.61

0.82

a

0.84

913

914

915

916

917

918

919

920

921

922

923

924

925

926

927

928

929

930

931

932
oee

934

935

936

937

938

939

940

941

942

943

944

945

946

947

948

949

950

0.84

1,07

1.24

1.29

@

1.49

a

a

a

@

0.87

1.02

a

1.24

0.83

0.78

1.24
'1 .16

@

a

1.31

a

a

a

@

a

1.29

0,97

0.90

@

1.20

0.97

1.20

1.33

1.35

1.50

1.11

a

951

952

953

954

955

956

957

958

959

960

961

962

963

964

965

966

967

968

969

970

971

972

973

974

975

976

977

978

979

980

981

982

983

984

985

986

987

988

a

@

1.78

a

1.04

0.77

a

0.98

1.18

1.53

100
0,55

a
n70

1.10

1.38

190
1.80

1.40

1.30

1.30

1.00

0.70

u)

1,30

0.80

0.70

1.70

0.80

0.70

0.70

0,70

1.30

1.10

1.50

989

990

991

992

993

994

995

996

997

998

999

1 000

1 001

1 002

1 003

1 004

1 005

1 006

1 007

1 008

1 009

1010

10'1 1

1012

1013

1014

1015
'1016

101 7

101 B

101 I
1 020

1021

1022

1 023

1024

1 025

1 026

1.50

1.40

1.00

1.40

1.40

1.10

1,30

2.20

1 .10

190
1.90

1.50

2.10

0.70

090
130
0.80

1 .10

0.50

1.10

1 .10

1.40

0.70

0.90

1.30

1.10

0.80

0.80

1.50

1.70

2.40

0.90

0.90

1.00

2.10

1.5
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FS
Site
No.FS

Site
No.

Slte
No. FSFS

Site
No.

1027

1028

1 029

1030

1031

1032

1 033

1034

1 035

1036

1037

1038

1 039
'1040

1041

1042

1043

1044

1 045

1 046

1047

1 048

1049

1 050

105'1

1052

1 053

1054

1 055

1056

1 057

1058

1059

1060

1 061

1062

1.80

1.30

a

a

0.90

0.70

1.10

1.90

1.10

1.40

1 .10

Bedrock

2.40

1.30

1.10

1.70

1.60

1.20

1.60

1.10

2.50

2.OO

1.20

1.70

Bedrock

Bedrock

a

@

a

1 099

1 100

1101

1102

1103

1 104

1 105

1 106

1107

1 108

1 109

1110

1111

1112

1113

1114

1115

1 116

1 117

1118

1 119

1120

1 121

1122

1123

1124

1125

1126

1127

1128

1129

1 130

1 131

1132

1133
'1 134

1.40

1.40

1.40

1.40

2.30

1.50

0.70

0.80

1.40

1.30

1.90

1.20

2.30

1.70

1.40

@

1.70

0.80

2.30

2.30

a

0.80

2,10

1.90

a

1.30

2.30

1.30

1.30

@

a

1.80

a

a

2.30

1135

1 136

1137

1 138

1139

1 140

1141

1142

1 143

1144

1 145

1 146

1 147

1 148

1 149

1 150

1151

1152

1153

1 154

1 155

1156

1 157

1158

1159

1 160

1161

1162

1163

1 164

1 165

1166

1167

2.30

2.30

2.10

2.10

0.90

1.20

1.00

0.80

1.90

2.45

2.07

1.75

2.27

2.08

a

1.22

2.00

2.15

1.22

2.30

0.97

1.78

1.46

1.78

1.71

1.18

1.25

1.60

2.18

1.70

1.70

2.18

1.60

1063 2.OO-2.50

1064 Bedrock

1065 a

1066 2j0
1067 0.90

1068 Bedrock

1069 1 .60

1070 0.80

1071 1.20

1072 1.60

1073 Bedrock

1074 Bedrock

1 075

1076 1 .30

1077 1.10

1078 1 .90

1079 0.90

1080 1.20

1081 @

1082 2.50

1 083

1 084

1085 A

1086

1087

1 088

1089

1090 0.90

1091 0.90

1 092

1093

1094 1.10

1095 1 .30

1 096

1 097

1098

17
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