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9.0 DISCUSSION AND CONCLUSIONS

The slopes in the study area are known to be susceptible to
landslides. One of the primary causes of slope instabiiity is river
erosion at the toe of the slopes. This resuits in a gradual removal of the
submerged slope leading to over-steepening and local failures. However,
this process is slow and the large landslides which have occurred in the
past have probably been triggered by either:-

a) high piezometric levels in the slope,

or, b) earthquake effects.

High pilezometric levels would be most likely to develop after a
period of extremely cold weather, when freezing of the sand layers on the
upper slope face could occur. Such frozen zones could effectively dam the
water within the slope resulting in high plezometric levels. This
hypothesis agrees well with the climatic conditions at the time of the
Haney slide, i.e. freezing weather, followed by heavy rains. Slides of
this type would therefore be most iikely in the period between December and
February. Earthquake-triggered landslides ccould occur at any time,
independent of weather conditions. However, an earthquake would be more
likely to initiate a slide at time of high piezometric levels. If an
earthquake occurred at az time of low piezometric levels, a slide may not
result.

There is a significant possibility that single slides could
retrogress to form much larger slides. The potential for retrogression and
the magnitudes of slides which would be formed will depend on the slope
stability prior to faillure and the slide trigger mechanism. Our best

estimates of the plan geometry of future single and retrogressive slides
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are shown on Figure 2. These geometries are based on previocus slide
geometries and stability analvyses.

Based on our stability analyses and our evaluation oi past
landslide activity in the area, we have sub-divided the study area into

zones of varying degrees of stability (see Figure 2)}.

9,1 Zone 'A?

The existing slope has very low factors of safety in the range
1.05 to 1.20. Eigh plezometric levels or an earthquake would reduce the
factor of safety to less than 1.0, resulting in failure. River erosion is
concentrated along this section of the study area. The slope has poor
lateral drainage, with no significant drainage gullies or ravines present.

We expect that single failures would extend about 30 m back from
the slope crest, and could involve some structures. However, based on the
low present factors of safety, it is possible that failures in this area
could retrogress a significant distance back from the slope crest, and
could affect up to 50 properties. Typical single and retrogressive
failures which could be expectad are shown on Figure 2.

This section of slepe 1is therefore classed as 'poor'. The slope
requires remedial measures in order to ensure that future landslides do not
cceur. We recommend that the remedial measures should initially involve
monitoring of plezometric loads for one year, to define changes in
plezometric levels. Following this period, drainage measures should be

installed, as discussed in Section 11.2.
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9.2 Zones 'B' and 'C!

This section of slope has factors of safety generally in the range
1.2 to 1.4. High piezometric levels or an earthquake would reduce these
factors of safety to azbout 1.0 to 1.2. River erosion is taking place along
the bank in Zome 'B', although no erosion 1s occurring in Zone 'C'. There
are a number of drainage gullies or ravines intersecting the slope, which
would tend to limit high piezometric levels in the slope.

We would expect that future river erosion, together with high
plezometric levels or an earthquake in these areas might resulf in
landslides. The landslides would, however, be less likely to retrogress
than in Zone 'A'. The stability of these slopes is therefore classed as
"poor' in Zone 'B' and 'fair' in Zone 'C'. We recommend that river erasicn
rates and piezometric levels should be monitored in these areas. Based on
this data, it should be pogsible to define any remedial works which are

required.

9.3 Zone 'D'

These sections consist of river bank slopes at the toes of the
existing large slides and low lying river bank te the east of the Haney
Slide. The river bank slopes may be subject to small-scale single
failures, due to river erosion at the toe. These failures would generally
not tend to retrogress. The stability of the overall slopes in these areas

is classed as 'good'.
10.0 MONITORING

We recommend that a program of monitoring should be instituted on

the slopes in Zones 'A', 'B' and 'C'. The monitoring should define the
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rate of river bank erosion in the area, and the range of piezometric levels

within the slope.

10.1 River Bank Erosion

This monitoring should be performed to establish the present rate
of river bank erosion. It is possible that the erosion rate is extremely
slow, so that erosion protection would not be justified considering the
degign 1ife of the structures at the slope crest.

The following program is recommended to moniter the erosion at the
site:-

a) Re—survey the cross-sections annually, at the same locations
as was done in 1978. It is preferable to survey at or near
spring freshet conditions (e.g. late June, early July). The
crogs-sections should be carried up to a stable reference
point — such as the railway — so that changes in horizontal
distance from waterline can be measured.

b) Vigit the site annually and take representative photographs
to compare with previous years. Any significant changes or

local erosion pockets should be noted.

10.2 Piezometric Levels

It will be necessary to install a series of piezometers to
establish more accurately the piezometric levels within the slope.

We anticipate that 5 oy & typical gections would be monitored.
The instrumented sections would be concentrated in the poor zones, with at

least 2 or 3 sections located in Zeone 'A'. Each section would contain at
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least three instrumented boreholes, containing piezometer sets. The
boreholes would be located on the CPR bench, at the slope crest, and about
50 m back from the slope crest. Each borehole would contain 2 or 3
piezometers, so that a typieal instrumented section would contain about 6
to 9 piezometers. The boreholes would be cased and logged during drilling
to obtain additional stratigraphical information, and to ensure that the
plezometers are located within permeable stratd.

Water levels in the plezometers should be monitored on a twice-
monthly basis during the winter and spring months and monthly during summer
and fall., This should enable an assessment to be made of variations in the
piezometric levels. The plezometers would be useful in determining the
influence of any remedial drainage measures installed at the site. This

monitoring system could also, to some extent, be used as a warning system.

11.0 REMEDIAL MEASURES

We recommend that a program of remedial measures should be
instituted in Zone YA', in order to Improve the stability of the existing
slopes. The actual design of remedial measures is beyond the terms of
reference of this report. However, some comments regarding conceptual

remedial measures which could be considered are given below.

11.1 Erosion Protection

Erosion protection could be provided by placing rip-rap down the
face of the submerged slope. The rip-~rap would have to extend at least 30
m out into the river channel, to prevent undercutting. The rip-rap should

consist of angular, durable, rock fragments. If we assume that the rip-rap
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layer would have to be at least 2 m thick, then about 1 million cubic
meters of material would be required to protect Zone 'A' alone. An
alternative to rip-rap protection would be the provision of groyne
structures. These could consist of steel sheet pile or concrete structures
projecting into the river.

Either of the above alternatives would prove a very costly under-—
taking and could also result in modifications to the river patterns to the
dowastream of the protected bank. A detailed hydraulic study would have to
be performed to ensure that extensive erosion downstream would not result.
We therefore recommend that no erosion protection should be undertaken
until erosion rates have been monitored for several years. As previously
noted, it is possible that the river bank erosion rates are sufficiently

slow that protection would not be justified.

1L.2 Drainage Measures

A less expensive method of increasing the stability of the slopes
would be to install drainage measures to maintain piezometric levels below
& specified level. We recommend that this type of system should be
installed in Zone ‘A', following monitoring of plezometric levels for omne
year. As noted in Section 8.3, the factors of safety of the slopes in this
area would then be increased to at least 1.25. The slopes would then be
generally stable even under seismic conditions.

An important concern will be to establish a realistic target level
for the upper limit of piezometric levels. It will also be important to
ensure that the resulting water table drawdown does not result in general

settlement of the area adjacent to the slope crest. For these reasons, it
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would be preferable if the installation of the system could be delayed

until the piezometers had been monitored for at least one year.

a) Pumped Wells

A suitable system would consist of a series of wells drilled at
about 50 to 100 m spacing, about 50 m back from the slope crest. The
actual spacing of such wells would be best determined after the initial
monitoring period and a field pump test. The wells would be equipped with
submersible pumps to maintain the ground water at a specified level, e.g.
15 m below the ground surface. The wells would probably be comnected to a
concrete header pipe and discharged into the storm sewer system. A
subsidiary pumping station may be required. These wells would be

relatively inexpensive to install, but would be expensive to maintzin.

b) Gravity Drainage by Tunnelling

A long term alternative would consist of a gravity drainage
system. This could consist of a drainage gallery, driven from the CFR
bench. The gallery would have to be drilled using a tunnelling shield and
would be provided with a permanent liner. A series of vertical sand drains
would then be installed from the slope crest, down intc the drainage
gallery. Seepage in the sand layers would then be intercepted by the
vertical drains and would drain into the gallery. The gallery would be
connected to a culvert located beneath the CPR tracks, and would drain into

the river.
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c) Inclined Slope Drains

A less costly long term alternative would comsist of a system of
inclined slope drains. The slope drains would be driven from the toe of
the upper slope and along the C.P. Rail bench. They would extend up to :i00
m Into the glope at an inclination of about 10 degrees to the horizontal in
order to intercept the sand interlayers present over the height of slope.
The slope drains would consist of a system of sand drains within a
perforated pipe that would be connected to a discharge system along the toe
of slope. It will be necessary to install the slope drains below the local
depth of frost penetration or provide additional cover to prevent freezing
and blockage. The system performance would require continucus and periodic
monltoring and installation of additional drains, as found necessary. Such
monitoring may consist of observation of plezometric levels and slope
movement, 1f any, together with measurement of slope drain discharge

volumes.

12.0 COST ESTIMATES

We have carried out preliminary cost estimates for the initial
monitoring program and subsequent remedial measures. Selection of the
remedial measures will be subject to the results of the menitering program,
relative cost effectiveness and system reliability. The present cost
estimate for the required remedial measures is for purposes of sizing and

would be further refined after the initial monitoring program.

12.1 Monitoring - Sections A, B, and C

We estimate that the approximate installation cost for the

piezometer monitoring program would be about $8,000 to $10,000 per
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10.

instrumented section. The total cost of installation would be $40,000 to
$60,000. We further estimate the cost of bi-monthly monitoring, record
updating and preparation of a fimal report covering the results and
interpretation of the monitoring program would be In the range of 57,000 to

$9,000.

12.2 Remedial Measures — Section A

a) Pumped Wells

Costs assoclated with a system of pumped wells include costs
related to initial installation as well as the long term cost of operation
and maintenance. We estimate the unit cost of installation of a pumped
well to be about $4,000. The total cost of installation will depend on the
number of wells regquired together with the necessary discharge and pumping
systems.

It will be necessary to carry out a field pump test to
determine the well spacings. The cost of the pump test can be reduced by
using the piezometers already installed for the monitoring program as
observation wells. The pumped well ingtalled for the fieid pump test can
alsoe be incorporated in the final system of pumped wellg. Therefore the
additional cost of the pump test will be that required to cover testing and
data interpretation only. We estimate the cost of testing and data
interpretation to be about $5,0G00.

The long term cost of operation and maintenance is difficult
to estimate. The cost of operation involves estimation of power consump-
tion together with future cost escalation. The long term maintenance costs

should include periodic maintenance together with pump replacement at
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i1.

approximately every 5 years. It will also be necessary to replace the
wells avery 10 years to waintain operations at an acceptable well

efficiency.

b) Gravity Drainage by Tumnelling

A long term drainage measure involving a combination of drainage
galleries and vertical sand drains would require a relatively large initial
cost. We estimate the initial cost of such a system to be in the range of
5le5 million if tunnelling is carried with dewatering and under dry
conditions. However, if tunnelling is carried out under pressure the
egtimated cost of installation would be in the range of §3 million. The

long term maintenance cost for this system would be minimal.

e) Inclined Slope Drains

Another altermative of gravity drainage dewatering would be
consideration of inclined slope drains that would extend up to 100 m inte
the slope. We estimate the unit cost of installation of inclined slope
drains to be about $2,400, The total initial cost for this system would be
in the range of $500,000. Depending on the system long term performance,
it may be necessary to install additional slope drains at some future

date.

We trust that the informatiomn contained in the report and this

covering letter is adequate for your requirements at this time. Please

contact us if you have further inquiries.
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Yours very truly

GOLDER GECTECHNICAL CONSULTANTS LTD.

7
6// ‘e

Per: R.M. Wilson, P. Eng.
_Z?LL,D. Negussey 65ri
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1.0 INTRODUCTION

This report presents the results of a stability study carried out
for the slopes on the north side of the Fraser River between Haney and Port
Hammond, B.C. (see Figure 1). The study was performed by Golder
Associates, at the request of the Water Investigations Branch.

The scope of this report is as follows:—

a) to assess the soll and ground water conditions in the area.

b) to define the overall stability of the existing slopes,

considering the existing development in the area.

Golder Associates were also respomsible for a stability study
carried out for the section of river bank adjacent to the proposed bypass
alignment. This work was performed for Willis Cunliffe Taitl& Company

Ltd., and covered the river bank slopes to the east of the present study

area.

2.0 PRESENT SLOPES

The existing river bank slopes consist of steep bluffs sloping
into the Fraser River. The overall slope, including the submerged section,
is about 58 m in height at the Haney end of the study area, and decreases
to about 35 m at Port Hammond. The depth of the river ranges from about
23 m at Haney to about 15 m at Port Hammond. The overall slope is
generally in the range 22 to 26 degrees.

Development has taken place close to the top of the slope, with
houses located within 30 m of the upper slope crest. The upper slope is
subject te frequent shallow slides. Seepage through this slope has

resulted in the formation of drainage gullevs and ravines in the slepe.
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The Canadian Pacific Railway runs along a bench about 15 m wide, located
midway up the overall siope. This bench is generally located about 5 m
above low river level. The lower slope, below the bench, is mainly

submerged. This slope is subject to river erosion, and rip-rap protection

has been provided in several areas.

The slopes are known to be subject to landslide activity. Major
slides have occurred at Haney and Port Hammond. The Haney slide took place
in 1880, and is well documented by newspaper reports. Both of the slides
extended at least 300 m back from the slope crest, and included about 13 to
20 hectares of land. In addition, two smaller slides have occurred in the
study area. These slides are located at Port Hammond, to the west of the
main siide, and at ¥ir Street. The small slides generally extended about
40 m back from the slope crest, and included about 1.5 to 2 hectares of
land.

A site plan of the study area is shown in Figure 2. The length of
river bank under study in this report is located between about Sectioms 1

to 29. A profile along the river bank is shown in Figure 3, and typical

slope sections are shown in Figures 4 to 6.

3.0 INVESTIGATION PROGRAM

3.1 Survey Work

A series of 29 cross—sections was performed by the Water
Investigations Branch, in order to define the geometry of the underwater
slopes and the lower part of the river bank. These sections were obtained

by sounding in the river channel, and were tied into reference points

egtablished on the bank.
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The geometry of the upper slopes was obtained from topographic
waps supplied by the District of Maple Ridge. Using this information, the

profiles and sections shown in Figures 3 to 6 were obtained.

3.2 Drilling Program

A field and laboratory testing program was performed to determine
the soil and ground water conditions within the slopes.

The field program was performed between November 15 and December
4, 1979. Five boreholes were drilled to depths of up to 78 m using a
truck-mounted rotary drill rig. The boreholes were located about 30 to 50
m north of the upper slope crest and spaced along the slopes in the study
area (see Figure 2). Piezometers were installed in each of the boreholes,
in order to determine ground water levels in the slopes. Water levels are
presently being monitored at regular intervals. All of the field work was
performed under the supervision of a member of our engineering staff.,

Representative samples were obtained at regular intervals of depth
in the boreholes and in situ strength testing was also performed in the
boreholes. All of the samples were brought to our laboratory for detailed
classification. Following completion of the field work, a program of lab-
oratory testing was performed, in order to evaluate the general properties
of the soils present in the slopes and to determine soil shear strengths
for stability analyses.

The information for Borehole 102 was obtained from boreholes

drilled at this location for C.P. Rail. This data was originally published

in our report, V76049, dated August, 1976.
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4.0 S50IL CONDITIONS

A profile showing the general stratigraphy along the river bank is
givern in Figure 3. A detailed discussion of the soil conditions and

properties is given in Appendix I.

4,1 General

The scil conditions are relatively uniform over the entire study
area, consisting of interlayered silty clay and silty sand, extending to
depths of over 75 m. These strata are of glacio-marine origin, i.e. they
were deposited in a marine environment during an active glacial period.

These strata are underiain at depth by a deposit of compact to
dense silty sand and gravel, which is probably of glacial origin. The

surface of this stratum dips sharply to the west (see Figure 3).

4.2 Haney Clay

The predominant material in the river bank consists of blue-grey
silty clay, known locally as EHaney Clay.

The silty clay generally has a filrm to stiff consistency with
locally soft zones near the ground surface. The long term shear strengths
of the Haney Clay are highly dependent on the mineralogy and plasticity of
the material. High plasticities and clay contents normally reflect low
shear strengths. The Haney Clay generally has a medium plasticity, with
clay contents of about Z0 per cent. The variatioms in plasticity and clay
content are generally random, with no distinct zones or lavers of highly
plastic clay.

Laboratory triaxial tests were pverformed to define the long term

shear strengths of the silty clay over the range of material properties
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identified. Based on these results, it has been possible to define the

range in the Haney Clay shear strengths as fellows:—

Angle of Internal Friction : 30 to 34 degrees
Cohesion : 0 to 14 kPa
4.3 Sand Lavers

The Haney Clay contains frequent lavers of silty fine sand or fine
to medium sand. The thickness of these lavers varies from local zones and
lenses 1 t6 > wm In thickness, up to layers greater than L0 m thick. For
instance, at borehole 105 the upper 25 m of material consists almost
entirely of sand, with only ome 3 m layer of clay.

The sands are generally loose to compact, with locally denser
zones. These strata generally have shear strengths slightly higher than the
Haney Clay. The sand layers are considerably more permeable than the clay
strata, and act as relatively free—draining media. The sand lavers were
observed to exit on the upper slope face in several areas, resulting in
local seepage zones. The piezometers were installed within sand layers.
encountered in the boreholes, in order to determine the water levels

present within these layers.

hod Sand and Gravel

The sand and gravel is generally dense to very dense, with high
shear strengths. However, this stratum is located at considerable depths

below the ground surface, so that it will have a minimal effect on the

stability of the river bank slopes.
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3.0 GROUND WATER CONDITIONS

Ground water levels have been monitored in the piezometers, over
the period between December 1978 and March 1979. These levels indicate
that the piezometric levels in the sand strata are generally located within
5 to 15 m of the ground surface at the slope crest. Ground water levels
close to the ground surface have been recorded locally, e.g. in borehole
103. The water levels were recorded during a period of generally high
rainfall. It is likely that the water levels may fall significantly during
summetr months.

Mo detailed information is available on the actual shape of the
piezometric surface (ground water table) across the slope sections. The
piezometric surface is probably located close to the upper slope face,
gince seepage was noted at several locationms. It is likely that the water
table beneath the CPR bench is close to the river level.

Several of the piezometers are installed within sand layers which
are inferred to exit on the lower slope face below the river level. It is
interesting to note that the recorded water levels indicate that

significant head differentials may exist between the piezometer locations

and the lower slope face.

6.0 HISTORICAL LANDSLIDE ACTIVITY

Three main types of landslide activity have been identified along
the study area. These consist of major (retrogreséive) slides, minor

(single) slides, and shallow surficial slope failures.

6.1 Major (Retrogressive) Landslides

The two major landslides are located at Harey and at Port Hammond

(see Figure 2). The typical geometry of these landslides is shown in
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Figure 7. The geometry indicates that the failures did not occur as single
landslides, i.e. along a single slide plane. Rather the frontal slope
failed, followed by failure of the exposed back scarp. This resulted in
retrogressive fajlures which extended some 300 m back from the original
slope crest.

The Haney Landslide occurred on January 30, 1880. Newspaper re~—
ports describing the landslide are available, together with meteorological
records (see Appendix III). The following points are worthy of note:-

1. The slide occurred rapidly, with little warning.

2. The slide resulted in substantial constriction of the Fraser

River channel and caused a wave up to 60 ft. high, resulting
in extensive damage to boats, wharves, etc., along the
river.

3. Between January 6 and 12, 1880, 25 inches of snow fell while
temperatures remained below freezing. This was followed by
several days of higher temperatures and rain, with a maximum
daily precipitation of 6 inches of snow and 1.6 inches of
rain. The total precipitation during January 188C was 45
pe¥ cent higher than modern averages.

4. Seismic records indicate that no known earthquake could be
linked with the Haney slide.

The toe debris from the slide can be clearly seen in Figure 2.

This debris is subject to active river erosion, and has been removed at a
rate of about 1 m/year during recent years.

The age of the Port Hammond landslide is not known. Based on the
Erees present in the slide area and the absence of slide debris at the toe
of the failure, it is likely that the slide occurred at least 200 years

ago. The retrogressive nature of this slide is confirmed by the scarps at
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the west side of the slide, which are aligned perpendicular to the river
{Photo 6)}. These represent smaller slides which failed laterally into the

main body of the slide, resulting in a lateral expansion of the failure

ared.

6.2 Minor (Single) Landslides

Two smaller slides have been identified in the study area, located
at Fir Street, and west of the wajor Port Hammond slide {see Figure 2 and
Photos 5 and 7). Typical geometries for these slides are shown in Figure
7.

The present topography indicates that these slides occurred mainiy
as single failures of the slope fronting on the river. The landslides did
not retrogress, probably because the mass of land involved in the original
failure did not slide completely into the river, but siumped in place.

This slumped debris then provided some support for the exposed back scarp,
so that retrogression did not occur. The slides, therefore, only extended
some 30 to 60 m back from the original slope crest.

The age of these slides is not known but, based on 1oéal

information, we know that the slides are at least 50 to 75 years old.

6.3 Surficial Siope Failures

Minor surficial failures are frequently observed along the upper
slope above the CPR bench. These failures take the form of shallow flow
slides of clay and sand materials, and are generally associated with
seepage zones exiting in sand layers on the slope face. Shallow back

scarps have been formed at the upper slope crest (see Photos 9 and 10).
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These failures frequently cause movements close to the railway
tracks. The CPR has undertaken a program of maintenance, consisting mainly
of drainage to stabilize shallow failures on the slope. Ongoing work is

being performed at Mile 103.5 (Section 11) and at Mile 103.9 (Section 16 -

Photo 8).

The most active slides in the area consist of surficial failures
on the upper slopes. There is no evidence of old backscarps of retro-
gressive failures associated with a former river chamnnel geometry. It is
therefore likely that the minor, single landslides probably occur more

frequently than the major, retrogressive slides.

7.0 RIVER BANK EROSTON

Northwest Hydraulic Consultants Ltd. have carried out a study of
the river bank erosion in this area (see Appendix IV). This study included
a review of the cross—section data, a discussion with CPR maintenance
statf, and examination of historical aerial photography.

The section of river bank under study is located on the outside of
a large meander reach in the river. The deepest point in the river
(thalwag), is typically located at the toe of the river bank slope. The
evidence indicates that most of the river bank under study is subject to
varying degrees of erosive forces. Strong evidence of the erosion poten-
tial in this area is provided by the continuing maintenance work which is
being performed by CPR on the river bank slope consisting mainly of rip-rap
placement. In several areas the rip-rap has slumped into the viver, indi-

cating undercutting and erosion (see Photos 3 and 4). River erosion has
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also resulted in the removal of the slide debris at the Fir Street and Port
Hammond siides.

The indications are that the erosion is presently concentrated on
the slide debris at the Haney slide. In the remainder of the study area,
the erosion is expected to decrease in severity in a downstream direction,
and is negligible downstream of the minor Port Hammond slide (Section 27).
The only exception is the short area of about 400 m between about BSections
8§ to 12. This area is protected by the toe of the Haney slide, so that no
erosion is presently occurring in this area.

Erosion of the bank above the low water level is resisted in
several areas by the presence of rip-rap, placed by CPR. In addition, log
boom piles and dolphins located along the bank probably provide resistance
to erosive forces. At the unprotected toe of the Haney slide, the rate of
scour has been identified as about 1 m per year between 1938 and 1971. The
rate of erosion over the remainder of the study area is expected to be

slow, and would not be expected to exceed about 0.1 m per year.

8.0 SLOPE STABILITY

A series of stability analyses have been performed to assess the
stability of the slopes in the study area. The slopes considered in this
section mainly consist of the existing high slopes. The stability of the
lower river bank slopes along the old slide areas is discussed in Section

8.9. A detailed description of the stability analyses is given in Appendix

IIL.

8.1 General
The stability analyses provide factors of safety for the existing

slopes. These factors of safety represent the ratio of forces tending to
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cause failure divided by the forces resisting failure. A factor of safety
of 1.0 indicates an unstable slope, and a factor of safety of 1.3 to 1.4
would normally be considered adequate for this type of slope.

Stability analyses were generally carried out for five typical
sections along the slope, to obtain informatioﬁ on variations of stability
in the study area. The analyses generally consider single slope failures
which would extend at least 30 m back from the upper slope crest and could
thus affect existing structures. The analyses do not consilder local

sloughing failures on the upper slope face.

8.2 Present Slope Stability

A series of analyses was performed to assess the present stability
of the slopes based on our best estimate of the various parameters.

The soil parameters obtained from the field and testing program
were used and a low rxiver level was assumed. The piezometric surface was
assumed to be located 10 m below the slope crest and at the ground surface

along the upper slope face (see Figure 8). The following factors of safety

were obtained:-

Estimated

Section Factor of Safety
9 1.25 to 1.30
12 1.05 to 1.10
15 1.20 to 1.25
18 1.25 to 1.30
2] 1.35 to 1.40
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The above results indicate that the section of sliope between about
Sections 1l to 15 has a very low factor of safety. The remaining slopes
have a low, but adequate factor of safety. It should be noted that the
above factors of safety are based on the present slope geometry. Future
river erosion would result in steepening of the lower river bank slope,
resulting in a decrease in the stability of the overall slope.

The next step in assessing the stability of slopes was to perform
a series of sensitivity analyses. These analyses were performed to assess

the sensitivity of the factors of safety to various possible changes in the

agsumed conditions and parameters.

8.3 Slope Stability — Varying Piezometric lLevels

One of the main factors which typically affect the stability of
glopes is the piezometric level within the slope, or the degree of slope
gsaturation.

We have assumed that it is possible that the slope water level
could rise to the ground surface at the slope crest and along the upper
slope face. We have also assumed that the piezometric surface could fall
up to 15 m below the ground surface at the slope crest, and as much as 10 m

into the upper slope face. Typical factors of safety for high and low

plezometric levels are shown below:-

Section Estimated Factor of Safety
High Water Low Water Present Water
Level Level Level

9 1.00 to 1.05 1.50 to 1.55 1.25 to 1.30
12 0.85 to 0.90 1.25 te 1.30 1,05 to 1.10
15 0.95 to 1.00 1.45 to 1.50 1.20 to 1.25
18 1.00 to 1.05 1.50 to 1.55 1.25 to 1.30
21 1.05 to 1.10 1.60 to 1.7C 1.35 to 1.40
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The above results show that the stability of the slopes is highly
sensitive to the actual piezometric level within the slope. For instance,
if the water level rises to the ground surface, i.e. a completely saturated
slope, the slopes between about Sections 11 to 15 would become unstable,
and the remaining slopes would have a very low factor of safety in the
range 1.0 to 1.1, However, if the water level falis about 15 m below the
slope crest and 10 m into the slope face, all of the slopes would be
stable, with factors of safety of at least 1.25.

It is likely that the development in the area, together with
associated roads and drainage, has resulted in a general lowering of the
piezometric levels which may develop in the slopes. The development may
therefore have resulted in a small increase in the factor of safety of the

slopes, with respect to the previous conditions.

8.4 Stability Under Seismic Conditions

A major seismic event could also lead to a reduction in the
factors of safety of the slopes. We have assumed a design horizontal
acceleration of 0.08 g, together with the static conditions and parameters

described in Section 8.2. The results of the analyses are given below:-—

Estimated Factor of Safety

Section Seismic Static
9 1.00 to 1.05 1.25 to 1.30
12 0.85 to 0.90 1.05 to 1.10
15 0.9C to 0.95 1.20 to 1.25
18 0.95 te 1.00 1.25 ro 1.30
21 1.05 to 1.08 1.35 to 1.40
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The results indicate that the slope between Sections 12 and 15

would be unstable, while the remaining slopes would have very low factors

of safety. These analyses may represent congervative assumptions, since

they assume coincidental occurrence of low river level, present plezometric

levels, and an earthquake.

8.5 Further Sensitivity Analyses

Two further parameters which could have an effect on the stability
of the existing slopes are the assumed soll parameters and the river
level,

The soll parameters were varied within the range of properties
identified in the field and testing program. The parameters were found to
generally have a minimal effect on the factors of safety, causing less than
2 per cent change.

A series of analyses was performed to check the influence of river
levels on the stability of the slopes. The previous factors of safety were
generally obtained assuming a low river level at elevation +0 m. The
normal change in river level recorded i1n this area is about 5 m, with a
high river level at about elevation +5 m. The results indicate that this

rigse in river level would Increase the slope factor of safety by about 7

per cent.

8.6 Back Analyses

In order to obtain a check on the accuracy of the above stability
analyses, we have performed back analyses of the two single failures

identified in the study area. This is relatively simple, since the failure

Golder Associates



surface geometries for these slides are determined by the present topo-
graphy, and the previous slope geometries can be inferred from the existing
slopes either side of the failures (see Figure 6 - Section 26, and Photos 5
and 7). The slopes must, by definition, have had factors of safety of less
than or equal to 1.0 at failure.

The back analysis of the Fir Street slide shows that a completely
saturated slope would have resulted in a reduction of the factor of safety
to about 0.95 to 1.0. Alternatively, a design earthquake shock would also
have resulted in failure. This gives good agreement with the estimated
present factors of safety for the adjacent slopes.

The back analysis of the minor Port Hammond slide indicates that
substantial plezometric pressures would be required to cause failure, i.e.
about 10 m above the slope crest. Alternatively, a completely saturated
slope combined with the design earthquake would result in a low factor of
safety. It is possible that the failure may have taken place when the
river channel was significantly deeper, so that the assumed preslide

geometry may be incorrect.

8.7 Retrogressive Failures

The above factors of safety apply to single failures extending

about 30 m back from the present slope crest. A major concern will be
whether these failures would tend to retrogress to form failures of similar
proportions to the Haney and Port Hammond slides. A series of analyses was

therefore performed to assess the retrogressive potential of the initial

failures.
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We have assumed that the material involved in the original slide
would provide no support to the exposed failure back scarp. These analyses
indicate that the failure backscarps would have low factors of safety, of
about 1.0, so that retrogression could be expected. A major uncertainty of
this type of analysis 1s the amount of slide debris which would remain at
the toe of the exposed slope. This would be dependent on the speed or
violence of the initial failure, which would in turn depend on the trigger
mechanism for the slide, i.e. seismic, high piezometric levels, etc. It is
likely that slopes with low factors of safety at present would be more
liable to future retrogressive failures.

Because of the above problems, it is difficult to perform
meaningful back analyses of existing retrogressive slides. Of the observed
slides in the study area, it may be noted that two retrogressed and two did
not retrogress.

It is also difficult to predict analytically how far such failures
could retrogress. 1t is possible that the soil conditions could change
with increasing distance back from the present slope crest. Thls could
limit the retrogression of the slide, as the back scarp is formed in more
competent material. Based on our present knowledge, it must be assumed
that the failures could retrogress to the same extent as the Haney and Port

Hammond slides, i.e. about 300 m back from the existing slope crest (see

Figure 2).

8.8 Slope Drainage

Because of the sensitivity of slope stability to the actual pie-

zometric levels, it is important to consider the drainage characteristics

Golder Associates



17.

of the present slopes. Features such as ravines, drainage gullies and
existing slides may intercept the sand layers within the upper slopes.
These features would therefore encourage lateral drainage and would reduce
the likelihood of high piezometric levels within the adjacent slopes.
However; as noted in Section 5.0, significant head differentials exist
between piezometer locations and locations where the sand layers exit on
the lower slope face. This indicates that existing drainage features
within the upper slope would only reduce the water levels in the adjacent
slopes a limited distance either side of the drainage feature.

The section of slope between Section 7 to 12 is drained by two
ravines and the Haney slide. Similarly, the slope between Sections 16 to
22 is intersected by two ravines and the existing slides. The maximum
length of slope between these drainage features typically does not exceed
100 m.

In contrast, the section of slope between Sections 12 to 16 has
little drainage relief. This section of slope is about 300 m long and has
only small gullies present, which do not extend a significant distance back
into the slope. This indicates that the section of slope between Sections

12 to 16 would be most likely to be subject to high piezometric levels.

5.9 Previous Slide Areas

In the areas of the major retrogressive landslides, i.e. the maior
Port Hammond slide and the Haney slide, the high slopes have been removed

by the failures and the existing slopes in these areas consist only of

river banks about 6 m high.
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The major landslides are now stable against further large scale
failures, due to the subdued topography (see Figure 7). However, river
erosion may be expected to lead to over-steepening and failure of the local
low level river bank. It is our opinicn that these failures would
generally extend a small distance back from the present river bank crest,
so that the initial effects would be limited to the area of the railroad
and south to the river. These failures would not be expected to retrogress

landwaré until an ongoing cycle of erosion and over—steepening occurs.

We trust that this report presents the information you require at
present. If you need further details, please contact us.
Yours very truly,

GOLQE ASSOCIATES

N

Per: R.M. Wilsonm, P. Eng.

//, f,’z..\.)%%&
ji§f,'Roger Jinks, P. Eng.

RMW/RJ: rme

782~1179
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APPENDIX I

Detailed Description of So0il Conditions and
Records of Bereholes



This appendix contains a detailed discussion of the spoil condi-
tions and properties in the study area. A profile showing a general
stratigraphy along the river bank is given in Figure 3. Detailed descrip-
ticns of the strata encountered in the boreholes are given om the enclosed
Record of Borehole sheets, together with the results of laboratory test-

ing.

1.0 GENERAL STATIGRAPHY

The soil conditions are relatively uniform over the entire study
area. The area is underlain by at least 75 m of glacio~marine deposits,
ise. materials that were deposited in a marine environment during an
active glacial period. The deposits consist of interlavered silty clay and
silty sand. The bedding of the material dips to the west at a general
grade of about 1.5 per cent (see Figure 3).

The predominant deposit within these materials consists of blue-
grey silty clay, known locally as Haney Clay. In many areas, the clay is
relatively homogenous. However, it frequently contains significant layers
of silty fine sand or fine to medium sand., The thickness of these layars
varies from local zones and lenses 1 to 5 mm in thickness, up to layers
greater than 10 m thick. For instance, at borehole 105, the upper 25 m of
material consists almost entirely of sand with only one 3 m layer of clay.

The glacic-marine strata are underlain at depth by a deposit of
compact to dense silty sand and gravel., This deposit is probably of gla-
cial.origin. The surface of the sand and gravel dips sharply downward to
the west (see Figure 3). This deposit was only identified in borehole

101.
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2.0 HANEY CLAY
This material is generally described as a blue-grey silty clay,
with frequent thin layers and zones of silty fine sand. The properties

identified in the field and laboratory testing are discussed below.

2.1 Plasticitz

A series of Atterberg Limit tests were carried out on samples of
the Haney Clay, to identify the variations in the mineralogy of the
material. A wide variation was found in the values of both liquid and
plastic limits. Liquid limit was found to range from about 31 to 92 per
cent, an average value being about 45 to 50 per cent. Plasticity indices
ranged from 12 per cent to 59 per cent, an average value being about 25 per
cent. The results of these tests are plotted on a plasticity chart (see
Figure I-1). On the basis of this plot, the material may be classified as
a silty clay with medium to high plasticity.

The variations in plasticity were generally found to be random,

with no distinct zones or layers of highly plastic clay.

2.2 Undrained Shear Strength

Field and laboratory shear vane tests were performed on the Haney
Clay, to determine the undrained shear strength of this material. The
results of these tests are plotted against depth in Figure I-2. The test
results indicate that the clay generally has an undrained shear strength of
about 40 to 60 kPa near the ground surface, indicating a firm to stiff
consistency. The undrained shear strengh increases with depth to values in
the order of 80 to 100 kPa. Localiy, in boreholes 104 and 106, the upper
10 to 15 m of clay was found to have undrained shear strengths of about 15

to 30 kPa, indicating a soft to firm consistency.
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2.3 Sensitivity

The sensitivity of the clay nermally ranges from 2.5 to 5.0, in-
dicating a clay of medium sensitivity. ZLocally, zones of clay with high
sensitivity, in the range 6 to 8 were noted., These were generally
assoclated with the zones of softer clay identified in the upper 10 to 15 =

in boreholes 104 and 106.

2.4 Drained Shear Strength

The most important parameter to be defined in this series of tests
was the long term shear strength of the clay. An extensive testing program
has been carried out on samples of Haney Clay at the University of British
Columbia. The samples tested in this program were mainly obtained from the
area of the old brick factory, close to the intersection of 225th Street
and River Road. The Haney Clay in this area typically has liquid limits of
45 per cent and plastic limits of about 25 per cemt. Results of a series
of laboratory triaxial tests on this type of material are giveﬁ in
Reference 1.%

The results of the index property tests indicated that the Haney
Glay in the present study area frequently consists of a more plastic clay
than the gbove, with liquid limits and plasticity indices up te 92 and 59
per cent, respectively. A series of laboratory triaxial tests was there-~
fore performed on samples of these higher plastieity clays, in order to
define the possible range in drained shear strength parameters. Tests were
performed on two samples of material, with liquid limits of sbout 60 and 92

per cent, respectively. The tests consisted of meltistage consolidated

*# Ref. 1  Campanella R.G., Gupta R.C., Soils Mechanics Series No. 6,

Department Civil Engineering, University of British Columbia,
1969
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undrained triaxial tests, with pore pressure measurements. Three tests
were performed on each sample at varying cell pressures. The results of
the tests are shown in Figure I-3.

The results of the tests are summarized in the following table:

Prained Shear

Source Index Properties{X) Strength Parameters
Liquid Plasticity Effective Cohesion
Limit Index Friction c!
Angle, !
(degrees)  (kPa)
Campanella and 45 20 31.5 7
Gupta
Triaxial test 60 35 32,0 7
-~ Borehole 106,
Sample 10
Triaxial test 92 59 28.0 o]
=~ Borghole 104,
Sample 3

The results of these tests indicate that, over the normal range of
index properties identified, the drained shear strength parameters are
relatively uniform, Based on the above results, the range of long term

shear strength used in the stability analyses was defined as follows:

Angle of intermnal frictien 30 to 34 degrees
Cohesion 0 to 314 kPa
3.0 SAND STRATA

The Haney Clay contains frequent layers of sand, varying in
thickness from local zones 1 to 5 m thick, up to layers greater than 10 m
thick. The sand strata have variable gradations ranging from sandy silts

to silty fine sand, with some zones of fine to medium sand.
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The results of standard penetration tests carried out in the
boreholes withir sand layers are shown on Figure I-4. These indicate that
the sand strata are generally loose to compact, with locally denser zones.
Standard penetration test 'N' values can be used to estimate drained shear
strength parameters for sand strata (Ref. 2%},

Based on this correlation, the following drained shear strength

parameters were defined for the sand strata:

Sand Density Drained Shear Strength Parameters
Effective Cohesion
Friction o
Angle, '
(degrees) (kPa)

Loose to compact 32 0

Dense 36 0

4.0 GLACTAL SAND AND GRAVEL

The sand and gravel is generally dense to very dense, with
standard penetration test 'N' values in excess of 50 blows per 300 m. This
stratum has high dreined shear strengths. However, the material is located
at considerable depths below the grouand surface, sc that it will have a

negligible effect on the stability of the slopes in the study area.

* Ref. 2 Peck, R.B. Hanson, W.E. and Thornburn, T.H.,
Foundation Engineering, p. 310
(New York, Jehn Wiley, 2Znd Ed., 1974)
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LIST OF ABBREVIATIONS

The abbreviations commonly employed on each “Record of Borehole,” on the figures and in the text
of the report, are as follows:

I. SAMPLE TYPES III. SOIL DESCRIPTION
AS  auger sample (a) Cohesionless Soils
€S chunk sample Relative Density N, blows/ft.
DO drive open Very loose Oto 4
DS Denison type sample Loose 4to10
FS  foil sample Compact 10 to 30
RC  rock core Dense 30 to 50
ST slotted tube Very dense over 50
T0 thin-walled, open
TP thin-walled, piston (b) Cohestve Setls
WS  wash sample .
Consistency ¢y 1b./35q. ft.
Very soft Less than 250
11. PENETRATION RESISTANCES Soft 250 to 500
Firm 500 to 1,000
Dynamic Penetration Resistance: The number Stiff 1,000 to 2,000
of blows by a 140-pound hammer dropped 30 Very stiff 2,000 to 4,000
inches required to drive a 2-inch diameter, Hard over 4 000

60 degree cone one foot, where the cone is
attached to ‘A’ size drill rods and casing is not
used.

Standard Penetration Resistance, N: The num- IV. SOIL TESTS
ber of blows by a 140-pound hammer dropped
30 inches required to drive a 2-inch drive open
sampler one foct,

consolidation test

hydrometer analysis

sieve analysis

combined znalysis, sieve and hydrometer!
undrained triaxial?

consolidated undrained triaxial?

WH sampler advanced by static weight—
weight, hammer

PH sampler advanced by pressure—pressure,

hydraulic drained triaxial

PAM sampler advanced by pressure—pressure, urconfined compression

manual field vane test

Nores:

'Combined analyses when 5 to 95 per cent of the material passes the No. 200 sieve.
'Undrained triaxial tests in which pore pressures are measured are shown as § or E.
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RECORD OF BOREHOLE 1O/ SHEET£_oF_3
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RECORD OF BOREHOLE /07 SHEET_2_oF 2
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RECORD OF BOREHOLE /02 SHEET_ 7/ _oF _Z
\ (Sersved Fromm BiHs 035, /036-2,7/03.5-3)
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RECORD OF BOREHOLE /02 SHEET..£ OF <
t
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RECORD OF BOREHOLE /03 swEeT.L _oF. %
|
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RECORD OF BOREHOLE /03 SHEET_ L 0F L
i
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RECORD OF BOREHOLE /04 sweeT . _oF 2
1
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RECORD OF BOREHOLE /O
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RECORD QOF BOREHOLE JoF SHEET_2 _oF_3 __
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APPENDIX TI

Photographs of Site



Phate 1:  Acrial oblicue wiew
of riverbank in study area,
Fir Street glide at centre,
Haney slide at far righc.
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Phote 3: Wip-rap protection
on riverbank slepe below CPR
tracks.

Phoeo %: Rip-rap protectiocs.
Note area where rip—rap hss
sluviped inte tiver, indicati=g
ongoing mdercucting an
in river,
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Fhoto 5: Mitwer Port 5lide Note 3lide backacarp
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terrain a2nd
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Phote 81 Draipsge stabliliza-
tion of =surficial slide on
upper zlooe above PR, sE
ZppIoE. Sectieom 16 {(UER Mile
103.%). Dreinaze consisty of
perforaced pipes installed In
gravel backfilled traneh.



Photos 9 and 10: Surficial siides
I cregt of npper H]|1pa—5, Mote
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Newspaper Report of Haney Slide (1880)
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APPENDIX IV
Report on Riverbank Erosion

~ Northwest Hydraulic Consulitants Ltd.



‘northwest hydraulic consultants Itd.

222 brooksbank ave., n.vancouver b.c, V7J 2C1 edmonton
tel. (604) 380-601! vancouver

Cur File Number

March 23, 1979

Golder Geotechnical Consultants Ltd.,
224 West 8th Avenue,

Vancouver, B.C.

V5Y 1N5

Attention: Mr. R.M. Wilson, P. Eng.

Gentlemen:

Re: Fraser River - Haney to Port Hammond
Bank Erosion

Following your reguest of 18 December 1978 we have
briefly reviewed river data in the subject area with the
objective of assessing erosion of the right (viewing downstream)
bank. Your specific interest was to confirm that erosion is
taking place, and to attempt to gquantify any erosion rates and
their relative values along the reach shown on the attached
Figure. Also, you reguested a recommendation on a suitable
method of monitoring possible future erosien.

Our investigation included review of cross section
data taken in 1978 by the B.C. Water Investigations Branch, a
field inspection, a telephone discussion with C.P. Rail's
maintenance staff, and review of historical air photography.
Knowledge acguired by NHBCL on the specific area through a
previous study with Golder Associates was also applied to this
investigation.

Existing Conditions

The Haney-Port Hammond reach is located in a large
meander bend of the Fraser River, Figure 1. It is typical that
the outside bank of such a bend is continously susceptible to
erosive forces. Evidence from field observations and May 1978
air photography indicates that most of the bank in guestion
is subjected to varying degrees of erosive forces and the shape
of sounded cross sections indicates there is no relatively
inerodable natural material present beneath the water surface.
However most of the bank above the low water surface is resisting
lateral movement due to the presence of riprap, which has been
placed by C.P. Rail to protect their adjacent railway track.

/2
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northwest hydraulic consultants itd.
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additionally, the presence of log booms, piles and dolphins
along the bank {see attached photographs) probably provides
some further resistance to erosive forces. Accordingly, it is
our opinion that the existing erosion rate along this bank

is very slow, probably less than an average of 0.1 metres per
year.

In general, the maximum erosion potential exists
between about points A and B, Figure 1, and the potential
decreases to negligible by the Port Hammond area (point C on
Figure 1). A good indication of the change in erosion potential
with increasing downstream distance along the reach is shown
on Figure 2. This figure shows the thalweg (minimum bed} level
between survey cross sections 8 and 29 - ie. between the 1880
slide and Port Bammond. (Sections are shown on the Corporation
of the District of Maple Ridge Topographic Mapping, supplied by
Golder Associates). The thalweg rises from a depth of 23.4
metres at the slide to 14 metres at Port Hammond. It is typical
that the maximum depth in a river channel increases and moves
from the centre area towards the outside bank as the flow enters
intc a bend, and then decreases and moves more towards the centre
as flow leaves the bend and straightens. Thus Figure 2 shows
that the strongest erosion potential is at the 1880 slide area,
and that the least {and probably negligible) erosion potential
is at Port Hammond, Section 29. The only exception is the short
reach of about 400 metres, between the slide and about Section 12
{Photo 9), which is protected to some degree by the toe of the
slide.

It is interesting to note the two scour holes located
at about sections 14 and 21, Figure 2. These holes are probably
created by a large volume of riprap lying below the water surface
at these points (see photos 1 and 8).

C.P. Rail Maintenance

Discussions with C.P. Rail maintenance staff in
vVancouver revealed that the area has a long history of stability/
erosion problems. The major portion of the existing riprap was
placed in 1967-68 by dumping from a barge; another large
placement was done in 1978, and more is planned for 1979 and
bevond. Recent placements have had more volume dumped per
foot (Photo 8), and rock placed earlier shows evidence of
sloughing and loss of material. C.P. Rail's maintenance program
is strong evidence of the continuing erosion potential in the
area.
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Historical

-3

Erosicn

Based on review of historical air photography

dating back from 1978 toc 1930, no general tendency to measurable
erosion could be seen above the water surface. Localized erosion

of about 6
100 metres

Monitoring

metres in 40 years extending over a length of about
was oObserved near Section 21.

Erosion

erosion at

(1)

(2)

The following program is recommended to monitor
the site:

Re-survey, at regular intervals and at the same
time of the year, cross sections at the same
locations as was done in 1978. It is preferrable
to survey at or near spring freshet conditions
{(eg. late June, early July) and a maximum
interval of 2 years is suggested. The cross
sections should be carried up to a stable
reference point ~ such as the railway - so that
changes in horizontal distance from waterline

can be measured.

Visit the site annually and take representative
photographs to compare with previous years. Any
significant changes or local erosion pockets
should be noted.

If you have any gquestions on any aspect of this

investigation, please feel free to call us at any time.

Sincerely,

NORTHWEST HYDRAULIC CONSULTANTS LTD.

WA

M.H. Okun,

¥, Eng.

Branch Manager

MHO/smh
Encl.
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FIELD TRIP 70 HANEY - PORT HAMMOND
13 January 1979
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Photo 1.

View upstream towards Port Hammond

(mill in background). Note riprap

which stops well below top of railway
embankment. Location approximately
Section 21. Also note extent of dolphins
and piles along bank.
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Photos 2 & 3.

View downstream towards Port Hammond
location approximately Section 19.

Note riprap in foreground is well

pelow railway grade, while a short
segment is as high as the railway grade
in the center background. Riprap in
this area is relatively poorly graded,
although the rock is of good guality.
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Photos 4 & 5. View upstream approximately from
cross section 16, Riprap extends
almost to railway grade at this point.
This appears to be relatively newly
placed rock. Note material deposited
over riprap in centre of photo. Again
note extent of dolphins and log booming.
1880 Slide is at centre background of
photo.
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_Photo 6. View to recent small slide area just upstream
of previous photo and to north of tracks.

Photo 7. Assumed deposition from slide of photo 6.
Note culvert exit in embankment at the right

centre of photograph.
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Photo 8. View upstream from about cross section 14.

r_.'i' .

Photo 9.

View upstream around Section 12.
here and the 1880 slide,

been deposition as opposed to erosion. Photo
taken from protruding culvert.

Between
there has obviously
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Photos 10 & 11.

View downstream from the same location

as photoc 9. Note steeper natural bank

and evidence of erosion in this area.

There is a considerable amount of launched
riprap visible at the waterline. Again note
extent of dolphins and log booms.
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Photo 12. Evidence of launched riprap from same
location as previous 3 photos.

Photo 13. Another view upstream, a short distance
upstream of photo 12. Riprap in this area
has been placed for some time. Note old
piles cut off above low water line at left.
Also, looking upstream note intermittent
placement of riprap.
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Photo 14.

View upstream towards 1880 slide from

same location as photo 13. Again note
older riprap, which is overgrown with
local vegetation, and has launched some
distance into the river.





