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SUMMARY

The intention of the present study was to consider in greater detail
thogse factors which affect the overall stability of the Maple Ridge es-
carpment. The major influence on the present stability is that of ground
water or plezometric levels in tnatural strata and scour of the Fraser
River at the slope toe. The study was to consider only deep—geated major
failures such as those which have previously occurred at Haney in 19807,
at Fir Street, and two slides located on the Maple Ridge golf course,
the larger of which is referred to as the éort Hammond slide. These
larger slides are all of a similar nature, except that two have retro-
gressed during failure to involve larger, secondary land masses. The two
slides which retrogressed are the Haney and Port Hammond slides. The Fir
Street slide and the minor slide at the golf course did not retrogress.

They are, however, similar to the larger slides which have been of con-

cern in the present study.

Local shallow slides occurring on the face of the escarpuwent are
not of potential danger to the developed municipality area and have not

been considered in our study.

Present Stability

The present study was primarily centred in the more critical area
defined by previous studies. The results of the present study show that
differential piezometric levels occur within the natural stratified
soils forming the escarpment area. The results of the study also shew
that the deeper granular strata have lower plezometric levels than were
anticipated from the earlier study. Further, the upper granular strata
have considerably higher water levels which are also subject to consi-

derable wvariation during periods of precipitation.

The stability of major land masses, such as the former failure areas
would be affected by both the upper and lower piezometric levels. The
actual levels during failure can only be assumed, but based on assump-~
tions which can be reasonably predicted, the stability of the areas can

be shown to approach umnity.
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The stability of the more critical area between Section 11 and 16 is

considered to be marginal if adverse ground water levels are assumed.

Remedial Treatment

The stability of the existing slopes can be improved by lowering the
piezometric pressures in the upper or lower levels. As the fluctuations
in the upper strata are greater, and the drainage methods available to
lower these levels are more economic, it is considered that this is the
most practical method of initially dealing with the problem. We recom-
mend that water levels in the surficial strata be controlled by instal-
lation of a shallow interceptor drain parallel to and within 30 m of the

crest of the slopes. The provision of the interceptor drainage will im-

prove the stability of the major land masses to a low but adequate value

This proposed improvement will remain adequate unless considerable
plezometric increases in the lower granular strata are encountered in
future years. Such increases are not anticipated; however, continued
periodic monitoring is recommended to assure these assumptions are cor-

rect and to provide a greater data base than is available to date.

If excessive increases in the deep piezometric levels are noted dur-
ing the continued monitoring program, then future deep drainage measures
would be required. We do not recommend that this additional deep treat-—

ment be installed at this time, and believe that it will not be required

in the future.

River Erosion

The effects of river erosion on stability of the major land masses
is secondary unless allowed to continue until the overall slopes are

eritically undercut.

We recommend that river erosion protection be provided in the most

ceritical slope area which also corresponds to the area of observed scour.

Goilder Associates
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We believe that this protection 1s required as the actual stability of
the adjacent slopes is marginal under adverse ground water conditions,

and provision of the remedial drainage will nmot increase the factor of

safety by a high percentage.

We recommend that continued monitoring be carried out over an ex-

tended period to fully appreciate the rate of scour or lack of it.

In conclusion, we believe that the results of the present study have
shown that the overall mass stability is slightly better than initially
agssumed from our earlier study. We recommend a staged remedial treatment
and monitoring program. The initial work would involve shallow drainage
along the total escarpment length and river erosion protection in the
most critical area defined. These works would involve estimated expendi-
tures of $1.2 million and $0.9 million, respectively. Additional works
which would provide an additional degree of safety are not presently re-
commended based on analyses of present data. These would only be consi-

dered if future monitoring results indicated a need.

Benefits of Proposed Remedial Action

To improve the stability of the escarment with respect to large mass
failures, we recommend the remedial works as discussed. These remedial
measures are intended to provide sufficient security to permit continued
development of the area. The proposed works, if totally effective, would
also be of considerable benefit to reducing local shallow slope surface
failures. The erosion protection will also minimize water front slope

failures and loss of railroad grade in the most critical area.

Goider Associates
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1.0 INTRODUCTION

This report deals with the slope stability of the Maple Ridge es-

carpment adjacent to the Fraser River.

Golder Associates have been retained to carry out a ground water
monitoring study in the area adjacent to the Fraser River between Haney
and Port Hammond in the District of Maple Ridge, B.C. (see Figure'l).
The results of a previous study on the stability of the slopes in this
area are presented in our report 782-1179, dated August, 1979.

The previous report identified areas where calculated safety factors
were low. The ground water pressures were considered to be crueial to
the stability of the slopes. The purpose of the present work was to in-
stall instrumentation and monitor the ground water levels in the area. A
pump test was carried out to obtain data required for assessment of pos—
sible schemes to control ground water pressures in critical slope areas.
Northwest Hydraulic Consultants reviewed river bank erosion and have

outlined possible erosion contrel measures.

The site and soil conditions in the study area are outlined in the

previous 1979 report, and will not be discussed in detail in this re-

port.

This report summarizes remedial work recommended to control ground

water levels and to minimize river erosion. Future monitoring require-

ments are defined.

The factual data on the installation and monitoring of the piezo-

meters and the pump test are presented in the attached appendices.

2.0 DISCUSSION
2.1 Subsurface Stratigraphy and Ground Water Regime

The subsurface stratigraphy, as determined during the previous study
in 1979, consists of interlayered silty clay and sand, with varying

Golder Associates
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amounts of silt. These strata are of glacio—marine origin, and the
thickness of these layers is variable, as confirmed during the recent

installation of piezometers.

An assessment of the ground water regime has been made following
examination of ground water levels recorded in the various stratigraphic

zones and cbservatlons made of the site respect to seepage, topography

and rainfall.

Examination of ground water levels indicates a decrease in hydrau-
lic head with depth, typical of a ground water recharge zone with ground
water flowing with a downward vertical component through the soil pro-~
file. Recharge to the local shallow ground water system is via infiltra-
tion of precipitation. Piezometers installed in the near surface silty
sands show a rapid hydraulic response to precipitation events indicating
periods of ground water recharge. The recharge of ground water due to
local infiltration is most pronounced in the upper 10 m below ground
surface. Ground water within the silty sand will tend to flow either
horizontally toward the slope face, where it appears as seepage dis-
charge, or seep through the underlying less permeable silty strata. The
deeper plezometers, and those completed in the siltier strata, do not
show a rapid fluctuation in water level, indicating that they probably
receive slow recharge via seepage from the upper strata. The deeper
strata are likely to receive recharge through flow from the regional
area to the north. These are represented by granular strata generally

below about 30 m depth.

2.2 Piezometric Levels and Previous Slides

Back-analysis of the previous slides in the area has resulted in the
conculsion that very high ground water pressures would be required to

cause slope failure if peak shear strengths are assumed. The presently
established ground water profiles would require failure to occur at

lower back—analysis strength parameters.

Golder Associates
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It is possible that very high ground water levels did exist in the
slide areas at the time of failure. This could occur if soil conditions
adjacent to the slide areas were such that rapid recharge of the soil
strata occurred during periods of high precipitation. There is some evi-
dence to suggest that more granular soils exist in the areas adjacent to
the previous major slides. The surficial geology {Geological Survey of
Canada, Map No. 1484A) indicates raised pro-—glacial gravel and sand de-
posits up to 40 m thick exist to the north of the glacio-marine deposits
in the slope area. The sand and gravel deposit is believed to extend all
the way to the Fraser River in the area immediately to the west of the
Port Hammond slides, and also to the backscarp of the 1880 Haney slide.
Borehole 105 (Golder Report 782-~1179) is located close to and east of
the Major Port Hammond slide and indicates that the soil consists almost
entirely of sand or silty sand to a depth of about 25 m. S$imilarly,
coarse gravel was encountered in test pits put down near the golf cludb
house. However, Borehole 106, located at the backscarp of the Minor Port
Hammond slide, shows that clay strata are predominant. Available data
from studies carried out for the recently constructed Haney By—-pass in-—
dicates an 8 m thick sand and gravel layer, between approximate eleva-
tions 12 m and 20 m, exists to the northeast of the 1880 Haney slide,

and that a surficial layer of silty sand and gravel at least 4 m thick

underlies the existing ground surface within the actual slide area.

Higher water pressures could also be caused by blockage of drainage

from the sandy layers by surficial slides or by freezing on the slope

surface.

The former slides could have occurred with lower water pressures if
pre—existing shear planes were present and if residual shear strengths
only could be mobilized. It has been postulated that pre-existing shear
planes may have been generated due to straining when ice masses which
existed adjacent to the slopes in this area melted. There is some evi-
dence on airphotographs to support the presence of such shear planes in
the major slide areas. There is presently no evidence to support the
presence of pre-existing shear planes in the area between the major
slides, but it is nevertheless a posibility. Such planes would be ex-
tremely difficult to dtect, even with continuous soil sapming or probing.

Golder Associates
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2.3 Effect of Piezometric Levels on Slope Stability

The following discussion concerns deep seated failures with a back-
scarp some 40 to 50 w from the slope crest. It does not apply to shallow
gsurficial failures such as occur regularly above the C.P. Rail bench.

The results of stability analyses carried out for typical slope
sections are presented in our previous report 782-1179, dated August
1979. At that time, sections 12 to 15 (see Figure 2) were identified as
having the lowest safety factors with respect to deep seated failures.
Based on the available data in 1979, it was assumed that the phreatic
surface was located about 10 m below the surface at the potential slide
backscarp and that it followed along the slope face to the C.P. Rail
bench. The water pressures below the phreatic surface were assumed to
increase hydrostatically with depth. Assuming peak shear strengths with
these ground water couditions, the factor of safety for section 12 was
calculated to be in the range of 1.05 to 1.10. These results indicated
that the assumed peak shear strength parameters were the minimum that
existed, since lower shear strengths with the assumed 1979 water pres-—
sures would have yielded the impossible result of a safety factor less
than unity for an existing slope. It was determined that higher or lower

water pressures could have a significant effect on the slope stability.

The recently installed piezometers indicate that the piezometric
pressures In the upper egcarpment area near the river do not increase
hydrostatically with depth, and that they are significantly lower than
was assumed to exist in 1979. Assuming peak shear strengths apply, the
calculated safety factors under the apparent existing ground water con-
ditions would be higher than those discussed above. The percentage
increase, considering the lower piezometric profiles and the peak shear

strengths, would be about 10 to 20 per cent higher.

If pre-existing shear planes exist along part of the potential slip
surfaces and are considered in conjunction with the recent 1983 ground
water data, calculated safety factors would be lower and similar to

those calculated using peak shear strengths and the very high ground

water conditions.

Golder Associates
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Limited data is available to allow prediction of expected fluctua-
tions in the .piezometric pressures. Piezometric pressure head fluctua-
tions of up to 1.4 m have been observed in the recently installed upper
plezometers located within about 10 m of ground surface, but only minor
fluctuations have been observed in the deeper piezometers. It is likely
that ground water fluctuations within the general site area will be
highly dependent upon the proximity of any major granular deposits to
the layered soils which exist in the slope area.

We have carried out a sensitivity analysis to examine the effect of
possible ground water fluctuations on the stability of the slope at
cross—section 12 (see Figure 2). In these analyses, we have assumed peak
shear strengths, and have assumed that only modest increases (up to 5 m)
above the present piezometric levels would occur in the deeper strata.
Three alternative ground water conditions were assumed for the upper

strata within 25 m of the ground surface as follows:

(1) Piezometric levels in the upper strata at existing ground sur-
face.

(2) Piezometric levels in the upper strata 5 m below existing
ground surface.

(3) Piezometric levels in the upper strata at existing levels,
about 9 m below existing ground surface.

Case (1) represents the worst anticipated ground water conditions
without any control of surficial drainage, and the calculated safety
factor, which is marginally below unity, indicates that slope failure
would occur. Case (3) represents the case where ground water levels in
the upper strata are controlled at their present levels, possibly using
a well dewatering system. The calculated safety factor for Case (3) 1is
acceptable under static conditioms (Fg = 1.2), but would become marginal
under design earthquake loading. Case (2) represents an intermediate
condition where piezometric levels in the upper strata are prevented
from rising to within 5 m of ground surface. Under these conditions,
the calculated static safety factor is acceptable (Fg = 1.2) with exist-
ing piezometric pressures at depth, but becomes marginal if the deeper

piezometric levels increase by 5 m.

Golder Associates
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It is apparent that groudd water conditions have a major influence
~on the stability of the slopes. 1f piezometric levels in the deeper
strata do not increase significantly above their present levels, a shal-
low ground water control system would be adequate to control the stabi-
lity of the slopes. However, if a deep aquifer water level increase of
greater than 5 m were shown to be possible, the stability would be re-
duced to levels of concern. A deeper dewatering system would then be
required to control water pressures at or below their present levels. A
deep dewatering system is not justified based on available data provided
the upper water levels are controlled, and provided monitoring shows

only moderate deep pressure changes.

Water pressures would be expected to increase if drainage is imped-
ed by freezing or slides on the slope faces, as well as in response to
precipitation. Of these factors, precipitation and freezing are comnsi-
dered to be most important since the occasional surficial slides, which
originate above the CP Rail bench, are of limited dimensions and would
not be expected to significantly affect the overall ground water levels

in the slope area.

2.4 Effects of River Bank Erosion on Slope Stability

Northwest Hydraulic Consultants Ltd. have carried out an assessment
of river bank erosion and their report is presented in Appendix A. Addi-

tional comments are included in their report of March, 197% (see Appen-—

diz IV, Report 782-1179).

Frosion of the river bank will reduce the overall stability of the
slopes. The significance of this factor depends on the magnitude and
rate of erosion. The 1978 and 1981 river survey data indicates overall
erosion of the river bank which would significantly affect the stability
of the slopes has not occurred during that period, although some local
pockets of erosion were noted just downstream of the 1880 Hamey slide.
As discussed in NHC's report, peak flows were low between 1978 and 1961,
and also rip-rap placed by C.P. Rail may have prevented or reduced ero-

sion in some areas.

Golder Associates
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Major, and expensive, bank protection measures would be required to
ensure erosion of the river bank does not occur, particularly during
periods of high peak flow. The risk of significant ercsion under such
conditions is difficult to assess. However, it is the opinion of NHC
that significant erosion could occur in the area between cross—gsections

5 and 19 during a major Fraser River flood.

Peak ground water levels are not generally associlated with peak
river flows, and this somewhat lowers the risk of an immediate slope

failure should ercosion occur during high river flows.

It is our opinion that ground water control is more critical to the
stability of the slopes at present than control of river bank erosion.
Furthermore, the risk of slides occurring, even with significant ero-

sion, could be reduced if a dewatering system is in operation.

As the stability of the more critical area between Sectioms 11 and
16 is considered to be marginal with adverse ground water levels, pre-
sently, and would be increased to low acceptable values by ground water

control measures, it is considered advisable to also control erosion in

this area.

2.5 Remedial Treatment Alternatives

Under the present ground water conditions, the slopes in the criti-
cal Zone A (Sectionm 1l to 16) are considered to have an adequate factor

of safety against major, deep-seated rotational failure.

Significant fluctuations of the ground water levels in the upper
surficlal strata are anticipated. Fluctuations in the lower confined
strata are expected to be less, but may vary locally depending on the
proximity of granular deposits to the north of the slopes. Our analyses
indicate that possible ground water fluctuations ia the surficial strata
could reduce the safety factors below acceptable levels, particularly
during seismic loading. The stability of the existing slopes could be
maintained at an acceptable level by ground water control and by preven-

ting erosion of the river bank.

Golder Associates
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fits:

The following is a summary of alternative measures and their bene-

(D

(2)

(3)

(4)

Interceptor Drain Only

Control of anticipated ground water fluctuations in surfi-

cial strata.

Lower risk of shallow slides during periods of heavy pre~
cipitation.

Effective in reducing the risk of deeper slides and retro-
gression. However, if lower level ground water levels rise
independently, the effectiveness of a drain may not be

adequate.

Interceptor Drain plus River Erosion Protection

as for (1).
Prevent the loss of toe support, and therefore creation of

future stability problems due to river scour.

Interceptor Drain plus Deep Dewatering System

Control anticipated ground water fluctuations in shallow
and deep strata to 30 m depth.

Lower risk of slides during heavy precipitation or due to
regional ground water infiltration.

Significant improvement in overall stability relative to
shallow and deep-seated slides regardless of future ground

water levels.
Lower risk of retrogression of frontal slides.

Interceptor Drain plus Deep Dewatering System plus River Ero-
sion Protection

as for (3). .
Prevent the loss of toe support, and therefore creation of

future stability problems due to river scour.

3.0 RECOMMENDATIONS

The following remedial measures are intended to provide sufficient

security to permit continued development of the area. It is assumed that

monitoring will continue, and additional stability Iimprovement nmeasures

will be undertaken if required im the future.

Since the risk of slope failures which would extend back about 40 m

from the crest of the slopes appears to be low at present, we suggest

that the main thrust of remedial measures inltially be in Improving sur-

ficial drainage.

Golder Associates
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If deep dewatering is considered necessary based on future monitor-
ing, we recommend that this be achfeved using wells as discussed below.
Consideration was given initially to controlling ground water pressures
using inclined drains driven from the toe of the slope at the C.P. Rail
bench. Such & system may be effective in stabilizing shallow surficilal
slides, but would be less effective in draining deeper strata at the po-
tential deep failure surface location. For this reason, inclined drains

were not considered as viable as pumped wells for improvement of stabi-

lity with respect to deep-seated failures.

3.1 Improvement of Surficial Drainage

Significant ground water level fluctuations have been observed in
the upper strata since monitoring of the new piezometers commenced in

December, 1982. As expected, the ground water levels In these upper

strata appear to respond quickly to precipitation.

Improvement of surficial drainage is considered to be an essential
first step in improving the stability of the slopes with respect to both
shallow surficial slides, and deeper rotational failures. The improve-
ment is expected to be greater for shallow slides, but such a system may
also be adequate for the control of deeper slides. To this end, the
District of Maple Ridge should be encouraged to develop a storm drainage
plan which would minimize infiltratiom of water into the ground. This
should include all septic discharge, storm drainage and runoff from ad-

jacent upland areas to the north.

In addition to general storm drainage improvement, we recommend that
consideration be given to installation of an iInterceptor drain parallel

to and within 30 m of the slope crest.

A preliminary interceptor drain design is presented on Figure 5. The
drain could be installed in stages, but should eventually extend along
the entire length between the 1880 Haney slide and Port Hammond, about
1800 m. If a staged installation is considered, we recommend that the

initial section be installed between sections 11 and 18, about 850 m,

see Figure 2.

Golder Associates
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The drain could consist of a perforated pipe located as deep as is
practical below ground surface (5 to 6 m). The pipe should be surrounded

by coarse sand and gravel or draim rock, protected with filter cloth if

required.

The pipe size should be determined based on estimated seepage flows
with maximum anticipated ground water levels, as well as hydraulic con-
siderations. The design should be such that transfer of water along the
drain from one zone to another is minimized. Unless the perforated pipe
can be bedded within a clayey layer, it may be necessary to use pipe
which is perforated on the top only and/or to have frequent discharge
points into a closed storm sewer. We recommend such a storm sewer be
designed to accommodate discharge from a possible deep well dewatering

system in the future.

For preliminary costing of an interceptor drain, we have assumed
that a 300 mm diameter closed pipe with a 150 mm perforated collector
pipe would be installed at an average depth of 5 m. The estimated cost

of supplying and installing such a drain is summarized below:

ESTIMATED

COST/METRE
LENGTH
Trench Excavation and Backfilling § 415

Supply and Installation of 300 mm Concrete Storm

Sewer, 150 mm Perforated Pipe and Filter Cloth 175
Englneering 60
TOTAL ESTIMATED COST/METRE LENGTH $ 650

The total estimated cost of installing an interceptor drain between
the 1880 Haney slide and Port Hammond is $1.2 milliom. An interceptor
drain could be installed in the critical area initially for about half

the total cost.
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We recommend that detailed testing be carried out prior to final
design to define the soil stratigraphy along the proposed drain align-
ment. The investigation program should include an assessment of soil
permeability and existing water levels for use in design of the drain.
Recommendations on installation of the drain should also be included. 1t
would be useful to install some additional piezometers Iin areas remote

from the proposed drain for use as control in monitoring the effective-

negs of the drain.

3.2 Future Ground Water Contrel Using Wells

Deep wells are discussed herein and would improve stability. We do
not recommend that such installation proceed at this time, as the need

for full slope dewatering has not been confirmed.

The calculated static safety factor, with respect to deep-seated
failure, is acceptable with the range of ground water conditions experi-
enced during monitoring. The proposed interceptor drain and general
storm drainage improvement will help control anticipated ground water
fluctuations in the surficial silty sand stratum. Should future monitor—
ing indicate that a deeper dewatering system 1s required, we recommend
that such a system be designed to lower water levels at least 5 m below
the existing levels. This will increase the calculated static safety
factor and provide an additional safety margin during seismic loading. A

discussion of design concepts for a deep dewatering system is given in

Appendix C.

3.3 River Bank Erosion Control

Northwest Hydraulic Consultants have concluded that significant ero-
sion could occur during a major flood in the area between sections 5 and
19. The area identified as being critical with respect to slope stabll-
ity in our previous study (Zone A, report 782-1179) extends from about
Sections 11 to 16, a length of about 4530 m. We therefore recommend that

Golder Associates
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consideration be given to placing erosion protection in this eritical
area at an estimated cost of $0.9 million. This would alleviate the
necessity for C.P. Rail to continue placing rip-rap in this zone. The
requirement for erosion protection in other areas should be assessed in
the future based on the results of the recommended continued monitering
program. A conceptual design for erosion protection of the river bank

is presented in the NHC report (Appendix C).

The cost of carrying out all of the remedial measures required to
reduce the risk of slope failure under anticipated future conditions may
be prohibitively high. If limited funds are available, we recommend that
priority be given to control of ground water pressures initially. While
erosion protection, in conjunction with ground water control, is comnsi-
dered necessary for comprehensive control of frontal slope failures and
will likely be required in the long term, it is our opinion that eroslon
protection will not by itself prevent slides occurring; nor will it

offer any protection against retrogression of frontal slides.

4.0 MONITORING

The ground water pressures and slope geometry are critical to the
stability of the slopes. We recommend that monitoring of the piezome-

ters and surveying of the river bed be carried out at regular intervals

in the future.

Provision should be made for regular review of piezometer and river
survey data so that the stability of the slopes can be assessed and re-
medial measures undertaken, if required. It is suggested that such
review be undertaken in June/July, immediately after the Fraser River

freshet, and also in January/February when the highest water levels are

expacted.

4.1 Piezometric Levels

The piezometers should be monitored at regular intervals throughout

the year. Since we are more concerned about the maximum piezometric
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levels, we suggest that readings be taken twice monthly during January
and February. Readings could be taken less frequently at other times
during the year, say once every 1 to 2 months. It would also be useful
if the piezometers were monitored shortly after any extended periods of

high precipitation, particularly if this occurs during the winter months

Due to the layered stratigraphy and the combined effects of surfi-
cial and deeper water pressures, it is not possible to define a single
eritical water level which could be used as a warning agalinst sleope
failure. We can, however, make the following general comments regarding
interpretation of piezometric levels with respect to deep-seated slides.

(1) The slopes are considered to have an adequate safety factor

with respect to deep-seated failure under the present ground

water conditions. Water level inereases of about 2 m above
January 1983 levels are not considered to be critical.

(2) The stability of the slopes would be marginal if water levels
in the upper 25 m rose close to ground surface, while those at
depth rose higher than about 5 m above their present levels.

(3) The slopes would be unstable if overall ground water levels
were at or close to ground surface.

In view of the complexity of the problem, it is suggested that pro~-
vision be made for immediate review of the stability by a geotechnical
engineer if water levels in any of the plezometers show significant in~
creases (several metres) above present levels, particularly where a con~

tinuing upward trend has been observed. The concern would be greatest

where the intermediate and deep plezometers are involved.

4.2 River Bank Erosion

As recommended in Section 8.0 of Northwest Hydraulic Consultants
Ltd.'s report, the river bank cross-sections should be re-surveyed dur-
ing the next peak flows. Surveys should be carried out in the future at
regular intervals (every 2 to 3 years) unless bank protection measures

are undertaken. Additional surveys should be carried out immediately

after any significant Fraser River flood.

Golder Associates
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We trust this report provides the information you require at pre-
sent. If you have any questions concerning the above, please do not

hesitate to contact us.

Yours very truly,
GOLDER ASSOCIATES
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1.6 INTRODUCTION

Golder Associates have been retained by the B.C. Ministry of
the Environment to undertake a slope stabilization study of the
north bank of the Fraser River at Haney. Northwest Hydraulic
Consultants (NHC) were retained by Golder to investigate the
river/hydraulic aspects of this study. The terms of reference
for NHC's work are described in our letter of 25 January 1982

to Golder. Briefly, the scope ©of this work has included:

- comparison of 1978 and 1981 cross section surveys

- site visit during low water

- review of C.P., Rail's recent maintenance work

- summary of observations and conclusions: 1977-83

- review of alternative methods to stabilize the river
bank

- conceptual design and rough cost estimate for bank
protecticn at the site

- recommendations for further work

This investigation concentrated on a 3000 metre river reach
downstream of the upstream erid of the 1880 slide (about Z24th

street).
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2.0 CROSS SECTICON SURVEYS: 1978 and 1981

The B.C. Ministry of Environment, Water Management Branch (The
Ministry), has surveyed 29 river cross sections in thh i%78
and 1981. Their locations are shown on Ministry Drawing Nos.
A5323-1 & 2. A porticn of these are reproduced on the attached
Figure 1. The 1978 survey was done during April when the mean
monthly discharge was 2350 m3/s at Mission; by contrast, the
1981 survey was done during the period 6-30 July when the
estimated discharge at Mission ranged from 5800 to 4800

m3/s.* The cross sections were taken at identical locations

in both yvears and plotted by the Ministry to similar scales,
being 1:200 undistorted for all partial cross sections (i.e.
those taken basically in the north portion of the channel) and
1:1000 horizontal and 1:500 vertical for complete cross
sections. The Ministry's presentation of these plots was most
convenient and allowed comparisons to be readily made., 1In
addition to the plots the Ministry also provided, for each full
cross section, comparable hydraulic elements including fliow
area, wetted perimeter, hydraulic radius and (for all cross

sectionsg) thalweg or minimum river bed level.

NHC has reviewed and compared these two surveys on a section by
section basis. Based on this review, the following general

conclusions were reached:

* As reported by Water Survey of Canada, Station No. 08MHOZ24
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(1) The surveys were taken at substantially different
river discharges, with the 1981 flow being about twice
the 1978 flow. Generally speaking, the higher the
flow, the more tendency there is to transport of bed
material load. Accordingly, the river bed and lower
banks during the 1981 survey were likely guite active
compared to that in the 1978 survey. Since material
removed from the upper bank during a flocod would not
likely be replaced at lowei flows, comparisons of
upper bank movement can be directly made between the
two surveys. However, comparisons of the lower bank
and bed must be made with caution, since regions that
might be scouring in higher flow might also fill in

once the flow recedes.

(2) For the relatively small Fraser floods of 1978 through
1981, riprap placed by C.P. Rail seems to have
prevented bank erosion in those areas. However, the
1981 survey does show a few local pockets of
considerable erosion (up to 10 metres horizontal
movement) at the toe area of the north river bank -
near the channel thalweg between Ministry cross
sections 8 and 14. Figure 1 summarizes the
approximate location of both noted erosion and
deposition. This latter term refers to both riprap
additions by C.P. Rail and to natural siltation.
Erosion as noted, if left unchecked, would lead to

future riprap siumping and thus more bank erosion.
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(3) Based on observed cross sections, riprap appears to
have been placed all the way down to the thalweg in
some locations. At these places, the riprap has to

date successfully arrested erosion.

{(4) Although cross section nos. 6 and 7 were not taken in
1981 at the 1880 slide toe, sections immediately
upstream and downstream showed evidence of continuing

erosion on the underwater slopes.
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3.0 SITE INSPECTION

The site was inspected on 16 March 1983 by M.H. Okun, P.Eng.
Since the study period did not coincide with the Fraser peak
flood period, it was not possible to inspect the site during

the 1982 flood.

Generally speaking, it was observed that between the March 1883
inspection and previous inspections of 13 January 1879 and 29
November 1977, there was little evidence of significant erosion
above the water line in the study reach. Selected site
specific examples of the comparative observations are provided

in the attached photos 1 through 10.

Other observations were as follows:

- the extent of both log booms and corresponding
dolphins was similar to that on previous visits

- although there was some evidence of occasional
glumping of older (pre 1978) riprap near the winter
watet line, aimost all of the visible riprap placed
within the last 5-6 years had not been noticeably
disturbed (see for example photos 7 and 8)

- downstream of about cross section 20, there is &

gently sloping, natural beach area located at the toe
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of the relatively steeper slope between the beach and
the railway grade; some minor erosion and/or slumping
of bank material was evident at the toe of this

L
steeper slope (Photos 11-13).

- while the quality of the rock used in C.P. Rail's
riprap is excellent, the gradation of the placed rock
is inconsistent. There are alternate areas or pockets
of either consistently large or consistently small
rock, as seen in Photos 7 or 8.

- since the 1979 visit, there was no visible evidence of
noticeable amounts of new rock placed in the study

reach; however, C.P. Rail does report some small

riprap placement in two small areas {see next gection).
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4.0 C.P. RAIL MAINTENANCE

C.P. Rail has reported to NHC the following placement of riprap

within the study area:

Year C.P. Apprex (Cross Volume of Rocgk Comments
Milepost Section Locations Placed (cu. vds)
1978 103.8 Cs 15 13,006 8,000 ya3
below low water
5,000 yd3
above low water
1978 103.9 CsS 16-17 2,000
1978 1g4.1 Cs 19 2,200
1380 103.6 cs 12 1,508
1980 104.5 CS 25-28 600

The in-place cost for 1978 rock was approximately $12.50/yd3;
in 1980, the approximate cost was $17.00/yd3. 1978 riprap

was placed by Fraser River Pile from a barge using rock
gquarried from Dillingham's Pitt River gquarry. Nothing has been

placed since 1980.

C.P. Rail does not keep detailed records of riprap placement
and condition. Generally, they protect theif railroad from
severe river erosion by (a) spending money according to local
budget and other priorities, and (b) placing riprap after they

Observe problems.
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5.0

SUMMARY OF OBSERVATIONS AND CONCLUSIONS: 1877-83

The general river regime, evidence of historical erosion,

causes of erosion, and previous C.P. Rail maintenance have all

been discussed in two previous NHC reports.® For the reach of

river between Ministry cross section 5 and 29, the following

summarizes both previous and current observations and

conclusions:

(1)

It is typical that the outside bank of a bend in a
river - such as the reach in question - is subject to
continuous erosive forces. The success of these
forces in eroding bank material is stronger during
peak flows, and is affected by natural bank material,
flow obstructions, degree of curvature and man-made
material (e.g, riprap, plles, efc).

The surveyved cross sections in this area are generally
triangular with the thalweg located close to the
cutside {(north) bank; this is consistent with what is
normally found in such eroding bends, and verifies the
natural tendency for erosion of the north bank at
Haney. Other than riprap, there 1s no evidence in the
surveyed cross sections to suggest the presence of any
natural bank material that might arrest the natural

erosion forces.

*{1)

(2)

"Haney by-Pass, Fraser River Regime Study", letter from
NEC to Golder Asscociates, 15 December 1977

"Fraser River-Haney to Port Hammond, Bank Erosion", letter
from NHC to Geolder Associatesgs, 23 March 1979
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{3)

Based on the curvature and plan form of the bend, it
is expected that the reach with the highest erosion
potential is between cross sections 5 and 19; between
the 1978 and 1981 surveys, erosion was observed
between Ministry cross sections 6 and 15. There is no
reason to expect a decrease in either the potential or
observed erosion in the foreseeable future.

Above the winter water line, the bank has remained
relatively stable for over 50 years; this is most

likely due to the presence of riprap and timber

‘piles. Below the winter water line, some areas are

showing evidence of erosion -~ especially between the
1880 slide (Ministry cross sections 5=8) and cross
section no. 14. Underwater areas that did not show
surveved erosion are most likely benefitiing from the
presence of riprap.

The placement of riprap has reduced the natural
erosion that would ctherwise have taken place. The
fact that C.P. Rail has continued to place riprap for
many vears is evidence of the erosion potential of

this bank.

For protection of the railway, C.P. Rail's maintenance program

has proved adequate. However, if the integrity of the entire

right bank (from high water to the thalweg) is critical to

slope stability above the bank, an improved protection program
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is required. In other words, if continued erosion of the right
bank - and especially the toe -~ could trigger another "1880
slide", improved protection is required. The significance of
erosion and of protecting against erosion must be determined by
assessing all factors related to stability of the slope in

guestion.

Since improved protection, if impiemented} will be costly, it
is relevant to try and assess from a river viewpoint the
urgency of requiring such protection. Basically, the removal
of river bank material can be expected Lo occur sometime during
the spring/summer high flow period. Due to low flows between
1978 and 1981, not much erosion occurred. However, during a
single large flood (say 25 year return period or more), it is
judged that without protection up to 15-20 metres of bank
material could be removed, most likely on the lower portion of

the bank, and most likely between Ministry c¢ross sections 5 and

19.
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6.0 BANK PROTECTION ALTERNATIVES

6.1 General

If bank protection is reguired, the slope length of bank to be
protected generally extends from just below railroad grade to
the channel thalweg, a distance of 60-70 metres. Over 3/4 of
this length is in flowing water. This is a relatively large
area of bank for each lineal metre; accordingly both the
technically and economically feasible alternatives for bank

protecticn are quite restricted.

Basically, there are three concepts that could theoretically be

applied to arrest potential north bank erosion. These are:

(1) Continuous bank protection: such as riprap. This

would cover the entire slope length of bank. If
properly constzuctéd, it would be effective. It would
most likely, however, require placement of a filter to

prevent leaching of the bank fines.

(2) Intermittant Protection -~ Groynes: such as regularly

spaced rock or timber structures tied into the bank
and projecting into the flow. These could also be

effective but would not only likely have a negative
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impact on the log booming industry, but would
essentially reduce the channel flow width, thus
increasing velocities and transferring the erosion

potential downstream or to the opposite bank,

(3) Training Walls: such as closely-spaced timber or

other piles driven in a smooth line roughly
paralleling the bank at a point about 1/4 of the slope
distance north of the thalweg. This option has the

same problems as the groyne concept.
Becausge of the likelihocod of transferring the problem
elsewhere, the scope of this investigation concentrated on the

continuous bank protection alternative.

6.2 Continuous Bank Protection

Considering that much of the construction would have to be done
in relatively deep, flowing water, the only alternatives
considered were those that have a proven track record under

these conditions. These include riprap and articulated blocks.

Articulated blocks consist of small prefabricated concrete
blocks that are threaded together with steel cables or rods to
form a flexible mat. They can be "rolled” from a barge onto

the channel slope in moving water. However, they reqguire a
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well prepared smooth bank and the use of either a filter fabric
or suitable gravel filter to prevent fine bank material from

leaching out.

This approach has so far only been economically competitive
with riprap in situations where many kilometres of protection
are needed - such as on the Mississippi River in the U.S.A. In
1983 dollars the cost of installing articulated blocks at the
Haney site would be many times that of riprap. Additionally,
due to the proximity of the railrocad, there would be a |

construction access problem for bank preparation.

Riprap at this site has proven to be an effective technique in
protecting the railway embankment. With improved design and
construction, and with planned maintenance, it could be used

effectively to prevent further erosion of the north bank.
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7.0 RECOMMENDED PLAN

7.1 Conceptual Design

If it is required, NHC's recommended protection involves the
placement of a Class I1 riprap over & filter* - both placed on
the reworked (for smoothness) natural slope below water and on
a prepared 2:1 slope above water. Class 1I riprap is described
as follows:
Nominal 20 inch (50 centimetre) diameter or 400 1lb (180 kg)
weight; local maximum velocity up to 13 ft/second (4
metres/second) Grading Specification.

100% smaller than 30 inches (75 cm) or 1500 1b (680 kg)
at least 20% larger than.24 inches (60 cm) or 700 1b {320 kaqg)
at least 50% larger than 20 inches (50 cm) or 400 1b {180 kg)
at least 80% larger than 12 inches (30 cm) or 70 1b { 32 kag)

Figure 2 illustrates a typical cross section through the
recommended protection, using the Ministry's cross section no.

19 as an exanmple.

The Class II rock is available by barge or truck_at a nearby
quarry next to Pitt River. The installed cost of riprap is
estimated to be $20 per cubic vard ($10 per metric ton).
Allowing for a minimum riprap thickness of 2.5 feet (6.75

metre) and a 50% increase in required volume (due to possible

* Both the need for and design of a filter would have to be
determined at the detailed design stage; for budgeting
purposes, it has been assumed herein that a filter would be
needed. :
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loss of material) for placement in flowing water, the typical
volume of rock regquired 1s 26.5 yd3/foot or 67 m3/metre.
Therefore the unit cost of riprap for a section as shown on
Figure 2 is roughly $530 per lineal foot ($1740 per lineal

metre}.

For preliminary budgeting purposes, we have assumed the use of
a filter fabric to protect against leaching of bank fines
through the riprap. This fabric would be hand placed above
water and likely rolled from a barge for underwater placement.
Its cost is egtimated at $1.75 per square metre delivered at
site; the cost of placing the material must be added to this
(local experience figures were not found). For a typical
section, such as shown on Figure 2, the delivered cost amounts
to about $115 per lineal metre ($35 per lineal foot) plus

placement.

Thus the total estimated cost per lineal foot for both riprap
and filter is about $600 per lineal foot or say $2,000 per
lineal metre; this estimate has allowed for an assumed doubling

of the filter fabric cost to cover installation.
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7.2 Existing Riprap

C.P. Rail already has some riprap placed in this region, and it
is expected they would place more rock in the future. However,
as previously noted, the placement of this rock is not
satisfactory, and there is no evidence of an underlying

filter. PFurthermore, the extent and nature of the existing

riprap is unclear.

Before proceeding with detailed design of bank protection, it
is recommended that the Ministry establish by survey the extent
and condition of existing protection, and that they discuss
with C.P. Rail whatf their future maintenance plans might be.
Any bank protection work done by the Ministry will provide

future protection for C.P. Rail.

7.3 Maintenance

Any bank protection will deteriorate with time. Also, it is
always difficult to know exactly what the as-built protection
looks like in the deeper, flowing water. Therefore, riprap
should be inspected annually to look for slumping or any other
changes. Additionally, after each significant Fraser flcod
{say greater than a 10 year event), the river should be sounded

and compared to as-built or existing conditions,
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8.0 FURTHER WORK

There currently are enough hydraulic data to conservatively
desiagn the recommended protection works. However, to allow a
more optimal sizing of riprap, it would be useful to have a
velocity distribution at 2 or 3 cross sections (this was
recommended in our 1979 report) during the peak flow pericd,.

Also, some construction savings could be achieved by:

- ascertaining the grain size distribution of material
on the bank and beneath the water level - especially
at lower levels: this would be required to properly
assess the need for a filter, and to prepare & filter
design.

- reviewing plans for future log booming in the area;
the presence of booms and dolphins will hamper

construction of the bank protection.

With regard to monitoring of bank erosion it has been pointed
out that the two available cross section surveys were taken at
substantially different river flows. The sections should be
re-surveyed during the peak flow period of 1983. Velocities
should also be measured at that time. This re-survey could be
restricted to cross sections 5 through 26. Results of such a

gsurvey will provide a more meaningful



northwest hydraulic consultants itd, 18

comparison with the 1%81 survey. Alsc, the peak, Fraser River
flow in 1982 was considerably higher than it had been since
1977, so that comparison of results between 1978 and 1381 has

unfortunately been limited to a period of very low peak fiows.

If bank protection is required, the Ministry might also give

consideration to the use of hydraulic model studies fo:

(1) More precisely determine the volume and method of
placement for rock needed to effect a .75 metre thick
cover placed in flowing water from a barge; and

{(2) More precisely determine the lineal extent of riprap

protection required.

It is expected that the savings in construction costs resulting
from model tests would be several times the cost of the model
studies. If this suggestion is pursued, field measurements of
velocity distribution during the anticipated construction

period would be required.
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PHOLC 1 29 Novembesr 1577

Comparative wview upstream from downstream end of

B8N slide - from approx. Ministry cross section no. B,
Nokbe Lhe position of trees at centre backoround is

Lhe same in bkalh pholos.

PHOTO 2 16 March 1983
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Comparative views ubstrean taken from abaut
Ministry cross saction no. B, Almost no
erogion has taken place above Lhe water line.
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PHOTD 5 13 January 1979

PHOTO 6

View upstream near Minisltry cross seclbion
na, 12, Position of piles relative to bank is

gimilar in each photo.
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Comparative view usstream from about Ministry cross Section No, 14
Moze that most of the riprap is in the sane position in both photos.
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View upstreanm at approimately Minist
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Appendix B 1 822-1071

PIEZOMETER INSTALLATICN AND MONITORING

1.0 PIEZOMETER INSTALLATION AND TESTING

1.1 Imstallation Procedure

Piezometers were installed between September 2nd and December 15th,
1982, at fifteen locations within the most critical areas identified in
the previous stabhility analyses (see Figure 2). Many of the piezometers
were installed on private property where access is limited, resulting in
some problems and delays. Three piezometers were installed to depths of
up to 46 m at each of the ten locations in the area above the slopes
(Plezometers 111 to 120). Two piezometers were installed to depths of
up to 22 m at each of the five locations on the C.P. Rail bench {(Piezo-
meters 201 to 205). The field work was carried out under the full~time

supervision of a member of our staff.

Detalls on the piezometer installations are presented on Figures

B-1 to B-4 {Appendix R}.

A light truck-mounted rotary drill rig was used to install the pie-
zometers in the area above the slopes. A bombardier-mounted rotary drill
rig was used to install those plezometers on the C.P. Rail bench. The
boreholes, which had a nominal diameter of 120 to 160 mm, were generally
drilled using open hole techniques and Revert (a bicdegradable drilling
fluid) where necessary. Where possible, the plezometers were completed
within sandy zones at approximate pre—~selected depths. The soils encoun-
tered in the boreholes were inferred from the drilling conditions. Stan-
dard 51 mm 0D split spoon samples were taken when suspected sand layers
were encountered close to the proposed plezometer depths. These sample
locations are shown on Figures B-1 to B-4, along with the iInferred sandy
layers or zones. The results of gradation tests carried out on selected

samples of sand are presented on Figures B-5 and B-5A.

Golder Associates
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The piezometers consist of 19 mm diameter plastic standpipes with a
25 mm diameter filtered slotted tip. No. 8 sand was used as backfill
around the piezometer tips and In the zones between the seals. The
seals, which are at least 1 m thick in most cases, were formed using
bentonite pellets. The standpipes in the area of River Road were cut
of f just below ground surface and protected with a locking cover. Those
on the C.P. Rail bench protrude about 0.6 m above ground surface.

The piezometer locations have not been accurately surveyed. The
approximate locations of the instruments in plan (as shown on Figure 2)
were determined relative to existing structures and topographic features
shown on the topographic plan. The approximate ground surface elevation
{relative to Geodetic Datum) at the piezometer locations was estimated
from the available topographic plan (reference Water Management Branch,
Drawing No. A5323~1, January, 1982).

1.2 Testing of Piezometers

Falling head tests were carried out in some of the plezometers to
identify stabilized piezometric levels and provide estimates of forma-—
tion hydraulic conductivity. The falling head tests involved the intro—
duction of water into the standpipes, and monitoring the subsequent
decay of the water level within the standpipe until approximately 80 per
cent of the excess head had dissipated. The data were analyzed according
to the Hvorslev (1951) method. Table B-II1 summarizes the results of
the testing.

The calculated hydraulic conductivities are generally in the range
of 1076 to 108 m/sec within the more permeable zones. As indicated on
Table B~III, certaln plezometers showed very little change followlng the
introduction of water. These plezometers appear to be completed within
more silty or clayey strata, with estimated hydraulic conductivities of
less than 1 x 10710 m/sec.

The falling head tests confirm that most of the plezometers have

been successfully located within the more permeable strata, and that

they should respond well to fluctuations of the plezometric pressure.

Golder Associates
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2.0 GROUND WATER MONITORING PROGRAM AND RESULTS

The plezometers are being monitored by District of Maple Ridge per-
sonnel, with occasional assistance from Golder Associates staff. The
data obtained during the ground water monitoring program to date is pre-
sented in Appendix B. A sumary of the piezometer data (toc February,
1983) is presented on Table B-1, and a plot of piezometric pressure head

versus elevation is shown on Figure B-6.

2.1 1978 Pilezometer Installations

The plezometers installed in boreholes put down during the 1978/79
stability study were monitored between December 1978 and March 1979, and
agaln between November 1981 and the present time. Water levels were re-
corded at about weekly idntervals during 1982, and selected monthly read-

ings are tabulated on the Piezometer Data sheets.

The available 1978 piezometer data indicates the variation of piezo-
metric pressure with depth is almost hydrostatic (see Figure B-6). The
shallowest of these plezometers, which are located 20 to 25 m below
ground surface, indicate January 1983 water levels at depths of 3 to 10
m below the ground surface (or between approximate elevation 32 m and 15

m) .

The recorded ground water levels in the 1978 plezometers show fluc-~
tuations in the range of 0.3 to 1.6 m during the period between January
1982 and January 1983. The 1982 data indicates that ground water levels
are at a minimum in October/November, and reach a maximum in January/
February. Ground water level fluctuations of up to 7.5 m were recorded
between January 1979 and 1983, but the 1979 data is questionable since
the plezometric levels may not have stabilized by that time. There is
some evidence to suggest that water levels are generally lower now than
they were in 1979, but thils may alsc be due to the slow stabilization of

plezometric levels.

Golder Associates
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2.2 1982 Piezometer Installations

The recently installed piezometers have been monitored regularly
since December, 1982. Falling head permeabllity tests have been carried
out in many of these instruments to obtain values of hydraulic conducti-
vity and to identify stabilized plezometric levels (see Section 2.2).
The majority of the 1982 plezometers appear to have stabllized and to be
responding well to ground water fluctuations. The following discussion
is weighted toward the data obtained from the 1982 pilezometer installa-
tions.

The recent data indicates that the plezometric pressure profile is
significantly lower than the hydrostatic pressure profile, except in
those areas below the CP Rail grade. This i1s clearly illustrated on Fi-
gure B-6. The recorded water pressures in piezometers 201 to 205, which
are located on the C.P. Rail bench, are only slightly below the hydro-
static pressure. This is a result of disslipation along near horizontal

stratigraphy toward the river.

In the area above the CP Rail bench, the data indicates thar water
levels in the upper 10 w are in the range of 2 to 9 m below ground sur-
face (approximately elevation 32 to 25 m) and that significant fluctua-
tions occur with precipitation. Measured fluctuations between December
1982 and January 1983 are generally in the range of 0.4 to 1.4 m, with

some higher fluctuations probably due to surfiecial flooding.

Water levels below the toe of the slope at the C.P. Rail bench are
generally 2 to 4 m below ground surface, and are probably controlled by
the drainage measures installed by C.P. Rail. Measured fluctuations

between December, 1982, and January, 1983, are in the range of 0.1 to
0.4 m.

The expected dissipation in water pressure toward the river is illu-
strated on Figure B-6 where it can be seen that, for a given elevation,
water presgures in Piezometer 112 (close to the crest of the slope) are

lower than at other Installations in the area above the slopes.

Golder Associates
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2.3 Compariscn of 1978 and 1982 Piezometers

The recent plezometers indicate significantly lower pilezometric
pressures exist at depth than is indicated by the 1978 plezometers. The
1982 plezometers have only been monitored for a relatively short period.
However, the falling head test results indicate that most of them are
responding to piezometric pressure changes, and that they have stabiliz~-
ed. On the other hand, falling head tests carried out in 1978 Piezometer
103, which is very close to the 1982 Piezometer 117, indicate that the
deep plezometer (103A) is plugged. Sounding of the 1978 piezometers in
1982 indicates that many of these plezometers are blocked well above the
recorded tip depth (see Piezometer Data Sheets, Appendix B).

The 1978 piezometers were installed in boreholes, drilled using
bentonite mud, put down primarily to define and obtain samples of the
underlying stratigraphy. The presence of bentonite in the borehole would
lower the permeability of the soill strata, and would affect the perfor-
mance of the plezometers installed in boreholes drilled using this tech-

nique.

The water levels in the piezometers installed in 1982 were close to
ground surface at the time of installation. Since that time, water
levels within the standpipes have dropped and, presently, water levels
vary between 2 to 30 m below ground surface with the deepest piezometers
recording the lowest water levels. Falling head tests carried out in
these piezometers indicate that many of the piezometers are responding
to plezometric pressure changes, and that these low readings recorded at
depth are in fact stabilized piezometric levels. Based on this testing,
those piezometers completed in zones with hydraulic conductivies greater
than 1x10710 n/sec are providing accurate piezometric levels. Plezome-
ters completed in zones with hydraulic conductivities less than 1x10-10
m/sec show a very slow response to pressure changes due to the phenome-
non of time lag, and readings from these piezometers should be reviewed
as more data becomes available. It may be possible to measure the piezo~
metric pressure within the lower permeability zones by the installation
of a pneumatic plezometer tip within the existing standpipes. Such pie-
zometers would respond gquicker to pressure changes, but have the disad-

vantage that a special device is required for monitoring.

Goider Associates



TABLE B-1

SUMMARY OF DATA FROM 1978 PIEZOMETERS

RANGE OF WATER LEVELS
APPROXIMATE ELEVATION
PLEZOMETER APPROXIMATE OF WATER IN PIEZOMETER JAN. 1982 JAN. 1979
NUMBER TIP ELEVATION JANUARY 1983 TC JAN, 1983 TO JAN, 1983 REMARKS
(m) (m) {m} {m)
101 4 +17.0 3.5 .80 3.57*% *Floodad
B 5.0 27.8 0.80 7.16%
c —48.2 2.0 0.80 3,23
163 & -13.0 28.3 G462 5.29 Tested, Very Slow Responss
B +5.0 25.2 1.55 7.3% Tested, Good Response
104 4 -1z.8 16.5 £.28 4.13
B +10.5 17.4 G.36 3,44
105 A +1.8 15.2 G. 55 " 3.55%
106 A +8,8 14.8 G.46 0.54
8 -4.0 12.6 0.36 0.57
TABLE B-I1
SUMMARY OF DATA FROM 1982 PIEZOMETERS
RANGE
APPROLIMATE ELEVATION OF WATER LEVELS
PIEZOMETER APPROXIMATE OF WATER IN PIEZOMETER DECEMBER 1982 TO
NUMBER TIP ELEVATION JANUARY 1983 FEBRUARY 1983 REMARKS
() (m) (=}
*Flooded
1111 24,2 33,2%* 3.40 Tested, Slow Response
2 +9.0 19.3 1.24 Tested, Slow Response
3 -11.Q 15.5 0,33 Tested, Geod Response
112 1t +20,1 2.0 0.71
2 +59.1 13.1 0.22
3 =12.8 [ .21
1131 +23.2 30,4 .54 Tegted, 5low Redponse
2 +9.3 25,6 2.02 Tested, Good Response
3 -10.5 6.3 (Feb) - Tested, Good Response
114 1 +25.4 31.9 .86 Testad, Good Response
2 +8.8 18.8 0,55 Tegted, Geod Response
3 +0.3 3.0 0,40 Tested, Good Responsa
115 1 +23.1 29.% 0.78 Tested, Good Response
2 +11.0 22.0 O.46 Tested, Good Response
3 +3.0 17.3 0,06 Tested, Slow Response
116 1 +24.6 25.3 040 Tested, Good Response
2 +3.0 12.5 0.52 Tested, Good Response
3 -10.7 6.2 0.26 Tested, Good Response
1171 +24.4 27.0 1.12 Tested, Good Rsseponse
2 +8.3 13.9 0.88 Tested, Good Response
3 3.1 7.0 0,17 Tested, Good Response
118 1 +22.2 27,4 0.68 Tested, Good Response
2 +6.4 17.8 1.42 Tested, Good Response
3 ~10.1 6.2 .28 Tested, Good Response
119 1 +11,7 28.3 J.40
z +2.5 14.6 0.06
3 ~-1%.7 12.6 0.09
1201 +13.5 2L.0 1.02
2 ~5.1 21,1 D.24
3 ~18.8 7.3 0.33
2011 +0.1 6.8 .13
2 -10.3 5.1 g.21
202 1 +3.0 5.2 0.27
2 -10.% 2.8 .40
2031 0.7 8.3 .05
2 ~12.7 4h 0,34
204 1 +i.1 4.8 0.27
2 ~14.4 2.6 0.29
205 1 +3.8 4.5 0.43
2 -13.5 3.4 0.27
NOTE:

Elevations were estimated from topographic plan and are approximate.




SUMMARY OF FALLING HEAD TEST RESULTS

CALCULATED
PIEZGMETER BASIC(a) LENGTH OF HYDRAULIC
NUMBER TIME LAG GRAVEL PACK CONDUCTIVITY COMMENTS
(sec) (m) (m/sec)
111 1 - 2.40 - Negligible Respouse k <1 x 1010
2 - 2.13 - Negligible Respomse k <1 x 10710
3 41,400 4.60 1.6 x 1079
113 1 - 1.67 - Negligible Response k <1 x 10710
2 185 3.50 4.0 x 1077
114 1 21 3.65 2.4 x 1076
2 1,830 3.20 3.0 x 1078
115 1t 19,200 2.60 5.5 x 1072
2 4,740 3.65 1.6 x 1078
3 - 3.04 - Negligible Response k <1 x 10710
116 1 210 8.53 2.0 x 107/
2 5,280 3.05 1.7 x 1078
3 2,400 6.40 2.0 x 1078
117 1 152 6.70 2.0 x 1077
2 3,060 11.58 9.6 x 1079
3 4,500 13.10 5.9 x 1079
118 1 165 10.97 1.0 x 1077
2 2,055 10.36 1.6 x 1079
3 18,240 2.13 6.8 x 1079
103 B 1,380 10.0 2.4 x 1078
A - 5.3 - Negligible Response k <1 x 10710

(a) See Hvorslev (1951




B/EZOMETER INSTALLATION DETAILS Figure B-1
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PIEZOMETER INSTALLATION DETA/LS Figure B8-2
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PIEZOMETER INSTALLATION DETAILS Figure B-3
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FIEZOMETER INSTALLATION DETAILS

Figure B-4
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Appendix C i 822-1071

PUMP TEST PROGRAM

As part of the present study to assess the effectiveness of slope
depressurization techniques, a test well was drilled and pump tested.
Analyses of the data has provided useful information on the effective-

ness of wells for slope depressurization.

1.0 WELL INSTALLATION

Prior to the drilling of the borehole, the stratigraphy and soil
samples from the earlier boreholes were examined to determine the opti-
mum well design. Grain size analyses were run on the sandier samples
from several boreholes (see Figures B~5 and B-3A). It was determined
that due to the heterogeneous nature of the strata, maximum flow into
the well would be achieved by screening as much as possible of the more

permeable zones.

The well is located approximately 14 m southwest of plezometer 114,
The well was drilled by Norwest Water Well Drilling of Langley, B.C.,

using a percussion/cable tool method. During the drilling, soil samples
were taken every 0.6 m for classification. The borehole penetrated vary-
ing thicknesses of clayey silt, sandy silt and fine sands. Little ground
water inflow into the borehole was detected during drilling, although a
zone of fine sand between 15.8 and 18.6 m appeared to produce more sig~

nificant ground water inflow.

Upon completion of the drilling, the well screen and riser pipe
were Iinstalled. 1In order to enable maximum flew into the well, the more
permeable zones were screened with 152 mm nominal diameter, 20 slot PVC
well screen. To prevent migration of the siltier material into the well,
the annulus between the screen/riser and the drilled hole was backfilled

with an f-16 sand pack.
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Appendix C 2 822-1071

The well design is shown on the hydrogeological log in Appendix C
and consists of a tail pipe followed by sections of screen and riser to
the surface. The tall pipe acts to collect the sediment that may move
into the well durlng pumping. The well screen assembly and sand pack
were Installed by the pull-back method. During the installatiocn of the
sand pack, a blockage occurred in the annulus approximately 15 m below
surface. On trying to free the casing, the well screen assembly was
pulled fromw the hole. The casing was re—advanced to the required depth
and the hole cleaned out. The screen assembly was re—-set and sand pack-
ing repeated. During the second attempt, no problems were encountered.
The annulus was backfilled with sand to a depth of 4.2 m as the casing
was withdrawn. Upon completion of sand packing, a large cavity was vis-
ible approximately 2 to 3 m below ground surface. Ground water was noted
flowing into the well from this zone. The cavity was backfilled with
crushed rock to allow this water to enter the well durimg the pump test.
Following completion, the water level in the well was recorded as 1.95 m

below surface.

The well was developed by bailing for a period of 1 to 2 hrs. Some
fine sand from the sand pack and silt was removed during the development.
Further development was carried out by C.P.I. Equipment of Langley,
B.C., who later pump tested the well. A 5 HP submersible pump was set in
the well at 25.9 m below ground surface and used te backwash the well.
The technique involved drawing the water level down in the well to ap-
proximately 20 m below surface, then turning the pump off and allowing
the water in the drop pipe to fall back inteo the well. Backwashing was
carried out for a period of 3 hrs, little improvement in well efficiency

was noted during this time and development was thus terminated.

2.0 PUMP TEST PROCEDURE

The 5 HP pump used in development was replaced by a 1/2 HP submers-
ible pump set at 25.9 m below ground surface. A 51 mm diameter drop pipe
was used to conduct the water to the surface where it was discharged via
100 nm plastic pipe into the surface ditch drainiag north parallel to
216th Street. The ditch was seen to be underlain by silty clay and in-
filtration of discharged water Into ground was considered to be minor.

Golder Associates



Appendix C 3 822-1071

Flow rate measurements during the pump test were carried out by record-
ing the time required to fill a 5 imperial gallion pail. Prior to the
start of the test, ground water levels were recorded in neighbouring
piezometers. The test commenced on March 16th, 1983, and was continued
for a duration of 1360 min. The well was pumped at & near constant rate
of 0.52 1/sec for the duration of the test. Following the drawdown
phase, the pump was switched off and the water levels allowed to recover.
During the test, water levels were measured in the well and surrounding
piezometers. Appendix C contains the pump test data. Hydrographs for
the well and the plezometers 1l4~1 and 2 during the pump test are pre-
sented as Figures C-1, (-2, and C-~3.

3.0 PUMP TEST ANALYSIS AND DISCUSSION

From the monitoring of piezometers adjacent to the well, a downward
hydraulic gradient is present at the pump test site with pilezometrie
heads* decreasing with depth. The well is completed within differing
hydrostratigraphic zones, and as such the effect of pumping the well
will be different within each zone. The hydraulic response to pumping
would be first seen in the near surface zones, where plezometric heads
are greatest. Deeper piezometers (e.g. plezometer 114-2) are completad
within less permeable zones with lower plezometric heads, and therefore
the water level within the well would have to be drawn down below these

lower plezometric heads to see a hydraulic respomnse.

The conditions described above make analysis of the data by stan-
dard analytical techniques difficult. In this respect, only data from
the pumping well was analyzed by standard techniques (Cooper and Jacob,
1946 and Boulton, 1963). The analyses are presented as Figures C-4 and
C~5 in Appendix C, with a summary presented in the following Table.

*Piezometric head is the sum of the elevation head and the piezometric
pressure head.
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Appendix C 4 822-1071

SUMMARY OF PUMP TEST ANALYSES

QBSERVATION
POINT TRANSMISSIVITY METHOD OF ANALYSIS

nZ2/sec
Pumping Well 1 x 1075 Jacob Drawdown
Pumping Well 6 x 1076 Theis Recovery
Pumping Well Farly Time Boulton

No Analysis Possible
Late Time Boulton
9 x 1076

The values of transmissivity calculated by the wvarious methods are
in reasonable agreement. It is assumed that most of the water entering
the well was derived from the near-surface silty sand and the fine sand
encountered between 15.8 and 18.6 m depth {a total saturated thickness
of 7m) resulting in a hydrualic conductivity of 1 x 1076 m/sec for these

ZOGES .

A maximum drawdown response to pumplng of 153 m was recorded in the
purping well during the pump test. The water level in the well had not
stabilized when the pump was switched off. The response of the well, as
shown on Figure C~4, is typical of an unconfined aquifer exhibiting de-
layed yield. Plezometer 1l4~1 sustained a maximum drawdown of 0.44 m.
The water level was close to apparent stabilization, although continued
pumnping of the well may have Induced countinuing drawdown. Piezometer
114-2, complaeted at an elevation of 8.8 m, did not show a hydraulic res-
ponse to pumping the well until some 250 mln after pumping commenced.
The delayed hydraulic response is due to the early time water level in
the well being much higher than the static level in the piezomefer. When
the water level in the well had been drawn down below this static level,
the plezometer in this deeper zone showed a hydraulic response. Piezo-
meter 114-2 recorded a maximum drawdown of nearly 0.5 w during the test,
and was not approaching stabilization. The response of this piezometer

is typical of a quasi-confined situation.
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Appendix C 5 822-1071

The following table illustrates the regsponse of other piezometers

monitored during the pump test.

APPROXIMATE APPROXIMATE DEPTH TO WATER {(m)
PIEZOMETER TIP DISTANCE BEFQRE AFTER
NUMBER ELEVATION FROM WELL PUMP TESTING PUMP TESTING
{m) (m) 16/3 9.00 hrs 17/3 11.00 hrs

112~1 +20.1 115 12.56 12.55
-2 +9.1 115 20.25 20.25

-3 -12.8 115 29.15 29.26
113-1 +23.2 60 0.87 1.06
-2 +9.3 60 3.90 4,02

-3 -10.5 60 28.45 28.43
116-1 +24.6 200 9.4C 9.41
-2 +3.0 200 22.10 22.10

-3 -10.7 200 28.64 28.62
118~1 +22.2 210 6.65 6.71
-2 +5.4 210 16.40 16.33

-3 -10.1 210 28.43 28.35

Piezometers 113-1 and 2 recorded a drawdown of 0.19 and 0.12 m, res~
pectively, during the test. Fluctuations recorded in the other piezo=-
meters are considered to be due to natural causes and not associated

with the pumping of the well.

4.0 PRELIMINARY DESIGN OF DEEP WELL SYSTEM FOR REMEDIAL TREATMENT

Analyses of the pump test data indicates that wells may be a suit-
able methed of reducing the ground water levels underlying the site. The
test indicated that both the near surface silty sand and the underlying

less permeable silty zones are both drainable.
A preliminary estimate of well spacing has been prepared based on

the results of the pump test, but longer term pumping (in the order of a

few months) will be required to verify this design. TIn order to achieve
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Appendix C 6 822-1071

a minimum 5 w drawdown between wells in the siltier zones after 1 year
of operation, 1t is estimated that wells spaced approximately every 100
m will be required. This well spacing would be subject to revision fol-
lowing long term pump testing, or initial permanent well installation.
The wells would be drilled to an anticipated depth of between 30 and 35
m, and completed as illustrated on Figure 6. It is anticipated that long

term pumping rates for each well will be less than 0.7 1/sec.

If required, it is recommended that the wells be completed at 127
mm nominal diameter, rather than the 152 mm nominal diameter as used in
the test well. The 127 mm nominal diameter screen and casing should be
internal and external flush to prevent possible bridging of the sand
pack during well completion. The well screen should be installed with
centralizers to keep the screen aligned in the centre of the hole, and
ensure even sand pack distribution. The installed pump should be capable

of pumping up to 0.7 1/sec against a total dynamic head of 40 m.

Two well designs are possible:
1) screening the entire thickness of saturated material;

2} screening only the less permeable sandy silts found below
approximately 12 m, with a grout seal placed above the top of

the screened section to prevent drainage from the silty
sands.

Screening the entire saturated thickness will allow some drainage
of the near surface silty sands to occur. In the event that the well is
not pumping, the water level in such a well will probably be near sur-
face, reflecting the level in the relatively permeable near ground sur-—
face silty sand. Under these conditions, the well will act as a vertical
drain allowing the transfer of water from the silty sands to the less
permeable material at depth due to the prevailing downward hydraulic
gradient. This flow of water into the deeper zones will act as a source
of recharge and induce a rise in water levels at depth. It 1s therefore
recommended that these wells (screened over the entire saturated thick-

nesgs) should be continually pumped.
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Appendix C 7 822-1071

The alternative well design will only allow drainage from the lower
less permeable silty strata. Wells completed according to this design
could be pumped on an intermittent basis. A combination of an intercep-
tor drain installed in the silty sands and wells to depressurize the
less permeable material at depth (Alternative 2) would appear the most

feasible ground water control measures.

It should be noted that lowering water pressures within the slope
using wells, as discussed above, will take a finite time (probably sev-
eral months to a year). Unless wells are installed at a much closer spa-
c¢ing, it will not be possible to rapidly lower water pressures by only
switching the pumps on once critical water levels have been recorded.
Rather, it is anticipated that pumping would be carried out for at least
several months during the year (depending on whether alternative 1 or 2

is chosen) to ensure that water levels do not reach critical levels.

The cost of such permanent wells has been estimated based on 1983
costs incurred during the present investigation. Drilling and completion
of a well to between 30 and 35 m is estimated to cost $10,000. Provision
of a submersible pump, drop pipe, electrical fittings and imstallation,
is estimated at $1,500. Therefore, the installation cost for a single
wall is estimated as $11,500, excluding engineering and the cost of
providing hydro-—connection and discharge of the pumped water into the

sewaer system.

It 1s difficult to estimate costs that may be Incurred during the
operation of the wells. Siltation of the well may occur, but removal of
the pump and redevelopment of the well should be possible. In the event
that remedial measures are unsuccessful, a replacement well could be
drilled. There may also be a need to replace worn cut pumps after a
period of pumping. Life expectancy for a small submersible pump cannot

ba accurately estimated.

The estimate of operating costs given below is based on the follow-

ing arbitrary assumptions:
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Appendix C 8 822-1071

(1) All wells will be redeveloped and sediment removed after first
year of operation, and then at 10 year intervals. The 1983
cost is assumed to be $1,000/well.

{2) One third of the wells will be replaced at 20 year intervals
at a 1983 cost of $10,000/new well.

(3 Pumps will be replaced every 7 years at a 1983 cost of 51,200/

pump.
(4) Power requirements are 3300 Ew.hr/pump/year at a 1983 cost of
$0.05/Kw.hr.
AVERAGE ANNUAL
YEARLY OPERATING COST PER WELL
INFLATION OVER 25 OVER 50
RATE YEAR PERIOD YEAR PERIOD
(%)
5 $1,300 $ 3,200
10 §2,500 16,000

If wells are utilized in order to depressurize the slope, it is re-
commended that a staged drilling and testimg program be adopted. It will
be necessary to install additional piezometers to monitor ground water
levels during testing and operation of the wells. Test wells to be later
used as production wells should be drilled at the west and east end of
the site, to wverify the hydrogeological conditions. At that time, it may
be necessary to make changes to the anticipated well field design based

on the additional data.

4.1 Effects of Deep Dewatering

Lowering of the ground water pressures below their minimum level
will increase the effective stress in the underlyling soil strata. This
will result in some settlement of the dewatered area, as well as an in-
crease in the shear strength of the soils. The magnitude of such settle-

ments will vary depending on the effectiveness and extent of dewatering,
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Appendix C 9 822-1071

and the thickness and relative depth of the wvarious strata. The settle-
ments are expected to be greatest in the clayey strata which are at
least 6 m below ground surface and would be expected to express them-
selves as a general, fairly uniform lowering of the ground surface.
Severe differential settlements would not be expected due to dewatering,
but some gentle tilting of the ground surface may occur. Settlements
within the sandy strata would occur fairly rapidly, while consolidation
settlement of the clavey layers could continue for several vears under

sustained dewatering.

There is no available consolidation test data for the site area. We
have carried out a preliminary assessment of the possible magnitude of
such settlements using data from near surface strata at nearby sites.
The results of thls assessment indicate that total lomg term settlements
in the order of 0.5 m could be expected if the proposed well dewatering
system is in operation. Settlements resulting from installation of the

proposed interceptor drain are expected to be minor.

If dewatering using wells is considered necessary in the future, we
recommend an investigation be carried out to assess the magnitude of
such settlements and their effects on structures, roads and services in
the area. The investigation should include a series of consolidation
tests carried out on samples obtained from boreholes put down to depths
of at least 30 to 40 m. This sampling could be carried out in boreholes

put down for installation of additional plezometers, as discussed above.
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PUMPING TEST DATA Sheet 1 of 3

PUMP ING WELL PW1 WELL DIAMETER 254 mm
OBSERVATION WELL PW1 DISTANCE FROM PUMP WELL 0.0
DEPTH TO STATIC GROUND ELEVATION

WATER LEVEL 3,10 m (ESTIMATED) 34,2 m
TYPE OF TEST Constant Rate

DATE STARTED

Year/Month/Day/Hours/Minutes 83/03/16/10/30
DATE STOPPED
Year/Month/Day/Hours/Minutes 83/03/17/09/10
PUMPING RATE 0.52 1/sec
ELAPSED DEPTH TO PUMP ING
TIME TIME WATER DRAWDOWN RATE COMMENTS
Hr/min/sec {min.sec) (m) (m) 1/sec
09/20 0.00 2.86 Install Pump
09/58 2.89
10/00/30 3.19 Pump on, fill
00/40 3.23 discharge line
00/50 3.26
00/57 3.29
01/03 3.31
01/14 3,40
01/30 ‘ 3.38
10/12/00 4,60 Pump off
12/30 4,28
12/45 4.17 Recovery in
13/30 4.02 well
14/00 3.85
15/00 3.58
16/00 3.46
20/00 3.29
23/30 3.22
10/26/30 3.16
10/30/00 0.00 3.10 0.0 0.52 Pump on
/10 0.17 3.33 0.23
30/25 0.42 3.45 .35
30/35 0.38 3.54 0.44




PUMPING TEST DATA

Sheet 2 of

ELAPSED DEFTH TO PUMPING
TIME TIME WATER DRAWDOWN RATE COMMENTS
Hr/min/sec (min.sec) (m) (m) 1/sec
30/50 0.83 3,60 0.30
31/00 1.00 3.60 0.50
31/15 1.25 3.70 0.60
31/30 1.50 3.73 0.63
3z2/00 2.00 3.80 0.70 0.51
32/30 2.50 3.85 0.75
33/00 3.00 3.90 0.86 0.49
33/30 3.50 3.9%6 0.86
34/00 4,00 4.06 0.96 0.49
35/00 5.00 4.28 1.18 0.53
36/00 6.00 4.46 1.36
37/00 7.00 4.55 1.45 0.52
38/00 8.00 4.62 1.52 0.52
39/00 3.00 4.66 1.56 0.49
40/00 10.00 4£.71 1.61 0.52
45/00 15.00 4,83 1.73 0.52
50/00 20.00 4.87 1.77 0.51
55/00 25.00 4,98 1.88 0.52
11/00/C0 30.00 5.08 1.98 0.52
05/G0 35.00 5.21 2.11 0.60 Pump rate
10/00 40.00 5.38 2.28 0.54 increased
15/00 45.00 5.54 2.44 0.51 Pump rate
25/00 55.00 5.81 2.71 0.51 adjusted
31/00 61.00 5.98 2.88 0.52
42/00 72.00 6.30 - 3.20 0.52
50/00 80.00 6.54 3.44 0.52
12/00/00 90.00 6.86 3.76 0.52
10/00 100.00 7.22 4,12 0.51
20/00 110.00 7457 4.47 0.52
35/00 115.00 8.11 5.01 0.51
50/00 130.00 8.58 5,48
13/01/00 151.00 8.94 5.94 0.52
15/00 165.00 9.33 6.23
25/00 175.00 9.60 6.50 0.52
40/00 190.00 9.96 6.86 0.51
55/00 205.00 10.28 7.18
14/10/00 229.00 10.58 7.48 0.52
14/25/00 235,00 10.90 7.80 0.53
14/50/00 260.00 11.40 8.30 0.52
15/05/00 275.00 11.63 8.53 0.52
15/20/00 290.00 11.85 8.75 0.52
15/35/00 305.60 12.02 8.92 0.52




PUMPING TEST DATA

Sheet 3 of 3

ELAPSED DEPTH TO PUMP ING

TIME TIME WATER DRAWDOWN RATE COMMENTS
Hr/min/sec (min.sec) (m) (m) 1/sec
15/50/00 320.00 12.26 9.16 0.52
16/10/00 340.00 12.57 9.47 0.51
16/32/00 362.00 12.81 9,71 0.52
16/45/00 375.00 12.97 9.87
17/00/00 390.00 13.13 10.03 0.51
18/00/00 450.00 13.57 10.47 0.52
18/30/00 480.00 13.64 10.54
19/00/00 510.00 13.76 10.66 0.51
19/30/00 540.00 14.03 10.93 0.32
20/00/00 570.00 14.26 11.16 0.51
20/30/00 600.00 14.35 11.25 Pump rate con~—
21/00/00 630.00 14.49 11.39 stant at 0.52
21/30/00 660.00 14.52 11.42 1/sec
22/00/00 690.00 14,91 11.81
22/30/00 720.00 15.32 12.22
23/00/00 750.00 15.49 12,39
23/30/00 780.00 15.61 12.51
00/00/00 810.00 15.73 12.63
01/30/00 900.00 16.50 13.40
02/00/00 930.00 16.72 13.62
02/30/00 960.00 16.99 13.89
03/00/00 990.00 17.02 13,92
03/30/00 1026.00 17.09 13.99
05/00/00 1110.00 17.32 14.22
G5/30/00 1140.00 17.38 14.28
06/00/00 1170.00 17.40 14.30
06/30/00 1200.00 17.43 14.33
07/00/00 1230.00 17.46 14.36
67/30/00 1260.00 17.59 14.49
08/30/00 1320.00 17.81 14.71
09/05/00 1355.00 17.98 14.88
09/09/00 1359.00 18.00 14.90
09/10/00 1360.00 18.01 14.91 Pump off start

recovery




RECOVERY DATA

Sheet 1

of

PUMPING WELL PW1

OBSERVATION WELL PW1 DISTANCE FROM PUMP WELL 0.0

INITIAL STATIC WATER LEVEL 3.10 m

FINAL PUMPING WATER LEVEL 18.0l m

DURATION OF TEST 1360 min

PUMPING RATE 0.52 1/sec

ELAPSED t/t' DEPTH TO RESIDUAL
TIME TIME WATER DRAWDCOWN

Hr /min/sec {(min) t' {m) (m)
09/10/00 0.00 - 18.01 14.91
09/10/05 0.08 17,000.0 18.87 15.77
09/10/10 0.17 8,000.0 17.67 14.57
09/10/15 0.25 5,440.0 17,50 14.40
09/10/20 0.33 4,121.2 17.39 14.29
09/10/25 0.42 3,238.1 17.20 14.10
09/10/30 0.50 2,720.0 17.03 13.93
09/10/35 0.58 2,344.8 16.92 12.82
08/10/40 0.67 2,029.9 16.27 12.17
09/10/45 0.75 1,813.3 16.63 12.53
09/10/50 0.83 1,638.6 16.47 12.37
09/10/55 0.92 1,478.3 16.30 12.20
09/11/00 1.00 1,360.0 16.15 12.05
09/11/45 1.75 777.1 14.70 11.60
09/12/00 2.00 680.0 14.10 11.00
09/12/190 2.17 626.7 13.70 10.60
0%/12/30 2.50 544.0 13.15 10.05
09/12/45 2.75 494.6 12.85 9.75
09/13/23 3.38 402.4 11.60 8.50
09/13/35 3.58 379.9 11.30 8.20
09/13/45 3.75 362.7 11.00 7.90
09/14/00 4.00 340.0 10.55 7.45
09/14/30 4.50 302.2 9.75 6.65
09/15/00 5.00 272.0 .00 5.90
09/15/15 5.25 259.1 8.63 5.53
09/15/30 5.50 247.3 8.27 5.17
09/15/45 5.75 236.5 7.88 4.78

Where t = total time since start of test




RECOVERY DATA Sheet 2 of
ELAPSED t/t' DEPTH TO RESIDUAL
TIME TIME WATER DRAWDOWN

Hr/min/sec (min} t' (m) {m)

08/16/00 6.00 226.7 7.58 4.48
09/16/30 6.50 209.2 6.91 3.81
0%/17/00 7.00 194.3 6.30 3.20
08/17/30 7.50 181.3 5.74 2.64
09/18/090 8.00 170.0 5.25 2.15
09/18/30 8.50 160.0 5.00 1.9C
09/19/00 §9.00 151.1 4,90 1.80
09/19/30 9.50 143.2 4.81 1.71
09/20/00 16.00 136.0 4.69 1.59
09/20/30 10.50 129.5 4.50 1.40
09/21/00 11.00 123.6 4.37 1.27
09/21/30 11.50 118.3 4.27 1.17
08/22/00 12.00 113.3 4,18 1.08
09/23/00 13.00 104.6 4,03 0.93
09/24/00 14.00 97.1 3.94 0.84
09/26/00 16.00 85.0 3.80 .70
09/28/00 18.00 75.6 3.72 0.62
09/36/00 20,00 68.0 3.69 0.59
09/35/00 25.00 54,4 3.61 0.51
09/41/00 31.00 43.9 3.57 0.47
09/50/00 40,00 34.0 3.53 0.43
10/00/00 50.00 27.2 3.49 0.39

2



PUMPING TEST DATA Sheet 1 of 2

PUMP ING WELL Pyl WELL DIAMETER 254 pm
OBSERVATION WELL BH~11l4 Grey (1) DISTANCE FROM PUMP WELL 14 m
DEPTH TO STATIC GROUND ELEVATION

WATER LEVEL 2.20 m {ESTIMATED) 34.2
TYPE OF TEST Constant Rate

DATE STARTED

Year/Month/Day/Hours/Minutes 83/03/16/10/30

DATE STOPPED

Year/Month/Day/Hours/Minutes 83/03/17/09/10

PUMPING RATE 0.52 1/sec

ELAPSED DEPTH TO PUMPING

TIME TIME WATER DRAWDOWN RATE COMMENTS

Hr/min/sec {min.sec) (m) (m) l/sec

08/55/00 2.13

10/25/00 2.20

10/30/00 0.0

10/30/30 0.5 2.18 ~0.02

16/31/00 1.0 2.19 -0.01

10/31/30 1.5 2.19 ~-0.01

10/32/60 2.0 2.21 +0.01

10/32/30 2.5 2.21 0.01

10/33/00 3.0 2.22 0.02

10/34/00 4.0 2.22 0.02

10/35/00 5.0 2.23 0.03

10/36/00 6.0 2.24 0.04

10/37/00 7.0 2.25 0.05

10/38/00 8.0 2.27 0.07

10/39/00 9.0 2.275 6.075

10/40/00 10.0 2.285 0.085

10/45/00 15.0 2.32 0.12

10/50/00 20.0 2.345 0.145

10/55/00 25.0 2.37 0.17

11/00/00 30.0 2.38 0.18

11/05/00 35.0 2.40 0.20

11/10/00 40.0 2.415 0.215

11/15/00 45.0 2.425 0.225




PUMPING TEST DATA Sheet 2 of 2
ELAPSED DEPTH TO PUMPING

TIME TIME WATER DRAWDOWN RATE COMMENTS

Er/min/sec (min.sec) (m) (m) 1l/sec

11/30/00 60.0 2.445 0.245

11/40/00 70.0 2.46 0.26

11/50/00 80.0 2.48 0.28

12/00/00 90.0 2.51 0.31

12/10/00 100.0 2.51 0.31

12/25/00 1153.0 2.53 0.33

12/35/00 125.0 2.53 .33

12/50/00 140.0 2.52 0.32

13/05/00 155.0 2.53 0.32

13/20/00 170.0 2.535 0.335

13/40/00 190.0 2.56 0.36

14/00/00 210.0 2.55 0.35

14/20/00 230.0 2.555 0.355

14/45/00 255.0 2.53 0.33

15/20/00 290.0 2.55 0.35

16/00/00 330.0 2.57 0.37

16/25/00 355.0 2,57 6.37

17/00/09 3%0.0 2.55 0.35

18/00/00 450.0 2.56 0.36

19/060/00 510.0 2.58 0.38

19/30/00 540.0 2.58 0.38

20/00/00 570.0 2.57 0.37

21/00/00 630.0 2.58 0.38

22/00/00 6390.0 2.59 0.39

23/00/00 750.0 2.61 0.41

00/00/00 810.0 2.61 0.41

02/00/00 930.0 2.60 0.40

03/00/00 9%0.0 2.59 0.39

05/00/00 1110.0 2.60 0.40

06/00/00 1170.0 2.61 0.41

07/00/00 1230.0 2.61 0.41

08/30/00 1320.0 2.63 0.43

09/04/00 1334.0 2.64 0.44




PUMP ING WELL

RECOVERY DATA

FW1

Sheet 1 of

OBSERVATION WELL

BH-114 Grey (1)

DISTANCE FROM PUMP WELL 14.0 m

INITIAL STATIC WATER LEVEL 2,20 n
FINAL PUMPING WATER LEVEL 2.64 m
DURATION OF TEST 1360 min
PUMP ING RATE 0.52 1/sec
ELAPSED t/t' DEPTH TO RESIDUAL
TIME TIME WATER DRAWDOWN
Hr/min/sec {min) t° {m) (m)
09/10/30 0.5 2720.0 2.64 0.44
09/11/00 1.0 1360.0 2.635 0.435
09/11/30 1.5 906.7 2.635 0.435
09/12/00 2.0 680.0 2.63 0.43
09/12/30 2.5 544.0 2.63 0.43
09/13/00 3.0 453.3 2.63 0.43
09/14/00 4.0 340.0 2.64 0.44
09/15/00 5.0 272.0 2.65 0.45
09/16/00 6.0 226.7 2.65 0.45
09/17/00 7.0 194.3 2.64 0.44
09/18/00 8.0 170.0 2.635 0.435
09/19/00 8.0 151.11 2.62 0.42
09/20/00 10.0 136.0 2.63 0.43
09/25/00 “15.0 90.7 2.57 0.37
09/30/00 20.0 68.0 ,2.54 - 0.34
09/35/00 25.0 S54.4 2.53 0.33
09/40/00 30.0 45.3 2.49 0.29
09/50/00 40.0 34.0 2.46 0.26
10/00/00 50.0 27.2 2.45 0.25
10/10/00 60.0 22.7 2.44 C.24
10/20/00 70.0 19.4 2.435 0.235
10/30/00 80.0 17.0 2.41 0.21
10/50/00 100.0 13.6 2.39 0.19
11/10/00 120.0 11.3 2.38 0.18
11/30/00 140.0 9.71 2.37 0.17
12/00/00 170.0 8.0 2.34 0.14




PUMPING

TEST DATA Sheet 1 of

2

PUMPING WELL PWl WELL DIAMETER 254 mm
OBSERVATION WELL BB-114 Orange (2) DISTANCE FROM PUMP WELL l4ém
DEPTH TC STATIC GROUND ELEVATION
WATER LEVEL 13.85 m (ESTIMATED} 4.2 m
TYPE COF TEST Constant Rate
DATE STARTED
Year/Month/Day/Hours/Minutes 83/03/16/10/30
DATE STOPPED
Year/Month/Day/Hours/Minutes 83/03/17/09/10
PUMPING RATE 0.52 1/sec
ELAPSED DEPTH TO PUMPING
TIME TIME WATER DRAWDOWN RATE COMMENTS
Hr/min/sec (min.sec) {m) {m) 1/sec
10/43/00 13.85
10/46/00 13.85
10/51/00 13.85
10/55/00 13.85
11/01/00 13.85
11/06/00 13.85
11/:1/00 13.85
11/30/00 13.79
11/40/00 13.86
11/50/00 13.8%
12/00/00 13.81
12/10/00 13.86
12/25/00 13.84
12/35/00 13.84
12/50/00 13.88
13/05/00 13.85
13/20/00 13.84
13/40/00 13.85
14/00/00 13.84




PUMPING TEST DATA Sheet 2 of 2
ELAPSED DEPTH TO PUMPING
TIME TIME WATER DRAWDOWN RATE COMMENTS
Hr /min/sec {min.sec) (m) {n) 1/sec
14/20/00 230 13.85 0
14/45/00 255 13.865 0.015
15/20/00 290 13.88 0.03
16/00/00 330 13.89 0.04
16/25/00 355 13.89 0.04
17/00/00 390 13.90 0.05
18/00/00 450 13.95 0.10
19/00/00 510 13.97 0.12
19/30/00 540 13.99 0.14
20/00/00 570 13.99 0.14
21/00/00 630 14.02 0.17
22/00/00 650 14.07 0.22
23/00/00 750 14.09 0.24
00/00/00 810 14.09 0.24
02/06G/00 930 14.12 0.27
03/0¢/00 990 14.19 0.34
05/00/00 1110 14.21 0.36
06/00/00 1170 14,25 0.40
07/00/00 1230 14.29 0.44
08/30/00 1320 14.30 0.45




RECOVERY DATA Sheet 1 of

PUMP ING WELL PW1

OBSERVATION WELL BH-114 Orange (2) DISTANCE FROM PUMP WELL 14.0 m

INITIAL STATIC WATER LEVEL 13.85 m

FINAL PUMPING WATER LEVEL 14,32 m

DURATICGN OF TEST 1360 min

PUMPING RATE 0.52 1/sec

ELAPSED t/t, DEPTH TO RESIDUAL
TIME TIME WATER DRAWDOWN

Hr /min/sec (min) t' (m) (m)
09/17/00 7 194.3 14.32 0.47
09/19/00 9 151.1 14.32 0.47
09/20/00 10 136.0 14.32 0.47
09/25/00 15 90.7 14.34 0.49
09/30/00 20 68.0 14.34 0.49
09/35/00 25 S54.4 14.35 Q.50
08/40/00 30 45.3 14.35 0.50
09/50/00 40 34.0 14.35 0.50
10/00/00 50 27.2 14.37 0.52
10/10/00 60 22.7 14.39 0.54
10/20/00 70 19.4 14.37 .52
10/30/00 80 17.0 14,37 .52
10/50/00 100 13.6 14.30 0.45
11/10/00 120 11.3 14.34 0.49
11/30/00 140 . 9.71 14,33 0.48
12/00/00 170 8.0 14.31 0.46
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Figure C-4
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