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SUMMARY AND CONCLUSIONS

SCOPE OF WORK

This report contains the results of the geotechmnical and ground

water studies carried ocut by Golder Associates at Hat Creek during 1982,
The work comprised the following:

o Assessment of the geology on the east side of the pit in re-
lation to the diversion tunnel investigation results.

o Assessment of the structural data obtained from previous
drilling to establish a zonation of the east side of the pit.

o Reassessment of the geotechnical basis for the pit slope de-
sign.

o Assembly and reassessment of all the ground water data accum-—
ulated since 1978,

¢ Execution of a geophysical survey to investigate the depth of
the surficial deposits in the northeast of the pit.

o Ground water exploration by drilling to assess the deep gla-
cial deposits of the northeast buried channel,

o Reworking of the 1978 estimates of ground water inflow to the

2240 MW Pit and assessment of the inflow to the 800 MW Pit;
dewatering designs.

GEOLOGY OF EAST SIDE OF PIT

Data acquired from the tunnel investigation to the east of the pit
[Golder Associates, 1982(A)] has permitted a clearer understanding of
the geology of the eastern escarpment, but has only assisted in the
understanding of the geological relationship between those rocks and the
Medicine Creek Formation to the west to a limited extent. However, the
rock mass strength of the escarpment indicates that the rocks should not
pose a hazard to the proposed 2240 MW Pit which would be excavated at
flat slope angles.

Golder Associates
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Structural data acquired from previous drilling has been analyzed
and an attempt has been made to 2one the east side of the pit within the
limitations of the data.

GEOTECHNICS

A re—appraisal has been made of some of the geotechncial aspects
of the project which required further clarification. These included:
rock strength, seismic analysis of the waste dumps, pit slope stability
and a comparison with the Panama Canal slopes.

A complete re—analysis was carried out on all the triaxial tests
performed by Golder Associates on the claystone/siltstone sequence. The
trends indicated in the previous reports were demonstrated much more
clearly. Two strength envelopes can be drawn: for the brecciated sam-
ples c' = 0 MPa, §' = 16°; for the structureless samples c' = 0.38 MPa,
@' = 20°., When the proportion of these materials can be assessed in any
particular slope within the pit, its stability can be computed more
reliably than hitherto.

The stability of the Medicine Creek waste dump has already been
analyzed under seismic loading using pseudo-static stability analyses;
this report contains the results of similar studies on the Houth Meadows
dump. The lowest static factor of safety using conservative assumptions
is 2,08. A factor of safety of 1.0 is achleved with a horizontal earth-
quake acceleration of 0.05 g, assuming liquefaction of foundation silts.
Such silts would need to be removed if shown to be present. Analyzing
the dump for displacements by the Newmark method, using an acceleration
as above, a downstream movement of 0.6 to 1.0 m could be expected. By
comparison with the behaviour of El Infiernillo and La Vallita Dams in
Mexico under loading imposed by a magnitude 7.6 event, the Houth Meadows
retaining embankment should suffer acceptably small displacements for an
event of that size.

An independent evaluation of Golder Associates' geotechnical work
has been carried our by Professors P. Rowe of Manchester University and
N. Morgenstern of the University of Alberta. Both have endorsed the
approach taken, have largely agreed with the conclusions and have made
recommendations for the future.

Golder Associates
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The report reilterates the factors upon which the geotechnical
design of the slopes is based and recommends a careful flexible approach
to excavation. Due attention must be given to the geology, material

strength, ground water conditions and rate of excavation.

Analogies are drawn with the experience of the Panama Canal from

the benefit of a visit to the slopes there.

GROUND WATER

The piezometric data accumulated over the period 1976-82 has been
put onto computer file to facilitate future use. Piezometer hydrographs
have been plotted and values for hydraulic conductivity recalculated
where it is apparent that stabilization had not yet occurred. Revised
plezometric contours have been drawn for bedrock and surficial deposits.
Abnormally low piezometric levels in two plezometers close to the burn
2one probably indicate negatiﬁe pore pressures developed on unloading of
the area by burning. The piezometric head distribution remains largely

unchanged from 1978 but the heads are slightly lower in some cases.

An exploration program in the buried valley in the northeast of
the pit area was carried out by geophysical survey and drilling. It was
shown that the glacial deposits infilling that valley had hydraulic con-
ductivities in the range of 1.0x1077 to 9.0x1077 m/sec, For this reason,

screened wells were not installed for test punping as planned.

Based on the re-—evalvation of the hydrogeological parameters,
bedrock inflows to the 2240 MW Pit in Year 35 are anticipated to be in
the range of 1.7 x 10~} to 1.25 x 1073 m3/sec; surficial inflows to the
same pit would likely be approximately 5.7 x 1073 3 /sec. Inflows from
the surficials would be reduced from that calculated in 1978 due to the
absence of seepage from the previously proposed diversion canal and the
lower recorded permeability from the northeast area. A revised mine de-

watering arrangement is presented.

Golder Associates
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For the 800 MW Scheme, 35-year bedrock inflows are anticipated to
be in the range of 3.2 x 1072 to 2.4 x 1076 m3/sec and total surficial

flows 3.4 x 1073 n3/sec. A mine dewatering plan is presented.
High transient inflows are likely, but would probably be of short
duration. They would most likely be associated with faults or closely

jointed zones which are difficult to predict.

FURTHER WORK

Most of the further work required for design would be carried out
in the early phases of excavation when good exposures would be avail-
able., However, it has been recommended by Professor Rowe that detailed
testing before design be carried out on large diameter samples; these
could be obtained from adits or large diameter auger holes. When the
project activities are resumed, it is recommended that consideration be

given to this appraoch.

We thank you for the opportunity of carrying out these further
studies on the Hat Creek Project. We have pleasure in submitting this

final report.

({ZZCF_M

G.E. Rawlings, P. Eng.

o

Tf N.A. Skermer, P. Eng.

.»'/
r @
f“i.s. Guiton
v
GER/NAS/RSG/sek
822-1524B
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1.0 INTRODUCTION
1.1 General

The geotechnical and hydrogeological update program was under-
taken to reassess the data on the Hat Creek No. 1 Coal Deposit (Figure

1) prior to the final engineering design of the 2240 MW Scheme.

During the implementation of this program, the Hat Creek Project
- was delayed due to reduced load growth forecasts. This resulted in the

planned program being cut due to budget constraints imposed by B.C.
Hydro.

The following work was planned; those sections actually completed
are identified:

-  Geophysical survey - completed

- Ground water exploration - 50 per cent completed

-  Ground water monitoring wells — design largely completed;
contract preparation and installation not carried out

~ Geological, hydrological and geotechnical reassessment -~
completed as far as possible within reduced budgets

-  Excavation of clay trench (F) - eliminated

After the initial planning of this work for the 2240 MW Schene,
it became necessary to consider the geotechnical, hydrogeological, and,
in some cases, environmental aspects of a reduced development, the 800
MW Scheme. Separate budgets were established for some sections of this
work and they have been reported on separately (i.e. ash dunmp seepage;
pit drainage; creek diversions; seismic apalysig)., Other aspects of the

800 MW Scheme are included in this report.

Golder Associates
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1.2

Objectives of 1982 Field Studies

The objectives of this study as set out at the proposal stage

were as follows:

Reassessment of the dewatering aspects of the pit including a
risk analysis of potential inflows

Assessments of the movements which might develop in the East
Pit Slopes and the potential risk to diversion structures
sited close to the pit

Planning for the future location of a trench (F) into the
Medicine Creek Formation claystone (subsequently deleted)
Assembly of the geological and geotechnical data collected to
date for slope and ewbankment stability purposes and consi-

deration of the tole of structures in slope stability.

1.3 Methods of Work

Figure 2 shows the various activities planned for the updated
program. Those activities which were deleted or reduced in scope are
identified.

The program of work actually carried out was as follows:

Assembly and assessment of all the ground water data accumul-
ated since 1978. This primarily related to the routine piezo-
metric measuremenfts made by BCH but it also included the re-
sults of the Consiruction Water Supply Investigation (Golder
Associates, 19824)

Execution of a geophysical survey by Geo-Physi-Con to inves-
tigate the depth of surficial deposgits in the northeast of
the pit and to establish, where possible, the location of
faults

(Golder Associates
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- Consideration of various designs of monitoring well for stag-
ed installation iIn the early phases of the project

~ Letting of coniracts for ground water exploration in the

| north and northeast of the pits {curtailed to 30 per cent)

- Assessment of the geology on the east of the pit, the tunnel
investigation results and the results of the ground water
field work to determine the long-term stability of the East
Pit slopes

-~ Rework the 1978 estimates of pit inflows

~  Assess the structural geological data obtained from current
and earlier coring programs in the east side of the pit

~  Produce a structural zomation of the pit where applicable

- Consider the implications of the structural data for pit

slope stability.

Some of the planned programs suffered due to the curtailment;
most were completed satisfactorily, however. It was possible to reorien-
tate some of the work to good advantage. For example, use was made of
two external geotechnical consultants, Professor N, Morgenstern of the
University of Alberta and Professor P. Rowe of the University of Man-
chester in the review of the previous geotechnical work. Mr. G. Rawlings
was able to extend a visit to Panama for other purposes in order to

spend time examining the gectechnical problems of the Panama Canal.

1.4 Work Carried Out Since 1978 Studies

Mining geotechnical work on the project has generally been sparse
in the period 1978/82. The main programs carried out at the site during
that period were the following:

- Power plant investigation (Klohn Leonoff Consultants)

- Diversion canal and ‘dam investigation (HEDD)

Golder Associates
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-  Tunnel diversion investigation (Golder Associates)
-  Construction water supply investigation (Golder Associates)
- Seismicity study and capable fault investigation (Klohn Leon-

off Consultants)

0f these studies, the power plant investigation has provided
little data of use in this update report. The canal diversion investiga-
tions have yielded some peripheral information and the tunmel diversion
_ has provided some important geotechnical results. The construction water
supply study reached some interesting conclusions which have been used
in this work. The analysis of the selsmicity at Hat Creek has‘interfaced
with the design of the engineered structure in and around the pit; this

is considered further in the body of the report.

1.5 Acknowledgments

We wish to acknowledge the help of BCH during this study and, in
particular, Dr. G. lange, Mr. W.G., Fothergill, Mr, H. Kim, and Mr, S,

Ridley who have provided much assistance.
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2.0 GEOLOGY

2.1 General

The geology of pit slopes has not been reassessed to the extent
originally anticipated. It was envisaged that the results from a large
scale excavation in the claystone would be able to be extrapolated to
the other slopes likely to be excavated in the saﬁe formation by means
of a re—examination of the core and a reassessment of the earlier test
_ results. As the claystone excavation was unable to be carried out, this
exercise was not possible. However, a reappraisal was made of the struc—
tural data already accumulated from the eastern pit slopes. In addition,
the data obtained from the diversion tunnel investigation through the

eastern escarpment has been assessed in relation to the proposed slopes.

2.2 Geology of the East Side of the Pit

The report on the Hat Creek Diversion Alternatives (Golder Asso-
clates, 1982) describes the geology to the east of the 2240 MW Pit mar-
gins as deduced from the 1982 field investigations. The detailed studies

did not extend beyond the proposed tunnel portal areas.

The east and northeast areas of the pit were investigated by geo-
physical survey (Geo~Physi~Con, 1982} to define the extent of the buried
glacial channel., It was anticipated that data would also be accumulated
on the bedrock materials. Although it proved possible to identify the
coal sequence, it did not.prove to be possible to locate the eastern
limit of the Medicine Creek Formation or position a boundary fault (if

it is present). The bedrock surface was well defined.

The relationship between the Medicine Creek Formation as seen in

DDH 77-815 and the interbedded claystones, sandstones and conglomerates

Golder Associates
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seen further east in DDH 77-816 and DDH 75-36 is obscure. A boundary
fault may not be necessary, a facies variation seems more likely. The
presence of a well-rounded basal conglomerate above the andesitic se-
quence in DDH 77-816 supports the view that the Medicine Creek deposits
are overstepping andesitic rocks of Coldwater Formation age or earlier.
However, 1t seems much more likely that a boundary fault wmust separate
these rock types further south in the vicinity of DDH 78-839 and DDH 78-
841.

2.3 Geological Structure

The role of geological structure in slope stability of Hat Creek
is a much argued question. It is known that it would be an important
factor on the bench scale, its role in the overall pit slope stability
would depend on the attitude and continuity of the structures. Moreover,
the concept of depressurization is heavily dependent on the permeability

of the ground which is related to structure.

A reasonable assumption can be made of the structure in the pit
slopes for the Hat Creek Coal Formation and the Coldwater Formation be-
cause bedding is generally recognizable in those rocks. Bedding cannot
generally be recognized in the Medicine Creek Formation although discon—
tinuities are extensively recorded in the core. In order to make an es-
timate of how the structures in the Medicine Creek claystones might dip,
histograms have been drawn for the structural data recorded in cores
from holes drilled on the east side of the pit which encountered the

claystones.
This data has been assembled on computer file and a program writ-

ten to provide histograms of various selections of data. The histograms

of significance are discussed in Section 2.4

Golder Associates
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Structures of importance to overall slope stability (i.e., exclu-
ding local bench failures) which could constitute failure planes must
dip at angles less than the slope angle. The slope angle currently re-
commended for use in those materials is 20 degrees; it is likely to be
increased in practice if it can be demonstrated that steeper angles are
feasible. Structures oriented out of the pit slopes with angles between
the residual friction angle and the slope angle are of significance. The
difficulty in congidering such flat angles is that they partly fall into
the same range of angles as core breaks produced during drilling. Buring
coring in such weak materials, rotational breaks develop at angles near-—
ly normal to the core axils, these can easily be confused with loﬁ angle
bedding or joints. For this reason, when manipulating the structural
data, where there is a preponderance of readings in the range 80 to 85
degrees or 85 to 90 degrees (angles measured with reference to the core
axis) they have been omitted. In addition to providing a misleading
picture of the joint angles, a large number of drilling breaks also ser—
ves to obscure concentrations of other data at steeper dips (e.g., see
plots of DDH 76-801).

Without oriented core, it is not possible to measure, or esti-
mate, dip directions. During the first geotechnical field program in
1976, attempts were made to orient the core using the Christensen-Hugel
core barrel and the Craelius Core Orienter. Neither proved to be suc—

cessful because of the weakness of the rocks.

It is therefore apparent that without good rock exposures to pro-
vide control, deductions on the role of structure in the pit slopes is
at best vague. 1f in later years, but prior to opening up the pit, it is
decided that further structural data is required in the Medicine Creek
claystones, it 1s recommended that one of the following methods of in-

vestigation be considered: a large open trench, a large diameter bucket-

~augered hole, or an adit. Any of these methods would yield structural

data and permit large diameter sampling of materials below the phreatic

surface.

Golder Associates
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2.4 Discussions of the Histograms

The histograms of discontinuity dip values for the east side of
the pit are shown on Figures 3 to 17. A summary of the concentrations

of data is given on Table I.

It is apparent that some trends exist. In the southeast of the
plt area, very similar concentrations appear in DDH 76-801, DDH 76-821
and DDH 77-841. The results from DDH 78-867 show some features in com-
mon. It is likely, therefore, that this could represent a structural
bleck with similar dip or joint orientations throughout. If the major
dip concentration of 16 to 20 degrees were related to discontinuities
dipping towards the northwest, it could have considerable implications

for pit slope instability in that area.

Major concentrations in DDH 76-815 and DDH 77-843 are similar but

are steeper and are less likely to be of prime significance.

Concentrations in DDH 77-846 and DDH 78-870 in the east to north-
east sector of the pit are evident, but the data is not plentiful. The

high incidence of steeply dipping joints in DDH 78-870 may be due to the
proximity of the Finney Fault in that area.

Figure 18 shows the areas In the east pit slopes where structural
dips are similar and they may be interpreted broadly as structural
zones. Further confirmation would be required, however, since dip direc-

tions are lacking.

Golder Associates
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Summary of Discontinuity Dip Values

Concenirations Measured

& £ ¥

€

Drillhole to Core Axis Comments
(Dip values)
DDH 77-841 70 - 74 58 - 62 Similar to DDH 76—
(16 - 20) (28 - 32) 801, DDH 76-821
DDH 77-843 40 - 44 50 - 54 60 64 Could be close to
(46 - 50) (40 - 36) (30 - 26) faults which offset
Finney Fault. Simi-
lar to DDH 76-815
DDH 76-801 70 - 74 56 -~ 64 Similar to DDH 77-
(16 - 20) (26 - 34) 841, DDH 76~821
DDH 76-821 70 ~ 74 56 - 60 40 44 Similar to DDH 76—
(16 - 20) (30 - 34) (46 - 50) - 801, DDH 77-841
DDH 78-867 76 — 80 66 - 70 56 60 Some Similarit§ to
(10 - 14) (20 - 24) (30 - 34) DDH 77-841
DDH 76-815 40 -50 56 - 60 76 80 Main concentration
(40 - 50) (30 - 34) (10 - 14) similar to DDH 77-
843
DDH 76~-816 50 - 64 70 = 74 Disregard angled
(26 - 40) (16 - 20) hole
DDH 78-870 6 ~ 10 56 - 64 70 - 74 Also 20 - 30 (60 -
(80 - 84) (26 - 34) (16 20 70). Could be close
to Finney Fault
considering concen-
tration of steeply
diping joints
DDH 77-846 56 ~ 64 Only limited data
(26 - 34) available.
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3.0 GEOTECHNICS
3.1 General

Reappraisal of the mining geotechnical aspects of the Hat Creek
Project has been concentrated in areas, namely:

- Rock strength

= Seismic analysis of waste dumps

~ Review of pit slope stability

- Comparison with Panama Canal slopes

Although no additional rock strength data has become available,
it was considered useful to reappraise the previous interpretations, es-
pecially with the benefit of an external consultant's comments, to see
if they could yield any further information on the behaviour of the mat-

erials.

A detailed analysis of the Medicine Creek Waste Dump stability
under seismic loading has been reported on elsewhere and is attached
herewith as Appendix A, Due to the much greater importance placed on
the Houth Meadows Dump by the 800 MW Scheme (no Medicine:Creek dump
would be required for this), the effect of seismic loading on that

structure has also been analyzed and is included in this report.

Some analysis of the structural data collected from cored holes
in the east pit slopes in earlier years has been analyzed (see Section
2). It is considered in thils section with regard to its role in slope

stability.

The final part of this section of the report brings together
these various geotechnical aspects of the 2240 MW pit together with the
external consultant's comments and the review of the Panama Canal slopes
made by G.E. Rawlings in February 1982 during a field visit, to produce
the final pre—design appraisal of the pit slope stability. A brief re-
view of the 800 MW pit slopes has already been made and this is included
as Appendix B,

Golder Associates
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3.2 Rock Strength
3.2.1 Coal

No further testing of the coal was carried out, but a re-analysis

_of the 1977 data was made by calculating stresses on the failure planes

of the specimens. The results tended to show a curvi-linear strength
envelope but, within the stress range under consideration, it could be
closely approximated by an envelope represented by @' = 40 degrees and
cohesion ¢' = 15 psi (0.1034 MPa). This data was used Iin the analysis
of the proposed 800 MW pit slopes (see Appendix B).

3.2.2 Claystone/Siltstone

A detailed re—analysis of all the triaxial tests that had been
performed on the claystone/siltstone sequence in both the 1976 and 1978
laboratory testing programs (Golder Associates 1977, 1978) was perform-—
ed. Doubtful test data was discarded. Only tests on which the specimens
had failed along clearly identified failure planes were re-examined.
Stresses along these failure planes were computed and the results were
plotted in the form of shear strength, normal strength envelopes as
shown on Figure 19. Both drained and undrained triaxial compression test
data was analyzed. Brecciated samples were differentiated from the
structureless specimens. The results indicate that the strengths of
these materials are independent of the material type, i.e. whether the
samples are from the Coldwater Formation or the Medicine Creek Forma-
tion. This conclusion was arrived at previously and is covered in tﬁ'ine
Golder Assoclates report, 1978, A few samples sheared aleong planar dis—
continuities and these stand out from the mass of the results, e.g. in
the 1976 program, a sample ¢f the Medicine Creek Formation failed along
a smooth slickensided fallure plane close to residual shear strength.

Similtarly, in the 1978 program, two further planar shears occurred.

Golder Associates



December, 1982 11 822-1524

The main conclusion from the analysis is that two clearly defined
strength envelopes can be drawn, one for the structureless 'intact' mat-
erial, and another for the brecciated material. The strength envelopes
can be closely approximated by an angle of friction of @' = 16 degrees
and zero cochesion for the brecciated samples, and $' = 20 degrees and a
cohesion of 55 psi (0.38 MPa) for the structureless samples. Depending
uponr the distribution of these materials within any one particular pit
slope, this data would provide an improved basis for reassessing the
stability of that particular section of the pit., Future work on the
strength parameters should take into account the considerations of Pro-

fessor P.W. Rowe as discussed in Section 3.4.
This largely accords with the conclusions of the 1978 study in
which the lower bound or envelope shown on Figure 19 was selected on a

more judgemental basis. This reanalysis substantiates that work.

3.3 Seismic Analysis - Waste Dumps

The stability of Medicine Creek waste dump was analyzed under
earthquake loading using pseudo—static stability analyses., The work was
carried out in 1981 and it was reported by letter to B.C. Hydro on Nov-—

ember 16th, 1981, see copy attached in Appendix A, It was concluded that
for an acceptable factor of safety of 1.5, the seismic coefficient that
could be tolerated would be 0,11 which would be comparable to about a
magnitude 6.5 earthquake. This was for the maximum volume dump proposed

in Medicine Creek as outlined in our 1978 report.

Subsequently, further analyses were carried out on the Houth
Meadows waste dump using the same techniques. The analysis was computed
using Sarma's method (Geotechnique, 1973). The following results were

obtained.

Golder Associates
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(a) The lowest static factor of safety was 2,08, This assumes a mas-

(b)

sive slip surface through the base of the waste and that the
foundation silts had liguefied for a distance of 1200 m behind
the sand and gravel retalning embankment. The other strength par-
ameters are as assumed for the Medicine Creek waste dump except
that beneath the sand and gravel retaining embankment the founda-~
tion strength parameter was assumed to be @' = 27 degrees and ¢ =

0. These are very conservative assumptions.

A factor of safety of 1.0 was reached at a seismic coefficient of
0.053, i.e. a horizontal earthquake acceleration of about 5 per
cent gravity. Such a condition would correspond to something less
than a magnitude 6 earthquake. However, the analysis was carried
out for the maximum volume waste dump in Houth Meadows, which has
a crest elevation of 1005 m. It also assumes liquefaction of the
foundation silts. TIf the foundations did not liquefy, the factor
of-safety of the embankments would be similar to that calculated
for the Medicine Creek dump. Further investigation of the embank-
ment foundations would be needed at the design stage. If it were
established that silts and fine sands of a sufficiently low den-

sity such that they could liquefy were present, over—excavation

of the foundation might be necessary.

Pseudo—stétic analyses are only an indication of the stability of
an embankment under transient loading. Displacements during an
earthquake are a more important measure of embankment behaviour.
The displacement method of analysis was outlined by Newmark (Geo-
technique, 1965). Applying his method to these embankments, assu-
ning 2 maximum acceleration of 0.5 g and a velocity of 30 inches/
sec, we have calculated that the embankment might shift in the

downstream direction in the order of 0.6 to 1.0 m. This could be
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assoclated with small vertical crest slumping. Clearly, these
orders of displacement would be acceptable unless further studies
show that the severity of earthquakes assumed at Hat Creek are

likely to be much larger in the distant future.

Useful information on the behaviour of high embankments of simi-
lar design under earthquake loading is provided by the displace-
ments measured at the E1 Infiernillo and La Vallita Dams in Mexi-
co during an earthquake on March l4th, 1979. The magnitude of
the earthquake was 7.6, the epicentralldistance was 87 km to El
Infierniilo Dam and 108 km to La Vallita Dam. Both daws are high
rockfill structures composed of dumped rockfill outer shells,
compacted sand and gravel inner zones, and clay cores. Both
structures retain water and are founded on alluvial soils. Due to
earthquake shaking and slumping of the crests of the dams, the
observed free board losses were 13 cm and 5 em at El Infiernillo
and La Vallita Dams, respectively. At El Infiernillo, the side
slopes of the dams were 1.75 horizontal to 1l vertical and at La
Vallita, the side slopes were 2.5 horizontal to 1 vertical, the
same as proposed for the waste dump retaining embankments at Hat
Creek. Extrapolating this behaviour, therefore, it would seem
that even if the clay waste behind the retaining embankment were
to liquefy completely in an earthquake, the retaining embankments
ought to suffer acceptably small displacements for at least a
magnitude of 7.5 earthquake. These are tentative conclusions and
a more refined analysis should be undertaken during the final

design stages of the project.

The 1982 studies by Klohn Leonoff on the presence of capable
faults have not indicated any potentially damaging structures
{personal communication) at the site. The seismic monitoring

station established in 1981 is continuing to record.
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3.4 Review of Pit Slope Stability

3.4.1 Planned Program

At the outset of the 1982 field program, Golder Associates were
requested by BCH to review the question of pit slope stability particu-
larly with relation to ground water control and the concept of depres-—
surization by excavation, see Volume 1, Section 6 and Volume 6, Appendix
15 of Golder Associates report (1978). We responded in discussions at

various meetings held with B.C. Hydro and by letter during the period
January to March, 198Z.

The basis of our proposals was threefold:

{a) That pit slope stability issues should be reviewed by independent
outside soil mechanics consultants, Professor N.R. Morgenstern of
the University of Alberta and Professor P.W, Rowe of the Univer-
sity of Manchester, JEngland, both of whom are acknowledged auth-

orities on shear strength and stability aspects of clays and

shales.

(b) That the concept of depressurization should be tested by excavat-—
ing a large excavation into the claystone of the Medicine Creek
Formation and measuring the pore water pressure response using

prior installed piezometers located beneath the excavation.

(¢) That the in situ structure of the Medicine Creek Formation should
be examined either in an excavation in the wvalley bottom, or in a
large diameter auger hole of a diameter sufficient to allow
access, or via an exploratory‘adit. Samples of the formation to
be taken for shear strength testing. Re~analysis of existing

strength test data to be undertaken.
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Because of budget restrictions only a limited amount of work was
carried out in these areas. A preliminary discussion was held with Pro-
fessor Morgenstern on January 24th, 1982, in Edmonton; his opinion after
a limited briefing was that future efforts might be directed toward ob-
faining a more detailed picture of the geology of the various formations
particularly in the siltstone/claystone sequences. He referenced useful
exploration work that was being carried out in the claystones of the
Bearpaw Formation in Alberta, see Kaiser, Mackey and Morgenstern (1982).
It was intended te continue discussions with Professor Morgenstern in
persuing proposed item (c) above. However, as it was decided subsequent-
ly not to consider the excavation of test shafts or adits, no further
discussions were held and no reports or letters were issued by Professor

Morgenstern in connection with our discussion.

However, despite the cut backs in the scale of the work, we were
still able to take advantage of Professor Rowe being in Western Canada
during May 1982. After a site visit, discussions were held in Vancouver
and he subsequently considered further data on the project in the U.K.
The opinions of Professor Rowe are presented in Appendix C and are com—

mented on in Section 3.4.2.

A detailed proposal for testing the concept of depressurization
was presented verbally to B.C. Hydro on January 28th, 1982, and later by

. letter, but this proved to be too expensive at this juncture, and the

work was postponed. The scheme was later reduced in scale and reintro-
duced to monitor the behaviour of coal trench "D" that was extended just
intc the Medicine Creek Formation in the faulted syncline at the west
end of the trench. Eventually, only a visual examination of the very

limited exposures of the Medicine Creek Formation was able to be made.

3.4.2 Comments of Professor Rowe's Report

Professor P.W. Rowe of Manchester University visited the site in

May, 1982; he inspected cores, was shown around the trench excavatilons
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and examined the landslide areas, He was accompanied on his wvisit by
N.A. Skermer and G.E. Rawlings of Golder Associates. Golder Associates
geotechnical reports dated 1977 and 1978 were subsequently sent to him

for review.

Rowe's assessment of our work is described in his letter report
of September 3rd, 1982, enclosed as Appendix C. It will be seen that
Rowe agrees that the concept of depressurization is correct, but the
question at issue is how long that depressurization can be relied upon
to assist in slope stability. He points to the presence of thinm coal
layers or partings within claystone deposits and suggests that these
might have a much higher permeability than the surrounding claystone and
therefore could lead to a reduction of negative pore pressures and glid-
ing on such layers. The presence and the continuity of these layers
ought therefore to be investigated in more detail in any future studies
that are undertaken. With respect to the ground water conditions Profes-
sor Morgenstern pointed out in January that he would expect different
pore pressures at different levels in the slope and that these would be
controlled by structure. This is similar to Rowe's statement with res-

pect to the pore pressures in the coal seams.

Rowe agrees that while mass strength of the material would control
slope failures, discontinuities along which the water pressures could
dominate might in turn affect stability. With regard to the strength of
the materials, Rowe feels that for present feasibility purposes, the
strength parameters have been adequately defined, at least as far as is
practicable with these materials. However, he suggests that for final
design and before mining operations start, test techniques could be de-
veloped which would suit the particular stress conditions of this site,.

The best way to do this might be to form a research program initially,
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and Rowe has outlined the type of studies that he would favour. The
testing would be carried out very slowly and, clearly, such work would
be better carried out by a university rather than a commercial testing
organization. At a future date, we would recommend that consideration

be given to the testing along the lines that he has suggested.
3.4,3 Summary of Pit Slope Stability Results to Date

Golder Associates have recommended pit slope angles for both the
2240 MW and 800 MW pit developments. Those angles represent average
angles to which we consider the pits could be developed and are primar-
ily for the basis of mine planning. At any particular location, the pit
slope might be more or less than the overall angles currently recommend-
ed for a certain material. Detailed geological structures may give rise
to instability and result in a flattening of the slope; elsewhere,
stronger materials may lead to an overall steepening of the slopes. The
stability in the pit would be an ongoing consideration as mining devel-
ops and the mine plan must be sufficiently flexible to cope with it.

The studies carried out by Golder Associates over the period

1975/82 on the Hat Creek Project, have demonstrated that pit slope sta-

~ bility would depend on the following aspects:

~ geology - including rock material, degree of weathering/al-
teration/softening, structure (especially shearing or brecci-
ation)

= material strength

- ground water conditiouns

- rate of excavation

The successive geological and geotechnical excavations at Hat

Creek have collected sufficient data for the geology to be broadly
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described; the detail is still elusive because of the structural and
lithological complexity. The geology, as known, is adequate for feasi-
bility and early design studies. The detail can only be appreciated
from actual excavations or large scale wethods of investigation (adit,

large diameter auger hole, trench, ete.).

The ranges of material strengths are now adequately bounded. Act-
ual strengths in situ would be dependent on a knowledge of the detailed
geology. There is much more to be known about the behaviour of the mat-
erials with time, under varying conditions of stress and in different
ground water situations. Again, it will only be appropriate to carry out
this work when large diameter samples are available and the representa-
tiveness of the samples can bhe appreciated by means of a large excava-
tion. A material strength test research program should eventually be es-

tablished to form the basis of a pit slope stability monitoring program.

Ground water conditions are paramount. It has been shown concep-
tually (Golder Associates, 1978) that the stability of the slopes in the
short term (at leést) would be dependent on the development of‘negative
pore pressures on unloading. Professors Rowe and Movgenstern have sub-

stantiated this from their own knowledge of low permeability materials

~in actual slopes. The degree to which that process is a potent factor in

slope stability is dependent on the rate of dissipation of these nega-
tive pressures, that is the rate at which the water could be sucked into
the system to equalize the negative pressures and eventually to re—esta-
blish positive pore pressures. The rate of digsipation would be depen-
dent both on the geology of the slope and the changes of permeability
with time. Professor Rowe feels that the finer elements of the strati-

graphy could dominate this process.

The rate of excavation is also of importance because rapid

excavation and steep slopes would result in the development of high
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stresses in these slopes., BSevere creep, creating shear planes at or
near residual shear strength, could occur. Conversely, the material
could dilate under the high stresses and develop high negative pore
pressures producing greater stability. A program of further testing at
the design stage, augmented by an observational approach on cut slopes,

would be required.

it is apparent, therefore, that the stabiity of the slopes is not
just dependent on the inherent properties of the materials forming the
slope, but also on the sequence of excavation and the control of ground

and surface waters.

It is agreed by all the experienced geotechnical engineers who
have been involved with the Hat Creek Project that the geotechnical pro—
blems are of considerable interest and have great significance for the
stability of a major excavation. Materials of high plasticity and low
permeability, reflecting the high proportion of expansive clay minerals
{(montmorillonites) are not normally encountered in large open pit mines,
Unfortunately, Hat Creek is without parallel in scale and complexity and
hence analyses are tenuous. The projects which provide the best examples
are the Panama Canal, the Centralia Mipne in Washington State, and the
foundations of the dams in Szskatchewan and the Mid-West U.S.A.; all

have proved to he troublesome.

It must be emphasised that the open pit at Hat Creek is likely to
abound in geotechnical problems. They are unlikely to be insuperable
providing a planned, flexible approach is adopted in which due cogni-

zance is given to the geotechnical aspects described here.
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3.5 Panama Canal Slopes

3.5-1 General

It has been noted in previous reports that the Panama Canal is
the closest analogy that can be found in the literature to the proposed
excavation at Hat Creek (Golder Associates, 1978). The rocks are of com-
parable strength and permeability; they are bentonitic in part; they are
structurally disturbed; and they are overlain by a volcanic sequence.
Because of the number of slides that have developed in those excavations
both during comstruction and subsequently, there has been much published
on the problem. As Golder Associates had a project in Panama in early
1982, one of the authors of this report (G.E. Rawlings) was able to take
advantage of that situation to visit the canal., It was particularly re-
quired to compare the materials being engineered on the two projects and
to see if there were techniques or approaches being used in Panama which

could usefully be employed at Hat Creek.

3.5.2 Material Description

The generalized stratigraphic sequence is shown on Table 2.
8lides have developed within most of the sedimentary or tuffaceous
sequences, but they are conslderably more common in the Cucaracha and
Culebra Formations. Detailed stratigraphic sequences for those two for-
mations are shown on Figure 20. The rocks in the canal cuts are now
poorly exposed because they weather so quickly; the wolcanic rocks re-—
main as resistant bluffs. Cores were generally not available and would
probably have been in a poor condition due to drying out. The best expo-
sures were to be found in those areas currently being excavated (usually
by scraper)., Systematic geological descriptions of the materials are
generally lacking. There is difficulty in reconciling the descriptions
made by different people over the long history of the canal; Banks
(1978) and Banks et al (1975) have tried to plece together the various

data.
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TABLE 2 - GENERAL STRATIGRAPHIC SEQUENCE OF PANAMA CANAL, GAILLARD CUT

GEOLOGICAL FORMATIONS
AND GENERAL RELATIONS
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The role of structure has been of particular importance to engin-—
eers trying to back-analyze the fallures along the canal. Slickensiding
is obviously present at some horizons, but appears to be more common
closer to bounding faults. Slickensiding can also develop on sampling

and care has to be taken in dealing with materials for testing.

The few sequences that were seen in exposures were highly strati-
fied and bedding was the predominant discontinuity. The shales showed
strong fissility in distinction to the largely structureless claystones
of Hat Creek. According to the Panama Canal Commission (PCC) personnel,
these sequences could be regarded as typical of the formations as a
whole. The sequences appear to resemble the tuffaceous sequences of the
Eastern Escarpment/Medicine Creek area rather than the Hat Creek basin
itself.

3.5.3 Ground Water

Studies on the ground water have been made to a limited extent in
the past. Piezometric data has been obtained and monitoring on a routine
basis has been carried ocut. This has since been discontinued. Ground
water control has beeﬁ attempted primarily by the use of horizontal
drains. 1Its success was never entirely proven and it has now been dis-—
continued. Lime injection is no longer practiced. Currently, there 1is

no systematic measurement of ground water for amalytical purposes,
3.5,4 Slope Stability

{a) Panama Canal

The assessment and control of slope stability is now carried out
on a pragmatic basis. Experience is that rapid failures do not occur,
and hence monitoring to check on accelerating movements is a satisfac-
tory procedure providing that the surveilllance is regular. Simple, cheap
methods are preferred. Poor-boy probes and EDM survey are the techniques

relied upon.
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Drainage is essential to the stability of the slopes (mean annual
rainfall is 70 inches). The prevention of ingress of water by means of
table drains behind the slopes and French drains across the slopes is

preferred,

When accelerating movements are indicated, stabilization is effec-
ted by means of unloading by excavation of the upper slopes. Few other
short term methods are available. It is not possible to back-analyze
these failures with the data which is available. It must be recongnized,
however, that many of the most troublesome areas have already been cut

back to stable slopes over the long span of remedial works on the canal.

The following comments are made on the geotechmical surveillance

of the Panama Canal slopes:

= PCC currently has two separate teams covering the geological
and geotechnical aspects of the slopes. This 1s undesirable
and impractical; the two disciplines should be integrated
into one operation; the gaps in the data prove this.

- More structural data is needed, especially as it is consider-
ed that the failure mode is dependent on structure. Geophy-
sical survey could be used to define the broad structural
zones,

- More plezometers are required to define the piezometric pres-—
sures in the slopes.

- Terrestrial photogrammetry could be employed for monitoring

and geotechnical mapping.
{(b) Hat Creek

The movement monitoring techniques used on the Panama Canal could
also be employed at Hat Creek. It is likely that a practical pragmatic
approach would ultimately be used when the mechanisms of slope stability
are fully wmderstood. Quick and cheap methods are likely to be neces—

5ary.
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Drainage has already been identified as being fundamental to the
Hat Creek slopes. However, due to the large difference in precipitation
between the two areas, the extent of local drains might be less at Hat

Creek.

The experience at Panama of slides being slow-moving is useful
data to apply to Hat Creek, This has been suggested by Golder Associates
in the past and by Professor Rowe more recently; it is pow substantiared
in practice by the Panama Canal analogy. However, structural control
would differ; there are likely to be more circular failures at Hat Creek.
Whether large structurally controlled slides would alsc occur is am open
question; with our present knowledge, it would seem to be unlikely but

close surveillance would be required to verify this.

In summary, it can be stated that our knowledge of the Hat Creek
geotechnics is at least as good as that on the Panama Canal, and in many
respects (ground water for example) vastly better. OQur knowledge of the
geological structure for geotechnical amalysis at Hat Creek requires
more clarification which will only be available when large excavations
are made., However, structure is not the dominant feature that it is on

the Panama Canal.
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4.0 GROUND WATER
4.1 Previous Work

The 1977 and 1978 Golder Associates' geotechnical reports om the
Hat Creek Project presented details of the overall hydrogeology of the
Hat Creek Valley. Generally, three hydrogeological units were recogniz-—
ed, the surficial deposits, the coal, and the Tertiary sedimentary rocks
above and below the coal., Recent ground water exploration assoclated
with the drilling of wells for construction water supply purposes (Gol~
der Associates 1982A) has provided additional information on the hydro—
geology of the surficial materials in the area of Hat Creek and -Marble

Canyon.

Three surficial aquifers were encountered in the Marble Canyon
area; they were grouped under the Marble Canyon Aquifer System and are
believed to be isolated from the pit area., Near the confluence of Hat
Creek and Houth Creek a shallow aquifer (Hat Creek Alluvial Aquifer) was
identified by the investigation; it is separated by a thick silty clay
aquiclude from a deep sand and gravel aquifer (Hat Creek Aquifer). It
is believed that the Hat Creek Aquifer was a probable extension of the
Buried Valley Aquifer identified in the 1978 report located to the
northeast of the pit.

Further ground water studies were undertaken during 1982 in con-~
nection with the diversion studies. Where appropriate, these results
are included in this report, but they are also covered in the report on

the Diversion Study (Golder Associaﬁes, October 1982B).
4.1.1 Scope of Work

In order to reconsider the quantity of drainage into the proposed
pit and critically review data previously obtained the following hydro-

gedlogical work was carried ouf:

(1) Reassessment of existing piezometric and permeability data
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(2) Evaluation of the hydrogeological regime in the area to the
northeast of the pit (glacio-fluvial channel)

(3) Re-assessment of pit inflows and dewatering requirements.

4,2 Reassessment of Existing Data

4.2,1 Piezometric Levels

Piezometers to monitor ground water level fluctuations were in-
stalled during the hydrogeological field investigation between 1976 and
1978. Regular readings of ground water levels have since been recorded
by BCH staff and submitted to Golder Associates for processing. A total
of 295 piezometers (3/4-inch diameter standpipes and pneumatics) have
been monitored for the past 4 to 5 years with the data being used manu-
ally to plot ground water hydrographs. In order to facilitate manipula-
tion of the results, Golder Associates have developed a computer storage
and retrieval system and plotting routine to produce hydrographs as re-
quired. Appendix D (Volume 2) contains computer plots of these piezome-

ter hydrographs.

Analysis of the ground water hydrographs indicates both long- and
short-term changes in ground water regime at the site, Areas of ground
water rechafge (downward hydraulic gradient) and ground water discharge
(upwards hydraulic gradient) can be identified. The ground water flow
pattern in and around the pit area can be determined from these plots

and has been used in the assessment of pit inflows.

It was noted that many of the standpipe piezometers installed in
low permeability bedrock in the earlier drilling programs had not stabi-
lized with in situ ground water pressures due to the phenomena of time
lag (Hvorslev, 1951). For the low permeability bedrock at the Hat Creek
site (hydraulic conductivity 1l x 10711 to 1 x 10712 m/sec), the time re-
quired for up to 90 per cent equalization of water levels for 3/4-inch
diameter standpipes is estimated to be up to 6 years. Therefore, only

now are many of the standpipe plezometers reflecting true piezometric
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levels. With this in mind, it was necessary to prepare a revised piezo-
metric surface map for bedrock materials and surficial deposits to indi-

cate the direction and gradient of ground water flow in the pit areas,

The bedrock plezometric surface map (Figure 21) is a combilnation
of data from within various lithologic units and, as such, represents
only a generalized two-dimensional flow pattern. The map does not indi-
cate the vertical movement of ground water that is occuring within re-
charge or discharge zones. In general, the map shows little change from
that produced for the Golder Associates' 1978 Report, although many of
the piezometers have shown head changes in excess of 5 m over the time
period. These are primarily piezometers completed in lithologies with
permeabilities less than 1 x 10710 n/sec. The data from the 1982 program
for the diversion tummel (Golder Associates, 1982B} has been used to
prepare contours for the east side of the pit. The contour map indicates
a steep hydraulic gradient in this area but this may be due to the fact
that these piezometers are still stabilizing following installation and

do not reflect the true in situ piezometric elevations,

The plezometer in DDH76-150, completed within the siltstone,
sandstone, conglomerate unit (Tel) of the Coldwater Formation in the
area of the northwest pit slope 1is recording an apparently anomolous
piezometric elevation of approximately 795 m. Analysis of the hydrograph
for this piezometer indicates that near stabilization of the ground
water level has been reached. Piezometer RH77~61A~2, 100 m distant from
DDH76~-150, is indicating a piezometric elevation of approximately 810 m.
This piezometer has not yet stabilized and appears to be approaching the
piezometric level recorded in DDH76-150., These piezometric elevations
are some 60 to 65 m below neighbouring piezometers, RH77-61A-1 and 3 and
DDH76-808-1. These piezometers are completed within the same siltstone,
sandstone, conglomerate (Tcl) unit but at different horizons and indi-

cate near stabilized piezometric elevations between 859 and 872 m.
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Geologically, this area in the northwest of the pit is underlain
by a Tertiary rock sequence that dips eastward and is overlain by up to
50 m of overburden. The overburden is predominantly till and is under-
lain by burn zone material., It is considered possible that burning of
the coal at outcrop resulted in unloading of the underlying material;
the reduction in normal load is likely to have produced an expansion of
the material and an immediaie decrease in pore water pressure. Due to
the low hydraulic conductivities of the bedrock, these reduced piezome-
tric pressures have not yet equalised to the higher pressures observed
in neighbouring piezometers. This could be a practical example of the
process which it is anticipated would be crucial to the stability of the
slopes (see Section 3.4.2).

Figure 22 presents a contoured map of the piezometric surface of
the surficial materials over the mine site, including 1982 data and in-
formation from the 1981 construction water supply program. It is seen
that the general direction of ground water flow in this area is to the
north-northwest or north under a hydraulic gradient of approximately
0.025. This figure shows very little change from the Golder Associates
1978 Report.

An examination of the individual piezometer hydrographs (Appendix
D) provides the following conclusions regarding the short-term ground

water fluctuations at the Hat Creek site.

(1} Bedrock and overburden piezometers in the Medicine Creek and Tra-
chyte Hills area show seasonal fluctuations of approximately 2 m.
Highest ground water levels are recorded in June/July with lowest
levels in February to May. There is a rapid rise in ground water
levels, indicative of a relatively high permeability in the early
summer (period of ground water recharge) probably associated with
the snow melt followed by a slow decline thoughout the summer and

autumn and winter, due o release of ground water from storage.
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(2) Shallow piezometers in bedrock in the north central area of the
pit near Houth Creek show a similar seasonal variation, with a
late winter minimum and spring/summer maximum. Indirect recharge
from Hat Creek during high flows and recharge associated with
snow melt is probably responsible for the rise in ground levels.
Permeability testing in these piezometers indicates a relatively
high k of between 1 x 1070 to 1 x 1078 m/sec.

(3) It was earlier reported that a seasonal fluctuation of up to 3 m
was seen in many piezometers. <Closer examination of the indivi-
dual hydrographs reveals that standpipe piezometers completed in
low permeability lithologies (claystones, siltstones, and coals,
k<1 x 10710 m/sec) have not shown any significant fluctuations
over the 5-year monitoring period. Several pneumatic piezometers,
completed within similar lithologies have indicated a seasonal
fluctuation in piezometric levels of between 0.5 and 3 m. However,
with a reading resolution of +0.5 m, their senstivity to detect
seasonal changes is limited. Professor Rowe considers it possible
that the seasonal response observed may be due to presence of
small permeable fractures within the bedrock (see Appendix C).

(4) A number of piezometers located either in the Houth Meadows area,
or north of the proposed pit, showed a significant dee¢line in
ground water levels during late summer 1981 (see Table 3). During
autumn 1981, some plezometers showed only partial recovery, while
others continued to decline and as of spring 1982 none of these

plezometers had recovered to spring 1981 levels.,

The decline in ground water levels iIn this area is considered to
be due to the pumping of Well PWl (screened within the Hat Creek
Aquifer) during July 1981 as part of the construction water sup-
ply program. The pump test data and the response of the piezome-
ters in Hat Creek and Houth Meadows provides valuable hydrogeolo-
gical information for the understanding of the ground water re-—
gime in the surficial and bedrock materials to the north of the
proposed pit.
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TABLE 3

Summary of Piezometric Data
Houth Meadows/Hat Creek

Piezometric Piezometric
Piezoneter Level Level Decline in
No. June 1981 December 1981 Water Level Lithology
(m) (m) (m)
DDH7 6-813-1 840.8 831.0% 9.8 Sand and gravel
DDH7 7-829-1 B46.7 842.1 4.6 Limestone
DDH7 7-831-1 867.9 866.5 l.4 Limestone
DDH7 7-834-~1 840.7 836.9 3.8 Limestone
DDH7 7-835-1 840.4 836.3 4.1 Limestone
DDH7 7-835-1 841.1 837.5 3.6 Silty sand

* Recorded in August 198l.
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Figure 23 shows the wells drilled in the northeast area, while
Figures 24 and 28 show hydrogeological cross-sections along the
Hat Creek valley in the area of the northern pit rim and Houth
Meadows. Piezometric information both before and after pumping of
Well PWl, where available, is included on these sections. Figure
29 shows contours on the base of the surficial deposits in the
same area drawn on the basis of the drilling and geophysical sur-
vey. It is seen that during the pre-pumping period, the piezome-
tric level in the Hat Creek aquifer was above ground surface re-
sulting in flowing conditions in Wells OW4 and PW1. Well PWl was
punmped for a period of eight days at a rate of 420 U.S5. gpm (26.5
1/8) and resulted in a drawdown of approximately 30 m in the well
and a drawdown of 19.5 m in OW4 at a radius of 21.5 m. Stabiliza-
tion of water levels within Wells PW1l and OW4 did not occur dur-
ing the pump test. Following the cessation of pumping, both wells
recovered slowly taking up to two weeks to recover to 90 per cent
of original static water levels., Piezometer DDH 76-813-1 instal-
led within sands and gravels approximately 350 m from PW! indica-
ted a plezometric level in the middle of August 1981, 9.8 m lower
than in June 1981 (see Table 3). Previous years' monitoring (1977
to 1980) had not indicated any significant fluctuations at this
time of year. Since pumping of Well PWl ceased on July 28th, the
August reading in pilezometer DDH 76-—-83-1 reflects a partially re-
covered piezometric level. It is determined from distance/draw-
down calculations that the maximum drawdown induced in this pie-

zometer due to the pumping of PW1l could have been 14 m.

Piezometer DDH 76-8l4-2 located approximately 750 m from Well PW1
(see Figures 23 and 24) showed little change from June to August,
1981. Tt is estimated from distance/drawdown calculations that if
this piezometer had heen completed in material in direct hydrau-
lic connection to the well, a drawdown response of approximately
8 m would have been recorded. It 1s considered that a direct

hydraulic connection between the sands and gravels present in

Golder Associates



December, 1982 30 822-1524

borehole DDH 76-814 and the Hat Creek aquifer does not exist. A
relatively impermeable layer of silty sand and clay detected in
borehole DDH 76-813 (see Figure 24) likely restricts movement of
ground water between the two zones.

Piezometer DDH 76-814-1 is located in the siltstone/sandstone
Coldwater Formation (Tcl)., The water level in this piezometer
has declined since installation in 1977, declining approximately
0.5 m» from June to August 1981, The decline from June to August
1981 is not considered due to the pumping of Well PWl, but due to
stabilization of the piezometer water level with the in situ
ground water pressures following installation (see ground water
hydrographs in Appendix D).

During late 1981/early 1982, the water level in piezometer DDH
76—-813-1 recovered to approximately 80 per cent of the pre-pump-
ing level. At this time, Well OW4 was flowing at between 20 and
30 U.S. gpm (1.3 to 1.9 1/s) at the surface due to a drawdown of
approximately 3 m at the well head., Well PWl was not flowing at
the surface due to the installation of above ground casing., Tt is
calculated that the natural overflow of Well OW4 would result in
a drawdown of approximately 2.8 m at a radius of 350 m, based cn
the transmissivity obtained from the early pump test data of Well
PW1l. This would therefore account for the less than full recovery
of the water level in piezometer DDH 76-813-1. Basing the same
calculation on the transmissivity obtained from the later pump
test data from Well PWl, a minimal drawdown would have been indu-
ced by the overflow of Well OW4. In this case, the less than full
recovery of the water level could be due to removal of ground
water from storage. The slow rate of recovery of both Well PWI
and OW4 following pump testing indicates a limited recharge to
this aquifer.

Figure 25 presents a hydrogeological section approximately west

to east from Houth Meadows to Hat Creek. It is seen that the pump
testing influenced plezometric levels within the surficials and
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limestone bedrock in this area. The earliest available water lev-
el readings following pump testing are for December 1981, some 5
months after pumping had ceased, see Table 3. These water levels
probably represent partially recovered piezometric levels. The
response of piezometers within both the silty sand and limestone
bedrock indicates a hydraulic connection between these zones and
the Hat Creek aquifer. Piezometric levels within the silty sand
and limestone have not fully recovered to the pre-pump test lev-
els reflecting the slow rate of recharge to both units and con-
tinual overflow from Well OW4, It is recommended that further
testing and more widespread monitoring should be carried out when
a permanent pump is installed in Well PWl to assess the regional
drawdown within the Hat Creek Aquifer and limestone underlying
Houth Meadows.

4.2,2 Permeability Data

As a result of the non—equalization of water levels in standpipe
piezometers completed in low permeability materials, it was necessary to
re—evaluate some of the permeability tests detailed in the 1978 report.
It was found that earlier analyses had assumed stabilized ground water
levels which have not been substantiated by the subsequent monitoring.
The currently recorded levels are in many cases lower than the projected
equilibrium levels. Following a check of all permeability tests previ-
ously carried out, it was seen that a total of 17 of the rising and fal-
ling head permeability tests required re-analysis. For this re—analysis,
the currently recorded ground water level was taken where it was consid-
ered that it represented the stabilized ground water level. Where it was
considered that stabilization had not been reached, then the projected
stabilized ground water level was used in the analysis. The remainder of
the permeability data collected during previous programs does not re-
quire re—analysis and is considered representative of the lithologies
tested. The revised estimates of hydraulic conductivities for the bed-
rock materials are used to assess ground water inflow into the proposed

pits (see Sections 4.4 and 4.5).
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The re-analysis included data from piezometers located in various
lithologic units, including:
i) Medicine Creek Formation - (upper siltstone/claystone — Tcu)
ii) Hat Creek Coal Formation - (A-zone siltstone and coal - Tce)
iii) Coldwater Formation — (lower siltstone-sandstone-conglomerate
- Tecl)

iv) Coldwater Formation - (conglomerate - Tcoj)

The data was analysed according to the Hvorslev method. The re-
sults of the current re—analysis, together with the previocusly calcula=-

ted values of hydraulic conductivity are presented in Table 4.

In general, the reassessment of the permeability test data resul-
ted in a calcuated hydraulic conductivity one to two orders of magnitude
lower than the 1978 estimares. Table 5 presents a summary of all falling
head tests carried out on bedrock units at the Hat Creek site, including
those obtained from the re—-analysis. In general, there does not appear
to be a significant change in the overall median value of hydraulic con-

ductivity for each lithologic unit compared with the 1978 report.

4.3 Data Acquired from 1982 Program
4,3.1 Glacio-fluvial Channel

A north-south trending glacio—fluvial channel was identified in
the 1978 report as being present, underlying the northeast area of the
proposed pit. A drawing presented in the 1978 report (Drawing 2 "Con-
tours on the Base of the Surficial Deposits”) indicated a deep but wide
"low' in the top of the bedrock surface, extending north-south with the
valley deepening northward. The thickness of surficial material within
this zone was proved to be at least 180 m (borehole DDH 78-870). The
material was identified as interbedded gravel, sand and silt. Tills were
cften shown to be present at the base of the buried valley. Falling head
permeability tests carried out in DDH 78-870 indicated the hydraulic
conductivity of the materiazl to range between 1.2 X 1078 m/sec and 5.7 x

1079 g/sec,
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TABLE 4

Summary of Hydraulic Conductivity Re-analysis

Piezometer Hydraulie Conductivity (m/sec)
No. Lithologic Unit 1978 Report Recalculation

Medicine Creek Formation:

DDH78-870~-1 Clayey Siltstonme (Tcu) 1.0 x 10712 9,3 x 10713

DDH78-867-1 Clayey Siltstone (Tcu) 1.9 x 10”11 8.8 x 10-13

DDH77-843~1 Sandstonz {Tcu) 1.8 x 10711 1.6 x 10”12

DDH77-846-1 Sanstone (Tcu) 1.1 x 10710 4,1 x 10711

DDH76-815-1 Siltstone (Tcu) 1.5 x 10”10 4.0 x 10711

Hat Creek Coal Formation:

DDH77~236~1 Sandstone 1.4 x 10711 2.8 x 10712
A-Coal (Tec)

DDH77-256~1 Claystone 8.8 x 10712 4.8 x 10712
A-Coal (Tcc)

Coldwater Formation:

DDH76-150-1 Sandstone 4.5 x 10~9 8.9 x 10713
Siltstone (Tcl)

DDH77-240~1 Sandstone No analysis 1,0 x 10712
Siltstone (Tcl)

DDH78~865-2 Siltstone, Sandstone 3.7 x 10710 4.6 x 10712
Conglomerate (Tel)

DDH78-865-3 Sandstone, 1.3 x 10710 4.9 x 10712
Siltstone (Tel)

DDH77~842~1 Conglomerate (Tcoi) 1.4 x 10710 2,6 x 10712

DDH77-851-1 Conglomerate (Tcoy) 3.8 x 10711 1.5 x 10711

DDH77-849-2 Sandstone (Tcs) 3.4 x 10711 4,4 x 10712

DDH77~849-1 Conglomerate (Tcoj) 8.5 x 10712 7.4 x 10°13

DDH78-868-1 Sandstone 3.7 x 10710 1.3 x 10~12
Siltstone

Cache Creek Formation:

DDH78-858~1 Sandstone 8.7 x 10711 1.0 x 10711




TABLE 5

Summary of Results of Falling Head Tests on Bedrock Units

Lithologie Number Hydraulic Conductivity Range (m/sec)
Unit of Tests From To Median Value

Medicine Creek Formation:

Upper Siltstone
Claystone (Tcu) 17 8.8 x 10”13 1.0 x 10-6 4.0 x 10711

Hat Creek Formation:

A Zone Siltstone

and Coal (Tcc) 5 2.8 x 10712 2.6 x 10710 3.0 x 10711
B Zone Coal (Tce) 3 2.0 x 1077 5.0 x 1077 4,0 x 1077
C Zone Siltstone

and Coal (Tcc) 13 3.0 x 10711 3.0 x 1078 1.4 x 10710
D Zone Coal (Tce) 12 5.0 x 10711 1.0 x 1076 6.0 x 1078

Coldwater Formation:

Lower Siltstone-$Sandstone
Conglomerate (Tcl) 15 9,0 x 10-13 1.0 x 107 3.0 x 10-11

Conglomerate (Tcoj) 4 2.6 x 10712 1.3 x 10-10 5.0 x 10-11

Cache Creek Formation:

Limestone 7 1.2 x 10°°2 1.0 x 1074 3.0 x 1078
Greenstone 5 4.0 x 10719 5.0 x 1077 1.8 x 1077

Tertiary Basalt 5 2.3 x 10711 1.8 x 1076 7.0 x 1079
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Subsequent well drilling for the Construction Camp Water Supplyl
in 1981 identified a sandy gravel aquifer (Hat Creek Aquifer) up to 43 m
thick in boreholes PWl and OW4 in Hat Creek valley to the north of the
proposed pit. This aquifer was encountered at approximately elevation
770 m but was not fully penetrated. The boreholes were both screened in
this aquifer and pump tested at rates of between 113 to 420 U.S. gpn
(7.1 and 26.45 1/s). Following the pump testing of Wells PWl1 and OW4,
it was suggested that further investigation be carried out on the ground
water regime in this area to ascertain whether there could be any ad-
verse ground water impact on the open pit (Golder Associates 19824) as a

result of the presence of that aquifer.

The 1982 ground water investigation program was thus designed to
provide a more definitive understanding of hydrogeological conditions to
the north and northeast of the proposed pit., A staged program consisting
of geophysical surveys, well drilling and analysis of ground water hy-
drographs (see Section 4.2.1) was undertaken to define both the geometry
of this aquifer and the potential ground water inflow into the pit. A
geophysical survey, conducted by Geo-Physi-Con was run on the north and
east sides of the proposed pit to define the extent of the glaciofluvial
channel and to aid in the location of boreholes designed to intersect a
maximum thickness of overburden. The results of the geophysical survey

have already been presented separately to BCH (Geo-Physi-Con, 1982).

The drilling program following the Geo-Physi~Con geophysical sur-—
vey was planned so that if drilling identified significant ground water
flows, well screens could be installed in the boreholes and the cbmplet—
ed wells pump tested. The drilling of two boreholes was carried out by
Drillwell Enterprises Ltd. of Duncan, B,C., under the supervision of
Golder Associates during June 1982. The boreholes were located close to
the northeast pit rim as shown on Figure 23 and were drilled by the air-
rotary method. Both boreholes were started in 254-mm (10-inch) diameter,
then reduced to 203-mm (8-inch) diameter at 42.8 m (140 ft). Soil sam-

ples or rock cuttings were collected every 3 m (10 ft) for description.
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Borehole RH 82-102 was drilled to a total depth of 201.3 m (660
ft) and encountered bedrock at 190.8 m (626 ft). Borehole RH 82-103 was
drilled to 189.0 m (620 ft) with bedrock encountered at 175.6 m (576
ft). In both boreholes, bedrock was identified as a clayey siltstone.
The surxficial deposits consisted of silty sand and gravel with layers of
silt and clay. Immediately overlying bedrock in both boreholes was a
dense clayey silty sand and gravel till. The two boreholes are both lo-
cated in the vicinity of borehole DDH 78-870 drilled in an earlier pro-
gram, The log from this borehole indicates a similar sequence to that
proved in the two boreholes drilled this year. Figure 28 shows a hydro-

geological cross section in this area of the pit.

As no significant ground water flows or highly permeable zones
were encountered during drilling, the boreholes were completed with
standpipe piezometers rather than well screens; no deposits worthy of
screening and pump testing were found. ©One plezometer was installed in
RH 82-102 and two in RH 82-103. The piezometers consisted of a l.2-m
(4-ft) long, 25-mm {(l-inch) diameter slotted PVC tip attached to a 19-mm
(3/4-inch) diameter PVC standpipe. Gravel was used as a filter around
the tips and as backfill between piezometer locations. Bentonite seals
were used to isolate the plezometers in different zones in the bore-

holes.

Hydraulic conductivity testing was carried out in piezometers RH
§2-102-1 and RH 82-103-1 in September 1982, No testing was carried out
in RH 82-103-2 since this piezometer was blocked 1.6 m below the sur-
face. The cause of the blockage is unknown, Prior to testing, piezome-
ters were monitored periodically in order to determine stabilized piezo-
metric levels, The testing involved pouring a slug of water down the
standpipes and monitoring the decay of water levels until approximately
80 per cent of the excess head had dissipated. The data was analysed
according to the method described in Hvorslev (1951).
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Analysis of the data indicates the hydraulic conductivity of the
tested material, predominantly silty sand and gravel, to be between 9 x
1077 m/sec and 10 x 10~/ m/sec. Table 6 summarizes the details of the
testing.

The logs of the boreholes and details of the piezometer installa-
tions are included in Appendix E.

The results of the geophysical and hydrogeological investigations
carried out in the north and northeast areas of the pit now provide a
more detailed understanding of geology and ground water regime in this
area. It is seen that the glaciofluvial channel deepens northwards in
this area of the pit and then appears to swing north-northwest to co-
alesce with a second bedrock channel in the area of the confluence of
Houth Creek and Hat Creek (see Figure 29). In the area of the northeast
pit rim, drilling has proved up to 190 m of overburden. Drilling in the
Hat Creek Valley, north of the pit, did not fully penetrate the overbur-
den; a thickness of at least 116,7 m (PWl) being proved. The geophysical
survey indicated an overburden thickness of at leasﬁ 120 m in the area
of Well PWI.

The overburden infilling the two channels is seen to be of dif-
fering composition. In the area of the northeast pit slope, overburden
is principally a silty sand and gravel with occasional lenses of silty
clay. Overlying bedrock, boreholes DDH 78-870, RH 82-102 and RH 82-103
identified a till layer (clayey silty sand and gravel) between 4.9 and
15.8 m thick. The surficial silty sand and gravel can be traced north-
wards from the pit and appears to pinch out and grade into a silty clay
with thin fine sand laminae. The silty clay with fine sand is underlain
by coarse sand and gravel (Hat Creek Aquifer) composed predominantly of
limestone fragments. It is considered that the coarser material found at
depth in the Hat Creek Valley is probably derived from erosion of the
limestone area to the west of the pit, whereas the silty sand and gravel
materials present in the northeast pit slope probably are the result of
erosion of weaker volcanic outcrops to the east of the pit.
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TABLE 6

Summary of Hydraulic Conductivity Testing, 1982 Program

Piezometer Time Length of Diameter of Hydraulic
No. Lag Gravel Pack Gravel Pack Conductivity
(secs) (m) (m) (m/sec)
RH82-102~1 65 2.3 0.203 9 x 1077

RH82-103-1 215 3.6 0.203 2 x 107
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From the evidence available, it appears that the Hat Creek sand
and gravel aquifer is of limited extent and pinches out as it approaches
Houth Meadows and the nortrhern edge of the pit. The aquifer is overlain
in Hat Creek by a thick layer (up to 60 m) of impermeable silty clay.
Recharge to the Hat Creek aguifer is limited and appears to be princi-
pally derived from downward leakage from the silty sand and upward leak-
age from the limestone in the Houth Mesadows area. The pump test has sig-
nificantly impacted the piezometric level within this aguifer since mon-— -
itoring indicates that recovery to pre-pumping levels has yet to occur.

Surficial materials that will be exposed in the pit slopes to the
north and northeast of the pit are principally silty sands and gravels,
interbedded clays, silts and fine sands and basal tills (see Figures 26
and 27). Ewvidence from the two boreholes drilled in the 1982 program
(RH 82-102 and RH 82-103) indicates that the overburden materials in the
northeast pit are not likely to yield large quantities of ground water.
Hydraulic conductivities determined from falling head tests are between
9 x 1077 m/sec and 1 x 1077 m/sec for silty sand and gravel. Recharge
to these materials is probably via infiltration of precipitation on the
eastern slopes of the valley and seepage from the underlying bedrock.

An unusuval feature has been noticed in the two boreholes drilled
in the northeast pit area: a flow of alr or gas intermittently emanates
from the casing annulus around the piezometers. An analysis (B. Dutt,
personal communication) shows tﬁat it is cowposed primarily of CO9 with
some minor constituents; there is no indication of methane. It is be-
lieved that it results from flow through air-permeable material from a
zone of higher external pressure either higher or lower on the hillside
to the exploratory well, Itz could be expected to have a pattern of diur-

ual variation. It indicates a permeable pathway through the glacial
deposits.

4.4 2240 MW Pit
4,4,1 Pit Inflows

The previously detailed hydrogeological work has provided the
framework for the critical reassessment of the quantity of ground water
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draining into the proposed pit. Ground water inflows would be derived
from the bedrock materials exposed in the plt slopes and the overlying

surficial materials.
4,4.2 Bedrock Inflows

The re-evaluation of the permeability data for the bedrock units
indicates that the median hydraulic conductivities of the bedrock that
would be exposed in the pit slopes would range between 4 x 1077 m/sec
and 3 x 10~1! m/sec. Based on these values, it is calculated that ground
water inflow for the final 35-year pit might range between 1.7 x 1071
m3/sec and 1.25 x 1075 m3/sec. The figure for bedrock inflow of 1.7 x
1073 m3/sec presented in the 1978 report was considered the average am-—
ticipated inflow for the 35-year pit. It is considered that the bedrock
inflows would attain the upper bound inflow quantities on a long-term
basis, but for design purpcses it would be advisable to select a system
to handle this quantity of ground water inflow.

During the life of the pit, bedrock inflows would increase to the
maximum quantity Indicated above. Table 7 presents ranges of anticipated
bedrock inflows for iInterim pits based on the range of bedrock hydraulic
conductivity previously stated,

TABLE 7
Anticipated Bedrock Ground Water Inflow — 2240 MW Pit

Year Inflow m3/s

Maximum Minimum
5 1.8 x 102 1.35 x 1079
15 6.0 x 1072 4,55 x 1076
25 1.3 x 1071 1.00 x 1072
35 1.7 x 1071 1.25 x 107>

4.4.3 Surficial Inflows

In the northeast area of the pit, overburden exposed in the pit
slopes would be principally granular material including sand, gravel and
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some silty clay. A till layer up to 15 m thick is present at the base of
the surficials. The saturated thickness of the overlying units (silty
sand and gravel) is estimated as between 35 and 40 m. From in situ per-
meability testing, hydraulic conductivity of these units range between 9
x 1077 to 6 x 1072 m/sec. The ground water table presently slopes gently
to the northwest under a gradient of 0.025, but a reversal in flow dir-
ection would occur when the pit is opened up with ground water flow dir-
ected toward the pit. It is calculated that the ground water inflow to
the ultimate pit might reach a maximum of 1.8 x 1073 m3/sec after 35

years from the surficial sediments to the north and northeast of the
pit. Steady state inflows associated with the interim pits are shown on
Table 8. These calculations are based on a hydraulic conductivity value

of 1x1076 m/sec and represent maximum anticipated flows.

TAELE 8

Anticipated Ground Water Inflows From Surficial
Sediments to North and Northeast - 2240 MW Pit

Year Inflow m?ig
5 4,0 x 1073
15 5.8 x 10~4
25 1.8 x 1073
35 1.8 x 1073

The replacement of the Hat Creek Diversion Canal by a pipeline or
a2 lined tunnel would reduce the estimated ground water flow derived from
surficial sediments to the east of the pit from the 1978 estimate. It is
estimated that ground water inflows into the 35-year pit would be reduc-
from 9.6 x 1073 m3/sec as reported in 1978 to 5 x 1073 m3/sec. Table 9
summarizes the calculated steady-state inflows associated with the in-
terim pits, It 1s anticipated that steady state inflows to the pit would
not increase after 25 years since the configuration of the pit within
the surficials to the east of the pit shows little change after this

time.
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TABLE 9

Anticipated Ground Water Inflows From Surficial
Materials To East of Pit - 2240 MW Scheme

Year Inflow m?ig
5 1.2 x 1073
15 1.0 x 103
25 5.0 x 10~3
35 5,0 x 1073

To the north of the pit, the shallow Hat Creek alluvial aquifer
would be cut by the pit. This aquifer would initially drain into the pit
at an estimated ! x 1073 p3/sec, but this quantity would decline with
time as the aquifer drains northward. The deep Hat Creek aquifer is not
anticipated to provide ground water inflow into the pit due to its lim—-
ited extent. Inflow to the socuth of the pit would show no change from
the value given in the 1978 Report (4.5 x 1073 m3/sec) and is not con-
sidered to vary with time. To the west of the proposed pit, ground
water inflow would show only small increases with time from an estimated
1 x 1073 n3/sec after 5 years to 5 x 1073 n3/sec after 35 years. Total
surficlial ground water inflow to the pit of 5.7 x 1073 m3/sec is antici-
pated for the 35~year development.

A summary of the average anticipated ground water inflow for the
2240 MW Pit is shown on Figure 30. This figure was initially presented
in the 1978 report but has been altered to depict the better understand-
ing of the surficial sediments to the north and northeast of the propos-
ed pit.

It must be emphasized that in spite of considerable information
obtained at the Hat Creek site, there are still uncertainties regarding
the hydrogeclogical characteristics of the bedrock and overburden mater-
ials; this is only to be expected at this stage with such complex geo-
logy., In this light, a range of anticipated ground water inflows rather
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than average quanitities has been presented for bedrock inflows. It is
anticipated that short-lived ground water Inflows in excess of average
quantities are likely to occur. These short-lived inflows are likely to
be the result of the opening up of faults, more permeable zones within a
coal sequence or the presence of small permeable gravel pockets within
the overburden not detected during drilling and permeability testing.
These short-lived higher inflows might resulf in a greater quantity of
ground water entering the pit instantaneously than anticipated in the
dewatering design. In order to counteract these occasional higher in-
flows, consideration must bte given to sizing the facilities to deal with
these eventualities. However, both sedimentation and leéchate ponds are
capable of staged increases in size. It is recommended that the high end
of the ranges of anticipated flows be used and the the flows be monitor-
ed in the early years to check against the design storages. The pit it-
self could act as a sump where very short duration excess flows could be

stored, thus avoiding oversizing pumps unnecessarily.
44,4 Dewatering

Previous sections of this report have identified areas of the Hat
Creek Coal Project where additional hydrogeological data has been ob-
tained during the 1982 invesﬁigation. In this section, the recalculated
average anticipated ground water inflows detailed in Sections 4.4.2 and

4.4,3 are used to determine the dewatering requirements for the pit.

In general, the quantity of ground water requiring pumping is only
slightly lower than that presented in the 1978 report. A flow chart in-
dicating dewatering requirements and mine seepage for the 2240 MW Pit is
shown on Figure 30. If this system were adopted, the estimated steady
state pumping from wells around the final pit perimeter (2240 MW Scheme)
would be 1.16 x 1072 m3/sec. A limited proportion of ground water would
escape the dewatering system and enter the pit. This quantity is estima-
ted as 7.4 x 1073 m3/sec and would require handling by in pit drains and

sSUmps .
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The changes made to the 1978 dewatering design are primarily rela-
ted to the handling of ground water inflows from surficial sediments to
the north and northeast of the pit. The hydrogeological drilling program
carried out in this area identified sediments of relatively low permeab-
ility that were unsuitable for screening and pump testing. Therefore,
the use of wells to control ground water inflows from this area is con-
sidered unsuitable and inflows would require handling via in-pit sumps.
Inflows derived from the Hat Creek alluvial aquifer from the north would
also be allowed to seep into the pit as wells are considered unsuitable
due to the limited depth of this aquifer and the fact that inflows from
this direction would decline with time due to natural dréinage northward
of the aquifer. A contingency for some wells should nonetheless be made

in the costing.

To the east of the pit, the replacement of the Hat Creek Piversion
Canal by a pipeline during the operational phases for both schemes would
reduce the ground water inflows presented in the 1978 report by approxi-
mately 50 per cent., M¥o contribution would be provided by the recommended
diversion arrangement. The 1978 report indicates that the anticipated
ground water inflow could be handled by a series of wells around the pit
perimeter. In the light of the hydrogeological investigations to the
northeast of the pit, wells might not now be suitable as a means of de-
watering. Since no additional hydrogeological information is available
in this area, the wells presented in Figure 30 are tentative. Further
exploratory well drilling could be carried out during early construction
to the east of the pit to examine, in more detail, the suitability of
the overburden materials for screening and well completion. Assuming a
well dewatering system were feasible, an allowance has deen made for

eight 200-mm diameter wells spaced at approximately 200 m centres.

For the areas to the south and west of the pit, anticipated ground
water Inflow and necessary dewatering requirements remain unchanged from
the 1978 report. The data has been re—evaluated but in the absence of
more detail, there is no justification for revising the earlier predic-

tions.

Golder Associates



December, 1982 42 822-1524

4.5 800 MW Pit
4,5.1 Pit Inflows

Ground water inflows into the proposed 800 MW pit have been cal-
culated based on similar hydrogeological parameters to the inflow calcu-
lation for the 2240 MW pit. Overall, inflows to the 800 MW pit are re-
duced due to shallower depths of pit and less exposure of surficial

materials to the east and west of the pit.

Ground water inflows to the ultimate pit derived from bedrock are
anticipated to range between 3.2 x 1072 m3/sec and 2.4 x 1076 m3/gec.
Average ground water inflows from bedrock are calculated as 1.7 x 1074
m3/sec. It is considered prudent to base a dewatering design on the
higher figure since most of the material exposed in the pit faces would
be coal with a relatively higher hydraulic conductivity than the silt-
stones and claystones, Ground water inflows derived from bedrock have
also been calculated based on interim pit developments. This is presen—
ted in Table 10.

TABLE 10
Anticipated Bedrock Ground Water Inflows — 800 MW Pit

Year Maximum Minimum
n3/sec
5 3.0 x 1073 2.7 x 1077
15 8.4 x 1073 6.3 x 1077
25 1.6 x 1072 1.2 x 1070
35 3.2 x 1072 2.4 x 1076

Ground water inflow from the surficial sediments is also reduced
due to the pit configuration. The shallow Hat Creek alluvial aquifer is
expected to provide 1.0 x 1073 m3/s inflow to the pit. This inflow would
decline with time as the aquifer drains naturally northward. Inflow from
the surficial sediments to the north and northeast of the pit would be

limited since most of the saturated materials exposed are anticipated to

Goider Associates
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be tills and interbedded clay, silts and fine sands. Ground water inflow
from this area is calculated to be a maximum of 5.6 x 1073 m3/8ec into
the ultimate pit. Inflow from the eastern pit slopes is calculated to
be 2 maximum of 2 x 1074 m3/s into the ultimate pit.

To the south of the pit, the anticipated ground water inflow
would not be reduced from the estimate provided for the 2240 MW pit (see
Section 4.4.3). This is calculated as 4.5 x 1073 m3/seco However, in
the smaller scheme, the diversion dam for the pipeline intake would bhe
much closer to the pit and seepage control wells have been allowed for

at the downstream toe of this structure.

On the western pit slopes, the slide zone would not be intercept-
ed by the pit excavation and inflow would be principally derived from
the surficial materials, It is calculated that inflows from this source
would reach a maximum of 7 x 1074 m3/s after 35 years.

Total ground water inflow from surficial materials surrounding
the 800 MW pit is, therefore, estimated to be 3.4 x 1073 m/sec by the 35
year pit development.

4.,5.2 Dewatering

The dewatering requirements for the 800 MW pit are considerably
reduced from the 2240 MW pit scheme. Much lower quantities of ground
water inflow are anticipated as presented on the mine seepage and dewat-—
ering flow chart (see Figure 31). Wells would only be required for the
surficial materials south of the pit and for the bedrock within the pit
area due to the low inflow quantities. It is estimated that the total
quantity of water pumped from surficials would be 3.1 x 1073 m3/sec with
total seepage into the pit from the surficial materials of 3.4 x 1073
m3/sec. Ground water inflow from bedrock seepage would require handling
either via wells, drains or sumps., It would be necessary to intercept
as much ground water as possible before it enters the pit to maximize
the quantity of water which would not require treatment.
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5.0 FURTHER WORK REQUIRED

At the time of writing (December 1982), the Hat Creek Project has
been placed on hold and no further programs are planned in the foresee-
able future. However, the Hat Creek coal deposits are a major resource
and there can be no doubt that they will eventually be exploited by one

means or another.

There are many geotechnical areas which require the collection of
more data and further analysis with possible consequent implications for
design. However, it is now felt that such further work would be inappro-
priate until a major excavation is undertaken from which in situ data
could be obtained on the low permeability claystones and siltstones.
This could be part of the initfial excavations for the project for it
would surely be costly. However, there would be considerable interest
in being able to carry out some developmental work aspects such as slope
monitoring, depressurization and slope drainage prior to the initiation

of the project.

Professor Rowe has recommended (see Appendix C) that large dia-
meter samples should be obtained on which detailed sophisticated labora-
tory testing could be carried out. These samples would also be best
obtained from major excavations but consideration could be given to
obtaining them from adits or large diameter auger holes prior to the
commencement of the project.

)

When the project is revived, these aspects should be considered

along with the proposed schedules.
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Figure
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Figure

HISTOGCRAM OF DISCONTINUITY
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Figure 1

HISTOGCRAM OF D/ISCONTINYITY
DDH 77-847

O/P VALUES, EAST S/DE OF PIT
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Figure 12

HISTOGRAM OF DISCONTINUITY
DOH 77 -843

OIP VALUES, EAST S/IDF OF P/IT
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Figure

HISTOCKAM OF O/SCONTINYITY
DOH 77-8456

DIP VALUES, EAST S/DE OF PIT
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Figure 16

HISTOCRAM OF OD/SCONTINUITY
PDH 78-867

D/IP VALUES, EAST S/0E OF PIT
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Figure

HISTOCRAM OF DISCONTINUITY
DOOH 77-870

O/IP VALUES, EAST SIDF OF PIT
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APPENDIX A

STABILITY OF MEDICINE CREEK WASTE DUMP
UNDER SEISMIC LOADING
(Letter from N.A., Skermer to B.C. Hydro)



Golder Associates -

CONSULTING GEOTECHNICAL AND MINING ENGINEERS

COPY

E/81/2049
November 16th, 1981

Dr. G.F. Lange, P. Eng.
Director of Mining

Thermal Division

B.C. Hydro and Power Authority
P.0. Box 12121

555 West Hastings Street
Vancouver, B.C.

V6B 4T6

Re: Hat Creek Project
Seismic Design Criteria

Dear Sir:

This letter summarizes our findings on pseudo-static stability
analyses of major waste dump slides under earthquake loadings as suggested
in our letter of October 8th, 1981, and later verbally authorized by you.
The object of the analyses was to provide Klohn Leonoff with an indication
of the sensitivity with respect to horizontal earthquake accelerations.

We analyzed the Medicine Creek waste dump on what is believed to be
a critical section through the south abutment, see Figure 1 attached. The
maximum volume dump was analyzed, although I realize that your present min-~
ing plan calls for a smaller {(and therefore less critical) dump in Medicine
Creek. Our analysis is for a retaining embankment crest elevation of 1200
m. The section analyzed is shown on Figure 2, The slip surface passes
through the clay waste at the base of the dump and emerges downhill through
the foundations of the retaining embankment. The input strength parameters
for the clay waste are as given on Figure 1! of our 1978 report Volume 1,
and the strength of the foundations been approximated by @'=30 degrees, C'=
0. These latter parameters represent post—peak strength conditions, al-
though I would like to confirm the results for tests carried out at higher
normal stresses than we tested previously. We shall be writing to you in
that conmnection in a separate letter, The analysis was computed using
Sarma's method (Geotechnique, 1973, No. 3). The results are as follows:

(a) The lowest static factor of safety was 2.45. A massive slip
involving the whole of the waste was more critical than a
smaller slip.

(b) A factor of safety of 1.0 was reached at a seismic coeffici-
ent of 0,13, i.e. a horizontal earthquake acceleration of 13
per cent gravity.

OFFICES IN CANADA » UNITED STATES « UNITED KINGDOM » AUSTRALIA
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November 16th, 1981 2 812-1543

As stated by Terzaghi and later confirmed by Seed in his Rankine
lecture (Geotechnique, 1979, No. 3), pseuvdo-static analyses are applic-
able for soil conditions where large pore water pressures do not build
up and substantial strength losses do not occur during earthquake shak-
ing. Provided that the waste retaining embankments are properly drained,
these conditions will be satisfied at Hat Creek: strength loss has been
allowed for in the foundation rocks by inputing post-peak strength para-—
meters. Seed concludes that given these conditions computed displace-
ments, for most earthquakes producing embankment crest accelerations
less than 0.75 g, will be acceptable. Seed further concludes that to
ensure acceptably small embankment displacements, one can design for a
factor of gafety of 1.15, and the following design criteria:

Earthquake Seismic Design
Magnitude Coefficient
6.5 0.10
8.25 0.15

Referring to Figure 2, you will se that for an FS$=1.,15, the
seismic design coefficient that can be tolerated is 0.11l, which is com-
parable to an earthquake magnitude just in excess of 6.5.

The question that should be directed to Klohn Loenoff, there-
fore, is whether the maximum credible earthquake at Hat Creek is much in
excess of 6.5. If it is not, the analysis need be carried no further; if
it is we should perhaps carry out a more detailed displacement analysis.

By copy of this letter we are requestigg Klohn Leonoff's best
estimate of the maximum credible earthquake.

Yours very truly,

GOLDER ASSOCIATES
T 4..(__.,4-

%. N.A- Skermer’ Po Engo

NAS/sek
812-1543

ce: Mr. R.G. Charlwood
Kiohn Leonoff Ltd.

Golder Associates



K §E 1 E K I K

................... aafans LR T

PROJECT NO. £/7- /543 omawx_ %7 mevieweo g oate NIV, M/

59)e1908sYy

400 METRES

1000 100 o 1000 FLET

Golder Associates

| B.C.Hydro& Power Authority

HAT CREEK GEOTECHNICAL STUDY
MEDICINE CREEK WASTE DUMP

PROPOSED LOCATION

Drawn S H Cheched g Reviewed o

Date pppe TQ?B_ Scale pc SHOWN ] Drawing 20

Ve g

ainbiy

I




E E I £ K | K | 3 i | & £ L 1
N
Q
ALY
N
LY
A
o X
o ~~
: 3
» 0 605 0./0 e/5 270 ~
» Sersme  (oelrreren’t @
8.
=4
B . THs fture  sur/ace fas the
fowess crrfoeqd! acce/erarrorn valle
5/‘0”‘/&' *
1400 5'm?fg 278 2% 263 29 252 247 2456 7243 255
@ Factors J J J J J /!
%‘ ~/300 Sord £ Clay Wasie D) '
' Lr2o0 Vs ,
‘g ‘r'::“ T -
= 1100 : et
% S
S = s
G 00 Geabock
' N




APPENDIX B

800 MW PIT SLOPES
{Letter from N.A. Skermer to B.C, Hydro)



Golder Associates .

CONSULTING GEOTECHNMICAL AND MINING ENGINEERS

COPY

E/82/2209
July 30th, 1982

B.C. Hydro

P.0. Box 12121

555 West Hastings Street
Vancouver, B.C.

V6B 4T6

Director of Mining

Re: Hat Creek Project
800 MW Pit

Dear Sir:

Further to our meetings of July 12th to 16th, 1982, we summarize
below our recommendations for pit slope design criteria and mine dewatering
for the proposed alternative 800 MW Pit., The final pit outline of the pro-
posed 800 MW is shown attached.

Pit Slope Design Criteria ‘

We have re-examined in some detail the strength test data that we
used to arrive at the design slope angles given in our report — “Prelimin-
ary Engineering Work — Geotechnical Study 1977 to 1978" (Golder Associates,
December 1978). The slope angles recommended then were as follows:

Surficial deposits (other than slide debris) 25°
Slide debris 16°
Coal 25°
Medicine Creek & Coldwater - Tcu and Tel 20°

Basically we feel that these criteria remain valid for both the
2000 MW Pit and the proposed 800 MW Pit, except that slopes which lie en-
tirely in coal and are reasonably well drained, could probably be designed
at 30 degrees. This condition would apply along the south wall where the
coal plunges to the south. This improvement is partially as a result of
our re-evaluation of the strength of the coal (although further tests would
need to be done on the coal for final design). It also results from the
smaller slope height. The 800 MW Pit bottom is at elevation 730 m compared
to 640 m for the original 200 MW Scheme.

GOLDER ASSOCIATES ( WESTERN CANADA}LTD, » 224 WEST 8TH AVENLIE, VANCOUVER, BRITISH COLUMBIA, CANADA V5Y 1N5 + TELEPHONE (604) 6799265 « TELEX 04-508800
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July 30th, 1982 2 822-1549

Application of the above criteria to the 2000 MW Pit resulted
in the recommended pit slope angles shown on Figure 12 of the above
mentioned repoxt. Many of the final pit slopes were in Coeldwater and
Medicine Creek Formations. The resulting slope angle was 20 degrees.

The 800 MW Pit is different., The final slopes are in general
in coal. A substantial thickness of coal would overlie the siltstones
and claystones, and it would offer much improved toe support to the
slopes. The slopes would intercept little of the Upper Siltstone
(Medicine Creek) Formation. Little or no slide debris would be inter-
cepted. As a result, we are recommending that the overall pit slope
angles could be designed for a uniform 25 degree angle.

In a more refined design, it would be necessary to flatten the
slope on the northwest sector to 20 degrees, since in that corner of the
pit the final slope be in Lower Claystone/Siltstone. On the other hand
on the south wall of the pit the angle could be increased to 30 degrees.
Hence an average for preliminary feasibility purposes of 25 degrees all
round is probably valid.

The same dynamic slope criteria, shown on Figure 16 of our 1978
report, would apply to the proposed 800 MW Pit,

The 800 MW Pit should be excavated in such a manner that it
would not preclude excavation of the 2000 MW Pit utilizing the concept
of depressurization by excavation.

Dewatering Wells

For the 2000 MW Scheme reported in 1978, an allowance was made
for 61 wells in the surficials around the pit perimeter and in the slide
areas, 20 wells in the coal and 10 additional observation wells.

The 800 MW Pit would not Intercept the slide zones and there-
fore 20 wells allowed for in those areas could be eliminated., Since the

800 MW Pit is smaller, we would allow for only 15 wells in the coal. The
10 observation wells should be retained.

We would suggest therefore that you allow for a total of 66
wells in the 800 MW Pit.

Yours very truly,

GOLDER ASSOCIATES
%. N.A, Skermer, P. Eng-

NAS/bjh
822-1549

Encl.

Golder Associates
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APPENDIX C

REPORT BY PROFESSOR P.W. ROWE
on
HAT CREEK PROJECT - GEOTECHNICAL REASSESSMENT



PROFESSOR P. W. ROWE STYyrPERSON House,
o.58c, FICE. ADLINGTON_
MACCLESFIELD,

C@py CHESHIRE,

SKIO 4JX.
: 5 72170.
YOUR REF. E/82/9614 TeEL: 0682

4 Sept, 1982

Messrs Golder Associates, (Western Canada ) Ltd,
224 West B8th Avenue,

Vancouver,

British Columbia,

V5Y 1NS

Dear Sirs,

Hat Creek Progiect,

I have pleasure in enclosing my report on aspects of this site
investigation and I do hope that you may find something in it
constructive towards any future work you may be called upon

to undertake. Also on instruction from Mr. Skermer I enclose
an account of fees and expenses and trust yvyou find these in

order,

I enjoved the wvisit o Vancouver immensely and regard it as a
privilege to have had the opportunity to discuss aspects of this
major project with you. I understand that progress is likely to
be deferred dﬁring the recession but it may be that this period
will be seen as a chance for you to extend your detailed

research prior to the commencement of mining operations.

Yours faithfully,

Jk;_ .



% _

PROFESSOR P. W. ROWE STYPERSON Houseg,
D.Sc. F.lLCE.
ADLINGTON,
MACCLESFIELD,

CHESHIRE,
SKIO 4JX.
vour Rer E/82/964 p TEL: ©625 72170
o
AT
e

3 September, 1982

Messrs Golder Associates, (Western Canada ) Ltd,
224 West 8th Avenue,

Vancouver, :

British Columbia,

V5Y 1N5

Dear Sirs,

Hat Creek Project, Geotechnical Reassessment.

During the period 18 = 21 May, 1982, I visited the site with

Mr Rawlings and Mr Skermer, Subsequently I have had the opportunity
to read the 10 volumes of your reports dated 1977 and 1978, and

I have the pleasure to comment on the subjects of ground water
pressure control and on shear strength properties. It will be
appreciated that whereas most if not all of my remarks, which
compliment your reports, will be matters well known to you,

they are made to enable me to provide the brecad basis of my
opinion, Reference to a report e.g. Report 1977, Vol.l, page 34

is denoted by R 77.1.34,

Ground Water Control.

1, This is the dominant factor. Apart from affecting pore water
pressure directly it also contrels stability, and progressive
failure or degree of softening and therefore it affects the

shear strength parameters to be relied upon,

2., Depressurisation is a certainty as an immediate response
but how long can it be held ? This, and effective drainage,
depends on mass permeability or ¢y, which in turn depends on
the presence or otherwise of relatively permeable horizons,

however thin or discontinuous in places on plan they may be,

3, During the site visit I examined some of the cores and noted

the presence of thin carbonaceous or coal layers within the



formations labelled Tc¢l and Tecs. I agree that Tcl assumes great

importance { R78,1,17 ). The excellent detail shown in the logs

" confirms the presence of these coaly horizons. R77.1.34 indicates

5

that coal ( in the major deposits )} has a permeability some 10
times larger than the Coldwater Sediments and if this applies
only approximately to the coaly layers they would dominate
ground water movement and pressure, The sandstones which would
normally be expected to have a similar effect appear to be

of rather low permeability but I am not certain that this is

so at all horizons,

4, Looking at the ground water levels as recorded on the
cross sections the results appear rather as if the water were
free to move about and adopt simple overall seepage gradients
but I have not had the time to sorit out which were piezometers
and which standpipes. I accept ( R78.1.51) that only 0.5 to 2%
of the total flow moves through the clastic¢ sediments but of
course we are concerned with rates of pressure change in respect
of stability rather than rates of flow as may affect the
handling of any drainage output. Re R78.1.49c the changes of

3 m head in 6 months due to seasonal effects seems to me to be
very significant, bearing in mind the small gradient changes
imposed, After depressurisation, assum;ng firstly that this
could be applied rapidly, the gradient and the gradient change
would be large between the claystone and any permeable layers
and much larger absoclute changes in pressure would cccur,
Alternatively, as excavation takes place gradually, little

depressurisation may hardly occur at all,

5. Put ancther way, one would be surprised to find any
seasonal variation whatsoever within the middle of a massive
deposit of bentonitic claystone/siltstone with k = 10‘10 m/s
or lower, Certainly there is no fluctuation in a puddle clay
core of a dam, k = 10-10 m/s, during a six month drawdown

in a drought, and the core thickness is small compared to the

Tcl formation, So there must be permeable passages somwhere,

6., Thus while I agree that slope failures would be controlled
by the strength of the mass rather than by parficular discontin-
uities, the latter may well affect the distribution of water

pressures which in turn dominate stability,



7« R78.1l.xvi shows that, in contrast to laboratory specimen

c.. values of 1 mz/yr your Jjudgement is that the mass value

is unlikely to exceed 100 mz/yr. Possibly the resﬁlt ( R78.6.A13-12
of cy = 500 m2/yr ( range 134 - 2495 m2/yr) was disregarded

due to high test stress gradients and questions of hydraulic
fracture, O0f course, k does tend to increase with decrease in
effective stress and whereas this will occur with excavation

it is only likely to be significant near the surface of the
excavation, But unless piezometers were located so as to include
the coaly layers and analysed in relation to the geological

structure of these layers the interpretation could be affected,

8. These matters affect how slow is " siow " { R78,1,68ii )
at Hat Creek. There are no coaly layers in London Clay { but
see below } nor at the Panama Canal., If the equivalent mass

cy were 500 to 1000 m2/yr,only up to 1 order of magnitude
greater, the expected field performance would be very different
see R78.1,Fig.24, In view of R78.1,70 line 5 this matter might
become critical and I believe it would be worthy of further

study before R78.,1.72 para. 3 could be relied on.

9., Relief drains connected to permeable layers have a much
wider influence than in the case of uniform ground, Conversely,
permeable layers untapped by drains or natural outlets cause
greater uplift and instability below excavated formations

than in the case of uniform ground, Consequently the existence
and performance of any such permeable horizons is dominant on
the mining operations, almost irrespective of the rate of flow

within any such layers,

10, If relief wells are eventually used, presumably of small
diameter acting as bleeder points, they would preferably be
drilled from the base of open trenches taken well below the
main formation at any one stage in order to lower the terminal

pressure as far as is necessary.

11, I see a need therefore to include a field study of

pore pressure drawdown and distribution in the coaly horizons
compared to the claystone during any further field puhping tests,
It may be necessary to enlarge the hole with an expanding bit

wvhen the coaly horizon is identified to ensure good response,



&

Shear Strength Parameters,

1z, The most reliable values on any particular site for any
particular ground water regime and rate of construction are those
obtained by back analysis of field slips with field water préssure
measurement in the slip surface at the time of slip, This has
always been difficult to achieve. Consequently an ongoing
laborator& test research programme, both before and during

mine operations,is essential for the control and interpretation

of field events. It could only cost a very small fraction of the

remedial measures to any one slide,

13, Good progress has been made already on shear testing
within the practical limits of sampling to date, certainly to
have identified objectives and to bracket the likely limiting
slopes for given ground water conditions. The next step would
be to develop testing techniques teo suit the stress state and
paths for this site for samples represenative of the geological
structures at a time well before mining operations commence

and to continue during construction when a greater variety and
size of block samples could become available from the base

and sides of the excavations, At that stage it will be most
important that the testing technigues be already developed and
agreed so that relevant data can be fed back to site as rapidly

as possible,

14, In broad outline the techniques I would favour are as follows:-

Sample size. Up to 300 mm in view of the multiple fine fracture

pattern spacing in the claystone. At present the available 135 mm
size would be useful for development work, If a trial excavation
were made in the Upper Siltstone/Claystone Tcu formation as
proposed in Section 7 of the final report Vol.1l 197978, large
block samples could be taken then also.

Stress State. The samples suffer triaxial unloading and one should

reload to the insitu vertical total stress, estimated lateral
stress and measured water pressure, Equipment capable of
applying cell pressures and pore pressures of several 1000 kN/m2
to specimens up to 300 mm is available at Manchester,

Stress Path. Both Ztriaxial" and plane strain can be applied

but the triaxial path with decreasing minor principal stress is
most likely to allow simulation of the strain softening process

on samples of different orientation of geoclogical structure,



5.

This should include stepped changes in back pore pressure to
simulate loss of suction., ( With a block sample the specimen
can be orientated so as to apply the principal stresses in
the direction within the slope.)

Pore Pressures should be measured in the centre as well as the

base, keeping the testing rate of strain low enough to ensure
equilibrium. This uniformity of pore pressure can be achieved
more readily using lubricated end platens,

Creep is likely to be accelerated by ground water level fluctuations
which effect could be included but would take up a great deal

of testing time. One tends to think of creep as a continuing
strain at constant sitress, but in this case the field movement
with time is dominated by changes in pore pressure and decrease

in the structural interlock. However described, the laboratory
tests will take time { because of the specimen size, the low
permeability and need to keep pore pressures uniform, for each
back pressure step.) Hence the specimen membranes would need a
mercury Jjacket to ensure completely against water migration,

A single large specimen might be under test for 6 months to

1 vear, quite apart from the conventional creep observations
under static pore pressure, drained, or under undrained conditions
where pore pressure changes are part of the creep ohservations,

Critical State tests on small remculded specimens,

Residual Strength using the ring shear ( which for London Clay

gives about 2° lower than the repeated shear box movement ) .

15, Having measured c!t, g at peak, critical state, and residual,
one can adopt some intermediate stage such as critical state or
the " fully softened " condition ( an unfortunate choice of
description } but the question in the case of a fresh cut is

how long will it stand ? Strain at peak causes dilatancy and
suction increments, which delays the progressive action, The
above tests would give the basic data. One also needs, inter alia,
the geological structure and permeability distribution of the
slope, For example, in London Clay there are pronounced silt beds
in ﬁlaces; elsewhere as in the brown fissured clay there are
profuse silt and sand intrusions within fissures, and in large
masses there are no permeable features, These dominate the rate
of softening, I know some areas of London Clay which have

softened and slipped in one day in cut, and other regions where



the clay has stood for years.
16, The basic steps I envisage are as follows:-

a) Finite element trial analyses to gnide the distribution

and build up of strains below the slope, in relation to the
geology and the proposed programme of cut etc, .

b) Initial estimate, and later observations, of boundary water
pressures in relation to the proposed drainage system.

¢) Field data to estimate the time for loss of developed suctions,
having regard to the permeability structure of the strata.

d) Using the above, design undrained loading paths to measure
the suction induced in undisturbed representative specimens
following the expected total stress paths and initial ground
water levels through peak to critical, and repeat with stepped
induced losses of suction to simulate data from ( a,b,c,) above,
e) Feed results of (d) into (a) and reiterate testing as

necessary.

17. In principle, this would lead to distributions of c¢!',d!'
and water pressure ( and hence strength ) in both space and
time, In view of the variations in the geology one would have

to start by identifying the likely critical areas.

2 x + m could be

18, If, during excavation, samples up to 1 m
taken one could study the rate of progressive softening in a
large centrifuge, as we have at Manchester, using artificial

drains to0 accelerate the process in addition to the scale,

Surficial Pre-existing Siip Surfaces,

19, In addition to the important drainage measures you have
proposed there will be the new cut through the slip leaving

the new toe of the slip over part of the circumference of
operations, One might consider cutting the slip material back
and replacing with granular backfill, working in steps and
stages so as not to induce slip in the process, and cutting out

the existing slip plane at its lowest level,

I am well aware that this must be a project of world wide
interest and importance both in coal mining and in geotechnical
engineering, If there should ever be any small contribution

we could make at Manchester you may be sure of an active response.

Yours faithfully, LY /égtftdeL__n
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HYDROGEOLOGICAL LOGS

1.0 INTRODGCTION

The following hydrogeological logs summarize information on all

boreholes where subsurface hydrogeclogical data has been obtained.

In order to show all data in a compact log, it was necessary to
use a number of abbreviations and a symbolic notation. The following
notes explain these abbreviations. The note numbers refer to the numbers
shown in parenthesis at the head of each column in the logs.

2.0 REFERENCE ELEVATION

All depth measurements are given in metres relative to surveyed

ground level.

(1) Lithologic Terminolcgy Used in Logs

Lithology of boreholes has been determined from hydrogeolo-
gists' field descriptions and interpretation of geophysical logs (where

applicable).



3. Completed Construction

a) Hole

1 A drilled hole casing removed

drilled hole casing left in place

drilled open hole

AR TR drilled hole known to have caved or
4 o

squeezed.

b) Piezometer

Standard Double Seal Piezometer Arrangement

Top Seal material (i.e. bentonite)

G?,,/”"' Piezometer tip
334 ()*“-Piezometer No.
—depth to centre of piezometer inlet

gravel pack

bottom seal material (i.e. bentonite)

Golder Associates



Standard Top Seal Piezometer Arrangement

— top seal materizl (i.e. bentonite)
sand/gravel pack

“= 534 (D=—piezometer No.

depth to centre of piezometer inlet

— pilezometer tip

end of borehole

Type of Piezometer tip: -~ perforated 25 mm @ PVC pipe

approx. 1.2 m long), wrapped with

permeable fabric.

¢) Types of Backfill

Gravel

Sand

Bentonite

Cement Grout
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JobNo.

HY[&%&OGEOLOGIC LOG

Project  HAT CREEK COAL, DEVELOPMENT - GROUNDWATER EXPLORATION

..................................

Rig,  BUCYRDS ERIE 24K . ... ... ...

...........................................................................

""""" pareeermsress Reference elevadion  $6517 m
Type of drilling _ AIR ROTARY Coordinates. E 5993981 ... surveyed

N..3B28229:0  ..eoerrree

DRILLHOLE No. mu-82-102

Sheet 1, of 3

Elevation type. gHimeter D
from map D

Drilling fluid ALR/WATER/FOAM Angle from horizontal  VERTICAL .. Purpose of hole HYDROCECLOCY | | .o
Bearing ., ......7700 5 e Azimuth
“”2)* (2) {3} During Drilling After Drilling
Cithol Completed (2) j2¥(4) ] {8Y | {8) 1{2}(7)| Permeabitity {8) Comments
fthelogy Construction Depth | Water [ Waler [oypep | Water 77y °
Level | Flow Leval Depth |Methed| Value
(m) [ {m) ) {1/s) {m) {m) { m/s)
b e e i e ey ) ) e Ay e e it s e e — ———J-——'——'—-w—-——'— ---—---l—-—-——l ——-——--l —————————
C 5
L 10 —
: 5
3 1
- -~ o 254 ]
[ 200 ™ -—5
T Angular GRAVEL with N
- some 51lty SAND n
I:, occasional boulders =
- E
- -
- ]
- p
C N
C— 0 -
C A A i, .
- LI = 42.7 .
- 1 E
t——SO --} :——— 203 mm 3
]

- il .
P l | .i
- -
- 1| .
:—60 ’ ] 7
o 1! .
E_ . ;
— 70 | I -
oo I =
g I ]
- .
- } | :
o ! .
50 | I =

Contractor  DRILLWELL . . . Logged by: pIt ¥ NOTE. Bracketed numbers refer o notes preceding the fogs.

Date started: 12/06/82 Checked by:

.................... Yo . Scale:  1:500
Dote frished: 20/06/82 Dote Golder Associates




; HYDROGEQLOGIC LOG DRILLHOLE No. ms-s2-r0z
- Sheet 2, of 3.,
: Project HAT CREEX COAL DEVELOPMENT - GROUNDWATER EXPLORATION Reference elevation 965.7
..................... ren vati .
;| Typeof drilling AIRISOTARY ... Coordinates’ E_ 3993991 .. surveyed
el : _ N 5626229.0 Elevation type; altimeter I
Rig  BUCYRUS, ERLE 20K, from map O
Drilting fluid_ AIR/WATER/FoAM Angle from horizontal | VERTICAL........... Purpose of hole  IYDROGFOLORY......., e renins
<
- o Bearing ... .. Azimuth -
5
(2) (3) During Driliing After Drilling
; e *
o Lithol Completed {2} |{2)(4)| {5) | (&8} |{2M{7)| Permeability (8) Comments
fthotogy Construction [Depth |Water [Water gyp,, (Woter 75y
level [ Flow Level | pepth {Method| Value
{m) [ {m} | (1/8) {m) {m) { m/s)
- e ————— T T T Tt T T T T T T
o i | ]
I ..
. - . 3
- - by .
F— 100 | || —
_ r f.-m 7]
. - angular GRAVEL with I l 7
[ some silty SAND and l | .
- occasional boulder [ I ]
" F—110 . —]
iﬁ : l\' I :
w - 118.7 ]
130 120.1 119.8 -
I silty SAND & GRAVEL 121.1 n
: - with some clay (TILL) -
; 123 1 .
- - =
- ailty coarse, angular ]
- SAND nnd fine GRAVEL -
- with some coal B
L 130 frapments —
- - 3
! - 137.8 | ]
-l 140 —
Lk ]
- g .
» silty CLAY with -
P some f. sand and -
— 150 occaslonal SILT —]
= layers ~
- — 160 —]
- 168, 9 ;]
o — 170 —
o [ SILT & f. SAND "
ﬁ — 175.0 -
- silty, f-c SAND and n
— GRAVEL with trace of .
[~ gp LAY . =
Controctor: DRILIWELL . ... . ... .. Logged by: D - % NOTE. Bracketed numbers refer to notes preceding the logs.
: Dote started: 12/06/82 ... ..  Checked by: -
: . cale: 1:300
- Dote timished:, 20/08/82, ..,.,..., Dotes . . .. Golder Associates




JobNo. o

E _

.

| W

HYDROGECLOGIC LOG DRILLHOLE No. wmi-s2-102
Sheet 3. of 3.

Project, AT CREEK COAL DEVELOPMENT - GROUNDWATER EXPLORATION . . ... ...

Reference elevation 983.7 iiiiiin.
Type of drilting, ATR/ROTARY .. ... Coordinates: E, 599399.1 . . . . surveyed
Elevation type. altimeter O
Riq._. ¥DCYRUS BRI 248 e fommop [
Orifling fluid__ ATR/WATER/FORM Angle from horizontal  VERTICAL ... Purpose of hole HYDROGEOLOGY ...,
Bearing _.........0T0T woBzimuth e
0 (2) * (2) (3) Quring Orilling After Drilling
Lithot Completed (2) (@2y49)| (5] | (6) [(2M{(7)] Permeobility (8) Comment
ihotegy Construction |Depth |Waler Water foyyep | Water 75y ments
Level [ Flow Level { pepth [Method| Value
(m} | (m} | (1/s) {m) {m) { m/s}
e ]——-]- ——— L T — e ——— —
" Silty,dense f.-c SAND and n
C f. GRAVEL with trace of E
[ clay '3
C .
=190 150.8 -
_ ]
. Green, soft clayey —
- SILTSTONE j
- 1
C— 201.2 -_]
[ END OF BOREHOLE iy
o 4
- —
‘E J
- 3
- -
- 4
- -
: ]
— -
:- .
. E
- ]
— -
- p
Contractor - | DRILLMELL Logged by: pIM = | % NOTE. Brocketed numbers refer to notes preceding the logs
Dote started  12/06/82 . ... . Checked by: |

. Scaler 1:500
Date tinished-  20/06/82 ... Date. Golder Associates Metrie




JobNo. ..

Rig _ BUCYRUS ERLE 24R

HYDROGEOLOGIC LOG

Project HAT CREEK COAL DEVELOPMENT ~ GROUNDWATER

....................................... 4 R A R R R T L LT P PP

Type of drilling,, AIR/ROTARY . ... .. Coordinotes: E__

3990364

D T T] san

DRILLHOLE No. ru-sz-t03
Sheet 1 of 1

Reference efevotion  %48.6 m

surveyed

Elevation type. altimeter ]

from map D

wn
(=]

—_————

Drilling fluid  AIR/WATER/FOAM Angle from horizontal | VERTICAL . Purpose of hole = wWyDROGROLOGY .
Bearing ... T e AZIMUR .
During Drilling After Drilling
(2 * 2) 13)
Lithol Completed (2) {(2¥(4y| (5) {8) [{2)Y(7)]| Permeability (B) Comments
rihelogy Construction |Depth |Waler (Water fgiper | Water 5y
Level | Flow Level | pepsh [Method| Value
{m} {m) | {1/5) {m) {m) { més)
E— ————— e — —— T -—~—-~——‘——-—~————J-—-—l———~——-—-———-ﬁ——-——l~—-4 —————————
L.:l
F—m
E- —-'] l— 254 mm
r
L—20
1.
|: Brown, subround to
C angular, f-m GRAVEL
30 with some silty SAND
= and oecasional thin
i clayey layers between
- 76 m and 102, 4 m
o
- 4 k— 42.7
F

I_I_ll_z_Lli_ll_LLl_l_LLLlLlel|1||11r[tu_Ll_L\ulHiﬂn1\1}_LU_L]41;lhnllufxj_1|41|L1|11|_1||_|_11|u

Dote started: 20/06/82

1
|
|
l
— le— 203 mm
[ I
il
oo IRl
: |
= I |
- il
— 70 | |
- I :
: } |
:——ao | ;
- 1nt
- ol
: Kl
— 1
Contractor:  DRILUWELL . . . . Logged by: DJM ¥ NOTE. Bracketed numbers refer to notes preceding the logs.

Scuie  1:500

Golder Associates Metric




dob Mo, L

HYDROGEOLOGIC LOG

DRILLHOLE No. su-s2-103

—
L~

SAND and GRAVEL,
clayey fine SARD
and CLAY

e
[
=]

S 132.0

Silcy fine SAND
with c. SAND and
f. GRAVEL
138, 44

—
B
<

Silty CLAY

-
v
<

155.4

[
o
o

Silety f-c SAND and
f GRAVEL

e
~
(=2

170.7

Clayvey, silty SAND
and GRAVEL  (TILL)
175,86/

Green to brown clayey
SILTSTONE

}ll[T"‘ll[llI\i!rlrﬁlliiilﬁ!illmlmllirl!]llTiIlll]—rllf‘I'IIWWIFTIlTrIllilllW['l_ri!]'Tl'l_'—l

—
jed
=4

120 ()

v SRV
& B
: J"\’Jf:}

112.865

Sheet 2 of 3
Peoject,  isT. SHEFK .COAL. PRYEIQTITNT. - GROVSPHANEY, BRPLORKRINN ... ovvevras v Reference elevation  945.6
Type of drilling,__ AIR/ROTARY..__............. Coordinates: E, 5990564 surveyed
Elevation type. oltimeter
Rig,. BUCTRUS ERIE 248 N 2 it trom mop 8
Drilling fluid  ATR/WATER ... . . . Angle from horizondal | VERTICAL  ........ Purpose of hole  HYDROGEOLOGY
Bearing ... " L Azimuth
Y )* (2} {3 During Drilling After Drilling
2
Litholo Completed (2) j{2¥a)) 5 8} [{2}{7}) Permeabdility (8) Comments
9y Construction |Depth |Water fWater (q4pe, |Water =753
Level | Flow Level Depth |Method| Value
(m} | {m) | (I/s) {m) {m) { m/s)
7 VI U, [PV S ._...J_._J___.__I —_— —_
11T B ” T
I. i _I.._gg,g
£,~m GRAVEL with some [oadd 953
siley SAND 5k 93.6
L=A¢
XS R o
100 ;g%?¢?§_ 99.5 (2)
102.4 o e
‘o0 Y
Grey CLAY and fine E% a0
SAND F; 058
108.2 =50
— SPoa e
110 §“3, a;j
Y
‘OQC.)O,
00.01
.Q'o?o"
] ST
i vt H
oo'*?"o
0'% 33
Iuterbedded clavey Qw'.

illIlll1!!'[IJi|lliiLl_LlLlllllllrlJJ_Lr!Jl!l_Llll_l_Ll,Llll¢llllI[J_l_[lillLJJJJ_Ll[J_LlIlllLLIllll!

Contractor: DRILLWELL

% NOTE. Bracketed numbers reter Yo notes preceding the togs.

Golder Associates
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Job No.

HYDROGEOLOGIC LOG DRILLHOLE No. rr-sz-1m
Sheet 3, of 3

Project HAT CREEX COAL DEVELOPMENT - GROUNDWAIER EXPLORATION
L A R e R e e R I - A T ey Tadradeasvbiavaene Reference elevo’ionl'..???:‘§ -------- e
Type of drilling,_ ATR/ROTARY................. Coordinates: E_ 5990364 . . . .. surveyed
Elevation type. altimeter
Rig,, OIS BRIE26A Moo RO v from map B
Drilling fluid AIR/MATER/POAM Angle from horizontal  VERTICAL . Purpose of hole | RYDROGEQLOGY . .. oo rmereaneee
Bearing ... i TAZIMUth e e
o During Drilling After Drilling
(02 * (2 13)
Litho! Completed (2) j2){4)| (5 (6) ({2)(T}| Permeability (B} Comment
09y Construction [|Depth | Water |Water |y, | Water 757 omments
Level } Flow Leve! | pepth iMethod| Value
tm} | (m} | {1/s) {(m) 1 "(m) { mss)
L 18— s e e e o —--—--—|-—-—-J——-—-—--qL—————-----—-a--—--~—-l—-—————---—-—--—
- ]
0 Green to browm n
n clayey STLTSTONE —
2 189.0 .
190 END OF BOREHOLE —
- .
}_ —
. -
C ]
o -
- -
= E
C ]
- e
- ]
- =
» ]
: ;
- =
L .
- 4
- .
- ]
3 E
- —
- 3
. —
C 7
o 3
- ~
- .
; ~
L o
- —
- ]
f:— -
- 3
L N
= =
"
- ]
[ A
- ]
| —
E—
Contraclor:  DRILLWELL | Logged by: DM % NOTE! Bracketed numbers refer fo notes preceding ihe logs.

Date started:  20/06/82 .. ..,  Checked by:

........ . Scole' 13500
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SUMMARY AND CONCLUSIONS

B.C. Hydro has proposed a coal-fired thermal power plant and
associated open pit mine in the Upper Hat Creek Valley. Alternative
power plant capacities of 800 MW and 2240 MW have been considered. Since
the open pit would be located in the valley bottom astride the present
Hat Creek channel, it would be necessary to divert Hat Creek and its
tributary Finney Creek arcund the open pit. Previous studies by Monenco
Consultants Pacific and the Hydroelectric Design Division of B.C. Hydro
examined possible diversion alternatives and recommended a canal as the

most econcomical arrangement.

A canal around the open pit mine could pose certain problems;
local instability of the pit slopes could result in failure of the
canal, or increased pore water pressures in the pit slopes, caused by
leakage from the canal, could lead to instability. The consequences of
canal leakage or failure could be serious. As a result of misgivings
about the canal diversion, the present study was authorized to re—exam-
ine the alternatives with particular emphasis on a tunnel arrangement,
since it also offered possibilities for some pit slope drainage. The
use of polyethylene pipes was also investigated. Polyethylene pipe has
only recently become available in diameters large enough for this use.
During the course of the study, the pipeline arrangement became increas—
ingly attractive because of its lower cost and its simplieity, and

therefore it was investigated in some detail.

After comsidering the canal, the tunnel and the pipeline alter-
natives, the pipeline arrangement was selected as the recommended diver-
sion method for both the 800 MW and 2240 MW Schemes. Hat Creek could be
diverted by a small diversion dam located a short distance upstream of
the open pit. A series of single, large diameter fibreglass reinforced
pipe would convey the water to the pit rim, where twin, large diameter
polyethylene pressure pipes (Sclairpipe or Driscopipe) would convey the

water around the east side of the pit on the excavated slopes.

Golder Associates
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Initially, the pipe would follow the present Hat Creek channel.
As the open pit expanded, the polyethylene pipes would be moved, one at
a time, onto pit benches. From three to eight moves would be required
depending on the project size. Polyethylene pressure pipe 1Is extremely
tough and lightweight, and so it can be moved easily. Beyond the pit, a
section of fibreglass reinforced pipe would carry the water past the
leachate lagoons, thereafter discharging into the original Hat Creek
channel,

The principal advantages of the pipeline over the previously
recommended canal arrangement, or the tunnel, would be reliability
against seepage or failure, and lower cost. Since there would be two
pipes around the critical open pit region, simplicity and flexibility
would also be provided.

The overall length of the various diversion layouts considered
ranged between about 4,000 m for the simplest pipeline arrangement for
the 800 MW Scheme to about 9,000 m for the tunnel arrangement for the
2240 MW Scheme.

The initial capital cost of the recommended pipeline diversion
would be approximately $16 million (1982 dollars) for the 800 MW Scheme
and $19 million for the 2240 MW Scheme. This compares to $26 million for
a canal arrangement and $50 million for a tunnel arrangement. Simpler
and more economical pipeline arrangements are possible and these were
considered. Recommended arrangements for both schemes and abandonment

are described.

We thank you for the opportunity of carrying out these studies.
We have pleasure in submitting this final report.

Yours wvery truly,

GOLDER ASSOCIATES

éh@@k

G.E. Rawlings, P. Eng.

GER/bjh
822-15238
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1.0 INTRODUCTION
1.1 Background

B.C. Hydro has proposed a ccal-fired thermal power plant and
associated open pit mine in the Upper Hat Creek Valley between Cache
Creek and Lillooet, B.C. The valley lies approximately mid-way between
the Fraser River valley to the west and the Thompson River wvalley to the
east and runs roughly south to north. The elevation of the valley bottom
ranges between approximately 800 and 1000 m. 7The Upper Hat Creek valley

is broad, flat and it is presently used chiefly for agriculture.

The existence of coal deposits in the region has been known for
over a century and numerous attempts have been made to expleit the re-
source. The firsé power plant feasibility and preliminary environmental
impact reports for a coal-fired thermal plant were carried out in 1975.
Since then, several conceptual design studies have been completed., Ini-
tially, the power plant capacity was to be 2240 MW with 240 MW of this
required for the project operation, leaving a net outputr of 2000 MW.
However, in the spring of 1982, B.C. Hydro also decided to investigate a
scaled down version with a power plant capacity of 800 MW. This limited
scale project would be less complex, less costly, and have a smaller

open pit mine,

The open pit for the proposed project would be located at the
northern end of the Upper Hat Creek valley in the No. 1 Coal Deposit
and, depending on the scale of the project, it would be about 1.6 km to
2.2 km in diameter, (see Drawing I)', Both the 800 MW and the 2240 MW
Schemes would have a design life of<about 35 years. After this time, it
might be decided to exploit the ultimate resource of this pit, or to
exploit the No. 2 Coal Deposit a few kilometres south of the first pit

upstream in Hat Creek.
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Hat Creek itself is a small, meandering stream most of the time,
but it is subject to occasional high flows during the freshet season:
the peak recorded 24-hour flow was 14.6 m3/s in June 1964. Since the
proposed open pit mine would be located astride Hat Creek, diversion of

the creek around the open pit would be required.

Previous studies recommended & canal as the preferred diversion
arrangement. However, because of concern about the safety of a canal,
Golder Associates were commissioned to carry out the present study to
re—examine the diversion alternatives. Sigma Engineering Ltd. provided

the hydrological and hydraulic engineering input to the work.

1.2 Terms of Reference

The objective of this study was to re—examine alternative
arrangements for diverting Hat Creek around the open pit, Specifiecally,

the study was intended to:

- review the use of a canal for the diversion of Hat Creek

as recommended in previous studies;

- investigate the geotechnical aspects, hydraulies and ben-—
efits of improcved pit slope stability in using a tunnel
for the diversion of Hat Creek;

- investigate other possible diversion arrangements for Hat

Creek;

- establish the technical and economic feasibility of each

of the above diversion alternatives;

- recommend the most suitable diversion arrangement,

Golder Associates
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Injitially, the study was confined only to the 2240 MW Scheme,
but later it was extended to include the 800 MW Scheme,

1.3 Acknowledgements

This study was underfaken in close cooperation with the BCH Min-
ing Department. The kind assistance of Dr. G. Lange, Mr. W. Fothergill
and Mr. H., Rim is particularly noted.

1.4 Methodology

The purpose of the preliminary design study described im this
report was to firm wp the design of the Hat Creek Diversion arrangements
to the point where the main design parameters could be chosen, their
technical feagibility assured and a reliable cost estimate prepared. The
approach to selecting the best diversion arrangement involved the iden-
tification of all possible alternatives and the eliminatrion of the less
promising as soon as that could be done with confidence. This approach
is formally known as a "Branch and Bound” procedure. All available con-—
straints are exploited to help narrow the range of alternatives. Branch
and bound is a search technique which involves the following type of
reasoning for every choice: if when trying to choose on grounds of cost
between two alternatives which are equally satisfactory from a technical
point of view, an over-estimate of the cost of Alternative ! is 1less
than an under—estimate of the cost of Alternative 2, then Alternative 2
can be safely eliminated. If, however, the over—estimated cost of Alter-—
native 1 is greater than the under-estimated cost of Alterantive 2,
neither can be eliminated at that point, both have to be retained until
more accurate cost information allows bounds to be drawn which are

sufficiently restrictive to distinguish the better alternative.

This is an efficlent process in that engineering effort is pro-
gressively concentrated on the more promising alternatives. When it 1is
combined with regular meetings of all those involved (including the
client), it keeps everyone informed of the progress of the study and
helps to ensure that nothing is overlooked.
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Several different types of canal, pipeline, and tumnel arrange-
ments were investigated, and the less attractive were eliminated until
only 2 few alternatives were left for consideration. Since at this
stage, the pipeline diversion arrangement compared very favourably with
the other arrangements, it was selected for further detailed investiga-
tion and costing. Similar approaches were adopted for both the 800 MW
and the 2240 MW Schemes.

A branch and bound search was also adopted for the assessment
of the wvarious tunnel alternatives, Details of this procedure are to be

found in Appendix A.

1.5 Previous Studies
1.5.1 Monenco, Hat Creek Diversion Study, 1977

The first major study on the Hat Creek Diversion was a concep-
tual design study carried out by Monenco Consultants Pacific (1977).
Monenco considered a wide range of alternatives for diversion around the
proposed open pit, including those utilizing flow by gravity, by pumping
and by upstream diversion of the watershed. Consideration was given to
canals, tunnels, flumes, pipes and chutes. Also, a preliminary examin-

ation was made of utilization of Hat Creek water for the power plant

water supply.

From these alternatives, Monenco selected those considered to

be the most practical and economical, namely:

(n A canal arrangement whereby the creek would be diverted
upstream of the pit perimeter at sufficient elevation to
flow by gravity in a canal along the east hillside of the
valley, around the edge of the pit excavation and thence

by pipe or chute running down into Hat Creek,

(Golder Associates
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(2) A tunnel alternative which would use a lined tunnel con-
duit for the centre section of the canal close to the
pit.

(3) A pumping arrangement which would provide regulation of
the creek flow by upstream storage reservoirs, and then
pump the water through a pipeline above the pit

perimeter,

(4) A water supply arrangement which would pump water from

Hat Creek for use at the power plant.

0f these schemes, Monenco concluded that the most economical
arrangement was that of a gravity diversion in an earth-lined canal. The
chief disadvantage of the canal arrangement as identified by Monenco was
the need to replace a short central portion of the canal by tunmnel after
several years of pit operation because the expanding pit would encroach
on the canal route. The water supply arrangement was ldentified as

requiring additional work.

Monenco was restricted in its study of the tunnel alternative

by the lack of geological information east of the pit at that stage.

1.5.2 HEDD, Diversion of Hat and Finney Creeks
Preliminary Design Report, 1978

In March 1978, the Hydroelectric Design Diversion (HEDD) of
B.C. Hydro completed a preliminary design report on the Hat Creek diver-
sion. They confined their work to the water supply arrangement and to

the canal diversion arrangement.
HEDD presented some work on the water supply arrangement in

their report, but it was ruled out on the basis of poor water quality

and the high cost of remedial water treatment.
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HEDD reviewed and refined the canal diversion arrangement in
some detail along with a breakdown of cost estimates. Later in the pre-~
sent report, their recommended canal diversion arrangement is described
but with some modifications {a pipe section between Ambusten Creek and

Medicine Creek) as shown in Drawing 5.

Additional hydrological studies carried out by HEDD identified
the design flow; these are reviewed in the present report in Section 2.

Some field investigation work was carried out in the form of
drill holes and test pits for the canal and diversion dams and conduits.
This information is reviewed in Section 3 of the present report.

1.5.3 Station Design Manual, 1980

In February 1980, HEDD released a "Station Design Manual” for
the diversion of Hat and Finney Creeks. This report presents the pre-
liminary design of the Hat Creek diversion, limiting itself to the canal
arrangement only.

1.5.4 HGPD, Report on 1981 Site Investigation for Hat and Finney
Creek Diversions and Access Road, 1982

Detailed site investigations for the proposed canal and impoun—-
ding or diversion structures were carried out by the Hydrcelectric Gen-
eration Projects Division (HGFD) of B.C. Hydro in the summer of 1981,
The design of the canal was not revised although recommendations were
given for design changes. The study is reviewed in Section 3 of the
present report.

2.0 HYDROLOGY
2.1 General

The flow in Hat Creek can vary over a wide range. For most of
the year, flows are quite low except during spring when snow is melting
in the basin. Spring floods usually peak in May or June, and since these
are the largest floods, they govern the diversion design capacity.

Goelder Associates
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Stream flow records from three gauging stations are available
for Hat Creek, although the period of record is rather short and inter-
mittent. The station with the most useful records is Station 08LF061,
located on Hat Creek immediately downstream of Medicine Creek, near the
proposed point of diversion. This station has records dating from 1961
to 1977; hydrological information is presented in Drawing 2,

Hydrological analyses of flows in Hat Creek basin were carried
out by Monenco Consultants Pszcific (1977), by Beak Consultants (1977)
and by HEDD (1978).

In the present study, a flow frequency analysis was made using
a computer program developed at the University of British Columbia
(Russell, 1982). This indicated results of the same order as the HEDD
study and it was, therefore, decided to continue using the design flows

derived in the comprehensive HEDD study.

The HEDD study used as criteria for the design of the diversion
facilities, the 100-year return period flood as a normal operating con-—

dition and the 1000-year return period flood as an emergency condition.

Since failure of the diversion during time of flood could have
very severe consedquences for the operation of the project, a conserva-
tive approach to design seemed appropriate at the present stage. ALl the
arrangements were therefore designed with sufficient capacity to pass
the estimated 1000-year peak flood of 27 m3/s. The design discharge

capacities are summarized in Table 1.

At the final design stage, more hydrological data will be avail-
able, so that it would be possible to refine the estimates of flows and
frequencies. At the same time, it would be desirable to carry out a
risk/cost analysis, which would consider such factors as the consequen-~

ces of flooding the pit to determine rhe most appropriate return period
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TABLE 1
Summary of Adopted Design Discharge Capacities
(from HEDD, 1978, Table 5.3)
Facility Design Recurrence  Flood  Drainage
Discharge  Intervals Type Area
(m3/8) (km?)
Emergency Spillways 79.0 PMF PMF 350
Main Diversion
Emergency Condition 27.0 1000 Snowmelt 350
Normal Condition 18.0 100 Snowmelt 350
Finney Creek Diversion 5.5 1000 Rainstorm 13

Notes:

(1) Capacities shown assume no upstream storage

(2) Probable Maximum Flood (PMF) is a maximized combination of snow-
melt and rainstorms

(3) S8pillway design discharge is based on PMF of 106 m3/s less
diversion capacity of 27 m3/s

Golder Associates



December, 1982 8 822-1523B

to use for the design floods. However, for present purposes, the esti-
mated 1000-year flood providss a reasonable and adequate basis for the

comparison of alternative artangements.

3.0 GEQTECHNICAL

3.1 Review of Previous Work

Prior to 1979, no geotechnical investigations had been carried
out related to diversion schemes. However, some of the overburden drill-
ing in the area of the east side of the valley in copnection with the
open pit was of use in considering the location of a diversion canal.
This was the only data that was used directly by Monence in preparing
their report in 1976.

Subsequently in 1977, HEDD carried out overburden drilling for
the canal scheme proposed by Monenco. This consisted of 3 holes at the
headworks damsite, 2 holes at the pit rim damsite, 9 holes along the
diversion canal route, 2 holes along the discharge conduit, and 2 and 3
holes at storage damsites No. 2 and 3, respectively: a total length of
472 m of drilling was performed. In addition, 16 test pits were excava-
ted by backhoe at locations along the canal route at the damsltes and in
potential borrow areas. Laboratory testing was carried out on samples
taken from the drillholes and test pits. This investigation concluded
that, in general, the proposed canal diversion scheme could be founded
on competent clayey, sandy gravels or clayey tills, but that in sonme
areas of sand and gravel, an impervious lining would be needed in the
canal. The report also concluded that cutoffs or blankets would be
needed beneath both the headworks dam and the pit rim dam in order to
control leakage in the pervious alluvial materials infilling Hat Creek
valley bottom. Finally, it was concluded that adequate borrow materials
for lining would be available for use in the canal. Details of the site
investigation work are to be found in Section 4 of the HEDD Preliminary

Design Report, 1978,
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Further site investigations for the proposed canal diversion
scheme were carried out in 1981 by HGPD. Details of the investigation
program are reported in reference HGFD (1982). Rotary triconed and dia-
mond drillholes were sunk in overburden and bedrock. These consisted of
5 holes at the headworks damsite, 4 holes at the pit rim damsite, 2 and
3 holes at the Ambusten Creek and Medicine Creek canal crossings, res-
pectively, 5 holes along the diversion canal; a total length of 665 m of
drilling was performed. Permeability testing was carried out in drill-
holes. In addition, 129 test pits were excavated by backhoe along the
canal route and at the headworks and pit rim damsites. No further inves-
tigation of potential borrow areas was carried out. Laboratory testing
of core samples from drillholes and disturbed samples from test pits was
performed consisting of index tests, and shear, comsclidation and swell-

ing tests.

This study concluded that the entire length of the canal would
likely require lining, whereas in the earlier 1978 study only the sec~
tions around the pit and the Ambusten and Medicine Creek crossings were
thought to need lining. A potential slide area close to the canal just
downstream from the headworks dam was identified and monitored with pie-
zometers and a slope indicator installation. The report found that the
section of the canal from Ambusten Creek to Medicine Creek "would be
founded on a thin blanket of ablation and basal till overlying very
soft, weak, highly bentonitic, undifferentiated volcaniclastics of rhyo-
litic composition”. Flatter downhill side slopes were recommended for
this section of the canal. However, the topography is steep and gullied,
and in this report we recommend that this section of the canal be re-

placed by pipeline, see Section 4.3.2.

The report suggests that the downstream slopes of the embank-
ment for the Ambusten and Medicine Creek crossings should be slightly
flatter to accommodate possible weaknesses in the foundations. The em—
bankment crossings are large and in order to ensure minimal settlement,

it would be necessary to construct them of material well compacted in
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layers. Such embankments would be costly (see Table 7). Smaller embank-
ments could result in substantial savings; such would be the case for
pipeline crossings. In any event, pipeline crossings would be less sen-—
sitive to differential settlements between the embankment and the abut-
ments than would be the case for a canal. Interfaces between engineered
structures and natural ground can be a source of weakness leading to
failure of canals, see Section 4.3.4, The report concludes that control
of seepage through and under both the headworks dam and the FPit Rim Dam
could be effected by using upstream blankets of till rather than slurry
trench cutoffs to bedrock: a cutoff to bedrock had been proposed be-
neath the Pit Rim Dam in the HEDD 1978 report. The use of blankets seems
reasonable, although we would recommend the installation of pumping
wells in the alluvial materials at the toe of the Pit Rim Dam in order
to intercept seepage towards the pit. These wells would also act as
relief wells to control seepage pressures under the downstream toe of
the dam.

The Headworks and Pit Rim Dams have not been re-analyzed for
stability. For present feasibility purposes and, bearing in mind the
current status of the canal arrangement, the general outline of the

embankments reported in the HEDD 1978 report are acceptable.

3.2 Geology of the Diversion Scheme

The geological conditions along the route of the alternative
diversion schemes have been adequately covered in previous reports
(Golder Associates, 1977 and 1978; HGPD, 1982}, The exception to this
is the geology of the eastern escarpment which had not been systematic-~
ally studied except close to the Medicine Creek Waste Embankment. Inclu-
ded in the present study, therefore, was a program of field investiga-

tion designed to obtain sufficient data for tunnel feasibility purposes.

Canal or pipeline routes would be predominantly on surficial

deposits comprising colluvium, glacial till, outwash sands and gravels
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and slide debris. 1In places, they would also lie on Tertiary rocks. The
engineered structures (Headworks Dam, Pit Rim Dam) would also lie on
alluvial deposits; the geotechnical aspects of all these materials are
covered in the earlier reports and in Sections 3.1, 4.3.4, and 4.5.5 of

this report.

The eastern escarpment is geologically complex and required
considerable geological interpretation te provide the necessary basis
for the assessment of a tunnel alternative, Details of that work are

covered in Appendix A (Volume 2).

3.3 Field Investigation

The early phases of the review of the diversion alternatives
narrowed the potential tunnel alignments down to those passing through
the eastern excarpment. For that reason, it was necessary to define the
geology of that area and to interpret the facts acquired in terms of
their geotechnical significance for tumnelling. The field work carried
out 1s described briefly below, details are contained in Appendix A,

Volume 2.

3.3.1 Geophysical Survey

Magnetic and resistivity surveys were carried out across the
grain of the structure which runs lengthwise along the eastern escar-

pment. Excellent results were obtained from the magnetic survey but the

resistivity method provided poor definition and was discontinued. Adden—

dum 3 to Appendix A provides the results of the work. By means of this
survey, it was possible to identify the geological structure and relate

it to the stratigraphic sequence encountered in the drilling.
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3.3.2 Geological Mapping

Although exposure is generally poor on the escarpment, there
are significant outcrops which permit the stratigraphy and structure to
be established. The work was carried out jeintly by Golder Associlates
and Mr. H. Kim of BCH.

3.3.3 Diamond Drilling

Core drilling, mostly in angled holes, was carried out to obtain
typical sections through the sequence at intervals along the escarpment.
Recoveries were initially inhibited by the highly brecciated and altered
nature of the andesite. In situ permeability testing was carrvied out
and piezometers left in all holes.

3.3.4 Rock Testing

Routine tests were carried out on site for index purposes. These
included moisture content, Atterberg Limits, wmiaxial compression tests
and point load strengths. Slake durability testing was carried out in
Vancouver as well as petrographic description of representative rock
types. The results of the testing may be found in Appendix A.

4.0 DIVERSION ALTERNATIVES

4.1 General

Three different alternative methods of creek diversion have
been considered in this study, namely: canals, tunnels, and pipelines.
They have been grouped together into various arrangements in order to
provide the preferred engineering solution to the particular geotechni-
cal, hydrological and mining constraints imposed.

The arrangements also differ for the scheme being considered
(800 MW or 2240 MW} and for the period for which the arrangement would

be operative {i.e. during the life of the pit or a long-term abandon-
ment ).,
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The main alternative arrangements would comprise:

(1) Canal in which the creek would be diverted sufficiently
far upstream of the pit to permit gravity flow by canal
around the eastern side and then by conduit back into Hat
Creek. Some sections might be replaced by pipe (see Sec-
tion 4.3).

(2) Canal/Tunnel/Fipe — a similar arrangement to the canal

scheme except that the water would be conveyed past the

pit in a tummel.

(3 Pipeline Arrangements — various alternatives have been

considered in which pipelines could replace both canal

and tunnel for layouts both within and outside the pit.

These alternatives are considered for various layouts in subse-

quent sections.,

4.2 Constraints

Constraints are imposed on the Bat Creek diversion alternatives

by a number of factors including topography, geology and mine planning.

Diversion Dam and Intake

Any diversion alternative would require a dam and intake
structure to divert the creek and create a siltation pond for the depo-
sition of bedload. For cost purposes, it would be desirable to minimize
the size of this structure. Moreover, to minimize seepage pressures in
the pir slopes from such an impoundment, it should be kept at least
several hundred metres upstream from the southern edge of the pit. For
canal diversions, the structure must be above elevation 975 m for the

canal to bypass the pit at an adequate distance from the pit perimeter.
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For the tunnel alternatives, the most suitable elevation for the up-—
stream tunnel portal would be about 970 m, although elevations as low as
960 m would be feasible. To convey water from Hat Creek at these higher
elevations, it would be necessary to divert the creek some distance up-
stream. However, if the diversion dam were too far upstream, it could
interfere with the mining of the No. 2 Deposit which might be mined some
time during the life of the No. 1 Pit diversion. However, it 1s likely
that alternative diversion arrangements would be made if part of the
runoff from the Hat Creek catchment were intercepted by the No. 2 Depo-
sit pit. Broadly, the No. 2 Deposit northerly limit has been treated as

a counstraint.
Pit Region

The mine plans developed by BCH have been treated as fixed and
any diversion arrangement has been designed to accommodate them. A
canal would have to lie between a safe distance from the edge of the
planned pits (1980 design for the 2240 MW Scheme; 1982 design for the
800 MW Scheme), and the steep topography east of the pit. A pipeline
would have to lie on the pit benches at the appropriate elevation, al-
though for the final pipeline location, the pipe should be placed at
constant grade to minimize sedimentation problems. A tunnel altermative

would be constrained mainly by the geology, as discussed later.

Pit Exit Region

At the northern exit of the pit, there would be a congested
area of haul roads and conveycr embankments which could be up to 30 m in
height. A concrete pipe under these embankments would be vulnerable to
settlement damage. Polyethylene pipe is not designed to withstand heavy
superimposed loads., For the 800 MW Scheme, the congested area would be
less than for the 2240 MW Scheme; however, in general it would be desir-

able for the diversion to bypass these areas.
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Leachate and Sedimentation Lagoons

Downstream of the pit, there would be leachate and sedimentation
lagoons, and Hat Creek would need to be diverted past these, Protection
of the leachate lagoon against failure would be particularly important,
and, for this reason, the diversion should be kept above and as far away
as possible from this structure. This would apply especially to the
pipeline arrangements for which the maximum height of the leachate
lagoon would be an important consideration since sufficient head must be
provided for the pipeline to carry the water past the lagoon.

Indian Reserve and Harry Creek

The location of the Indian Reserve places a constraint om the
layour of the diversion at the downstream end. No encroachment on the
reserve can be tolerated.

The elevation of the downstream portal of any tunnel section
would likely be at approximately elevation 950 m beside the Harry Creek
channel. Discharge into this channel would cause severe ercsion and
potential flooding in the Reserve below. Thus, the return of the diver-~
sion waters to Harry Creek must be between the sedimentation lagoon and
the Indian Reserve boundary and would need to be by conduit.

4.3 Canal Scheme
4.3.1 General

The canal diversion arrangement as shown on Drawings 3 and 4 is
similar to the diversion method recommended in the previous Monenco and
HEDD studies, except that changes have been made as follows:

- the section of canal between Ambusten Creek and Medicine
Creek has been veplaced by a Fibreglass Reinforced Pipe
(F.R.P,), since there was some doubt as to the practica-
bility of a canal through this area of gullied steep side
slopes;
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- Fibreglass Reinforced Pipe has been substituted for Cor-
rugated Steel Pipe (C.S8.P.) for the discharge conduit in

order to provide a more durable alternative.

Tables 2 and 3 summarize the canal arrangement parameters and
hydraulic characteristics. The principal components of the diversion

are given in Section 4.3.2,
4.3.2 Canal Diversion Arrangement

The main elements of a diversion accomplished predominantly by

canal would be as follows:
(a) Headworks Dam and Intake Structure

Hat Creek would be diverted into the canal by an earthfill
headworks dam upstream of the pit. The location of the dam remains un-
changed from that shown in the previous HEDD (1978) study. It would be
immediately downstream of Anderson Creek so that no minor diversion of
that creek would be required. The water level behind the dam during
normal operating conditions would be at about elevation 975 m. An emer-

gency spillway would be provided for floods in excess of the 1000-year
design discharge capacity of 27 w3/e of the canal. '

(b) Diversion Canal

The same canal is shown for both the 800 MW scheme and the 2240
MW scheme (see Figures 3 and 4, respectively). In both cases, the canal
would be located at approximately elevation 975 m. This is the optimum
elevation, sufficiently high above the pit boundary and still below the
steeper parts of the cliffs east of the pit. For the larger 2240 MW
pit, a portion of the canal would lie within the 35-year pit perimeter
after several years of mine operation; it would have to be replaced by a

conduit or a tunnel. For the smaller 800 MW pit, the canal might not
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TABLE 2

Canal Diversion Parameters

800 MW and
2240 MW Schemes

Intake and Diversion Dam

Max. reservoir water level 976 m
Average dam height 15 m

Intake to Ambhusten Creek

Diversion method | Canal

Length 1500 m
Mean gradient 0.02%

Ambusten Creek to Medicine Creek

Diversion method 2.7 m dia F.R.P.
Length 1700 n
Mean gradient 0.35%

Medicine Creek to Discharge Conduit

Diversion method Canal
Length 3175 m
Mean gradient 0.02%

Discharge Conduit

Type 1.8 m dia F,R.P,
Length 2200 m
Mean gradient 6.8%
TOTAL LENGTH OF DIVERSION 8575 m
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TABLE 3

Canal Geometrical and Hydraulic Characteristics

(Adapted from HEDD, 1978)

800 MW and
2240 MW Schemes

Geometrical Characteristics

Depth

Gradient

Hydrauli

Total length

Invert width
Side slopes
Gross cross—sectional area

¢ Characteristics

Assuned

27 m3/s
18 m3/s

Average

friction factor

Flow Depth

(1000 year flood)
(100 year flood)

Velocity

27 m3/s
18 m3/s

(1000 year flood)
(100 year flood)

QBN = B
QXU OW
e B H B

L] - - - -

Manning n = 0.025

3.4 m
2.9 m

0.82 m/s
0073 m/S
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need to be replaced. In both schemes, the length of the section of
canal to be replaced would depend on the location of the boundary of the
pit as mining proceeded, which would depend in turn on pit slope stabil-
ity considerations.

() F.R.P, Pipeline Sections and Creek Crossings

The hillside between Ambusten Creek and Medicine Creek 1is gul-
lied and it slopes as steep as 30 per cent, giving rise to doubts about
the practicability and the safety of a canal along this section. Con-
struction of a 2.7 m diameter F.R.P. would be much simpler in this
steeper area, since the overall width of a cut or an embankment is less
for a pipe than for a canal., Moreover, since the radius of curvature
for a pipe can be less than that for a canal, sharper bends could be

made and the pipe could follow the original ground contours more
closely.

A further advantage of using a pipeline for this section is
that the creek crossings would be greatly simplified., Because the pipe
grade does not need to be exactly horizontal, and the width of proposed
foundation can be smalley than that for a canal, the embankments would
be much reduced in size from those originally planned.

However, the use of a pipe does have some disadvantages. First-
ly, large diameter pipe is expensive; secondly, the pipe, together with
the canal-pipe transition structures, would suffer a head loss of about
6 m, considerably more than that of the canal, which would have a head
loss of only 0.34 m over the same distance.

(d) Fibreglass Reinforced Pipe Discharge Conduit

The original concept of a corrugated steel discharge pipe has
been replaced by 1.8 m diameter fibreglass reinforced pipe (F.R.P.) for
greater durability. The routing would be around the eastern side of the
coal blending area, rather than the west side as shown in the original
HEDD (1978) report.
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(e) Pit Rim Dam and Pumping

A pit tim dam and pumplng system would be required to intercept
runoff between the headworks and the pit rim; it would be necessary to
pump the water up to the main diversion canal. The components would in-
clude an earthfill dam, emergency spillway, pumphouse and pipeline. The
pit rim dam facilities and their locations would be very similar to

those described in the HEDD Preliminary Design Report (1978).
(£) Minor Diversions

In the canal arrangement, a few minor diversions would be re-
quired to convey local inflows into the main diversion system. Two small
diversions would be required where the diversion pipe crosses Ambusten
Creek and Medicine Creek. Flow in these two small creeks would be inter-—
cepted by a small diversion structure, and would be channelled in a

small diversion pipe discharging into the main diversion system.

The largest of the minor diversions would be a 2.7 km diversion
of Finney Creek into the headworks reservoir. It is described in the

HEDD Preliminary Design Report (1978).
4.3.3 Future Required Chauges

On expansion of the pit with time, the pit boundary would in-
fringe on the diversion canal route and part of the canal would have to
be replaced with some other diversion method. The length of canal that
would have to be replaced would depend on the final pit houndary, and
would be significantly more for the larger 2240 MW pit than for the
smaller 800 MW pit. For the larger 2240 MW pit, the canal would have to
be replaced at an earlier stage in the life of the mine. The HEDD report
of 1978 concluded thét a realigned canal would be possible, but as dis-
cussed in Section 4.3.4 below, this is not thought to be practicable.

Golder Associates



' S

€

December, 1982 19 822-1523B

Two possible methods could be used to replace the canal in this
area, either a tunnel or a pipeline. Of these two methods, the use of a
tunnel would seem to be more logical. Some of the advantages of a tun—
nel arrangement would be its reliability and physical disassociation
from the mining activities., The high cost, the main disadvantage of the
tunnel, would be reduced, since tunnel construction need not begin for
gseveral years and these costs would be discounted to mine development
costs at Year 1. Furthermore, by the time the tumnnel would be required,
the geology of the eastern pit area would be much better known, alding
tunnel design and construction considerably. The alternative arrange-—

ments incorporating a tunnel section are covered in Section 4.4,

The replacement of the central canal section with a pipeline
would not offer significant advantages over using a pipeline as the pri-
mary diversion method from the beginning of mine development. The pipe~

line arrangements are discussed in Section 4.35.

4.3.4 Geotechnical Considerations

An Important conclusion in the HEDD report of 1978 was that
realignment of the canal onto the ultimate pit slopes, after some 12
years when the pit encroached on the canal, would be more economical
than replacement by a tunnel or conduit. This presupposes that the
ultimate pit slopes would be stable without creep movements. It is now
felt that such a judgement cannot be made at this stage and, in fact,
would not be possible until many years of mining experience had been
gathered in this particular area. Therefore, it is concluded that re-
placement of the earlier canal by a realigned canal is not necessarily a
practicable or economical solution. Our current knowledge indicates
that it is unlikely to be a workable alternative and that the tunnel

alternative would be needed.

It was also concluded that over the full length of the Hat Creek

Diversion canal, seepage losses, if a plastic lipmer were incorporated,
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would be about 20 1l/sec. In our opinion, much would depend on the care
with which the plastic liner was installed and whether or not rupture
would occur due to earth movements. Even so, the quantity of seepage is
not of primary importance but rather it is the excess hydrostatic pres-
sures that are set ﬁp in the pit walls by such seepage that are of con-
cern, Therefore, the question of leakage in overall econcmic terms is
linked to the question of its impact on pit slope stability. 1In the
HEDD report, the following statement, Section 6.2, page 6-14, was made:
“A canal lining combining both a plastic membrane and an impervious till
lining is considered self-healing in terms of the movement anticipated
in such areas.”™ In our opinion, this statement is open to serious objec-

tion, when no estimate of the "movement anticipated” has yet been made.

Experience in the performance of recent "well engineered”
canals would lend towards a cautious judgement regarding the likelihood
of canal failures. <Catastrophic collapses have taken place in three
large new canal constructions in recent years. These are as follows

(see references for details):

- Elbe Seiten Canal, West Germany, 1976 (NCE, 1976, and
Hager, 1977)

—  Nurenberg Canal, West Germany, 1979 (NCE, 1979)

- Ruahihi Canal, New Zealand, 1981 (NCE, 1981, and NCE,
1982).

In addition, a plastic liner failure caused a rupture in a
reservoir at Kircheuim in Germany in 1977: the estimated damage cost
$10 million,.

The purpose in citing these examples is to point out that they
oceurred as a result of the oversight of apparently small design de-
tails, the results of which were minor seepages eventually leading to
failures. Examples of canals in the French Alps at Lyonne and at Gap
that have been destroyed by landslide movements are given in Gignoux and
Barbier (1955).
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Close to the area of the pit developments, major landslides up
to 50 M3 occurred towards the end of the 19th century near Ashcroft,
B.C., in the glacial ocutwash gravel, sand and silt deposits on the
Thompson River. These slides were caused by irrigation of the bench
lands. The actuzl quantities of water invelved are not known, although
irrigation was thought to have been carried out hy flooding open ditches
The slides resulted in severe damage to the Canadian Pacific Railroad
tracks and the railway eventually obtained an injunction to prevent the
farmers from irrigating the land. A total of eight major landslides

occurred.

The slides have been well documented by Stanton (1897 and 1904)
and summarized by Skermer (1982). The soills are similar to the glacial
outwash deposits that appear on the east side of the Hat Creek valley.
The Ashcroft slides appear to be layered with slickensided bentonitic
clay. At the time of writing this report (September 1982), CP rail was
closed down for three to four days because of reactivation of one of
these old slides in the glacial deposits on the left bank of the Thomp-
son River. The wmovements were attributed to toe erosion by the river and
irrigation by farmers of the benchlands above. The slide, over 300 m in
length, was observed over a two-day period to be moving at am average

rate of 30 mm per hour, after which it failed suddenly.

Although it wag agreed that the primary cause of the earlier
slides was the application of water to the land by means of irrigation,
discussion ranged arcund the presence of clay beds at the bedrock con-
tact. Some people balieved that the set of sliding was in such a clay
seam. Stanton, in his careful examination of the Great Forth Slide,
concluded that no such clay seam exists, although boulder clay (till)
underlies the silt and overlies the black shale bedrock. Stanton, there-
fore, concluded that the slide failed by softening of the silt as a re-
sult of increase in water content. Skermer, however, examined the slide
debris at the site of the most northerly of the slides and found that,
in fact, the silr was layered with very thin seams of clay. This clay is
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slickensided, indicating that sliding has taken place on these clay
layers. The clay appears to be bentonitic in origin. Bentonite 1s the
extremely weak clay mineral that is the set of the major landslides and
s0il creeps that are seen in the Hat Creek Valley above the coal depo-
sits. In retrospect, it is not unreasonable that this type of clay min-
eral should be found redeposited as thin seams within the glacial lake
sequences of clay layered silis found downstream in the Thompson River.
Similar deposits of the bentonitic clay materials are found elsewhere
upstream in the Bonaparte drainage basin and thesge, too, could have been
washed into the glacial lake that occupied the Thompson River valley at

the close of the glacial periods.

Similarly, irrigation of glacial outwash benchland on the right
banks of the Thompson River just south of Bpences Bridge caused a disas-—
trous landslide in 1905. The slide swept rapidly across the river and
dammed it for four te five hours. Ten people were killed (see Drysdale,
1913).

In our opinion, there is a serious risk involved in diverting
Hat Creek in a canal around the perimeter of the pit where men and

equipment are working below.

In the early years of mining, the weak clay rocks would not be
exposed, and the pit slopes would be in layered glacial outwash mater-~
ials consisting of silts, sands, and gravels, If leakage out of the
canal did occur, it is quite possible that failure in the sands and gra-
vels could take place as a result of erosion by plping of fine soils
along preferred layers within those deposits or by sliding on thin clay
seams as seems to be the case at Ashcroft. Piping is a common and well
documented mode of fallure of earth dams on layered granular soils. Fur-
thermore, as mining progresses deeper into the pit, stress relief and
creep of the underlying claystones might cause shear movements along the

canal which could aggravate such leakages, and lead to canal rtupture.
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In summary, therefore, the geotechnical arguments against the
canal are twofold. Firstly, leakage out of the canal could impair the
stability of the pit slopes. Secondly, the reverse could happen, inso-
far as slope instability, unrelated to canal leakage, would lead to can-
al rupture. Although slope instability and canal failure are interrela-
ted, in practice, cause and effect are likely to be inseparable issues.
The pragmatic solution is to adopt another means for diversion of Hat
Creek. Such an alternative means should be either leakproof, or alter-
natively, far enough removed from the pit slopes that leakage could not
possibly impair stability. Alternatively, any means of diversion on, or
close to, the pit slopes should be capable of accepting, without damage,
slow creep movements in the foundation soils in the order of a few

metres or more.

4.4 Canal/Tunnel/Pipe Alternative
4.4.1 General

Although the earlier Monenco and HEDD studies indicated that
the canal close to the pit would probably have to be relocated into tun-
nel at a certain time as the pit encroached on the canal alignment, no
detailed studies werxe carried out on that aspect. The current study gave
detailed consideration to ali arrangements which could involve a tunnel
as a variation to either the canal or pipeline layouts for both the 800
MW and 2240 MW Schemes during the operational phases of the pit and for
long-term abandonment. A tunnel layout has not been treated as a com-
pletely separate alternative but merely as a variation on the canal or

pipeline arrangements described in Section 4.3.

A brief account is given in this section of the studies carried
out to select a tunnel layout and for the choice of optimum routes with-
in that layout., The preferred arrangement is described in detail. Appen-

dix A (Volume 2) gives a complete account of the tunnel studies.
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4.4.2 Layouts Considered

Three main tunnel layouts were considered for detailed study
(see Drawing 5).

(&) A pressure tunnel running under the eastern side of the pit and
driven sufficiently deeply below the pit to avoid interaction
with slopes of a pit excavated to recover the total coal recov-
ery. The tunnel would encounter surficial deposits and the
Medicine Creek Formation.

(B) A free—flow tunnel driven along an alignment between the east
margin of the pit and the eastern escarpment through weak vol-
caniclastics and surficial deposits.

() A free—flow tumnel at a higher level than layout B which would
be driven largely through the volcaniclastic rocks of the east-
ern escarpment. Alternative routes within this overall layout
could be chosen to avoid, or take advantage of, particular rock

sequences.

It was also hoped at the outset of the study that a suitable
tunnel could be selected which, in addition to providing the require-
ments of a safe and economic diversion, would also help to drain the
eastern pit slopes by intercepting seepage from the escarpment.

Layouts A and B proved to have two main difficulties in common:
they both would intercept considerable lengths of surficial deposits,
probably under high heads of ground water (definitely In the case of A,
possibly in the case of B); both tumnels would be driven partly through
claystones and siltstones of a bentonitic composition with inherent pro-
blems of squeezing and slaking. An appraisal of the current tunnelling
methods capable of dealing with high-~head water inflows in granular sur-
ficial sediments (freezing, grouting and dewatering) showed that it
would be impractical to attempt to drive a tunnel with such wajor con-
straints over the lengths and the depths being contemplated at Hat

Creek. For that reason, these layouts were not considered further.
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Layout C offered & choice of routes through the eastern escarp-
ment with upstream portals either in the Medicine Creek or Hat Creek
Valleys and downstream portals close to Harry Creek to the west of the
escarpment. The initial evaluation of the layouts showed that Layout C
wag feasible and merited a detailed study. For that reason, a program
of investigation was set up to assess the tunnelling problems which
might be encountered, to select the appropriate method of tunnel excava-—
tion, to establish the parameters on which a tumnel design and costing

could be based, and hence recommend the optimum route.

4,4.3 Tunnel Routes

The geology of the ecastern embankment area was poorly known at
the start of the study; an investigation was planned to obtain further
data to enable a tunnel feasibility assessment to be made. This com-
prised geological mapping, geophysical survey, diamond drilling, field
and laboratory testing. The details of the methods used and the results

obtained are contained in Volume 2, Appendix A.

Once the geology had been accurately defined, the area was zoned
into geotechnical units with distinct properties. These were designated
G to G5 and they were ascribed "tunnelling quality indexes” which en~-
abled them to be considered in relation to tumnelling methods (see Sec-
tion 4.4.4).

Tunnel routes were then selected on the basis of topography and
geologic reasons. Four routes were identified (Tl to T3A) and the pro-
portions of the various geotechnical units were assessed. The routes

were as follows:
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Tunnel 1 would be driven primarily in surficial deposits but
also for some distance through the Upper Volcanieclastics, they
would be dry or under a modest head only. The route would be
at the western edge of the escarpment. The upstream portal
would be in Hat Creek.

Tupnel 2 would be driven through surficials and the stronger
but brecclated rocks of the sequence, the altered andesites.

The upstream portal would be in Hat Creek.

Tunnel 3 would be driven through the Lower Volcaniclastics at
the eastern side of the escarpment but with an upstream portal

in Medicine Creek.

Tunnel 3A would be driven through the Upper Velcaniclastics but
from an upstream portal in the Hat Creek Valley. It would also

be necessary to traverse the surficials and altered andesites.

Studies were undertaken on these four routes to chose the
appropriate excavation method which would satisfy the requirements of
all the geotechnical zomes through which the tunnel would be driven.

Cost estimates were then produced for all four alternatives In order to
select the optimum tunnel route for inclusion in the main diversion

studies for the canal/tunnel/pipeline comparisons (see Appendix A).

44,4 Tunnelling Methods

Comparisons have been made of the state-of-the-art methods of
tunnel excavation and support relating to the various geotechnical
units. Advice was provided by our two tunnelling consultants, Mr. A.A.
Mathews in respect of "hard ground” tunnelling, and Dr. Z. Eisensteln in
respect of "soft ground” tumnelling. The methods considered included
the following:
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- Hand excavation for surficial deposits where there is not
a water problem;

- Shield-excavator for surficlals or weak rocks where sup-
port is needed at the face but the ground can be excava-
ted by a cutter or backhoe-type boom;

- Drill-and-blast for rock where it is uneconomic to invest
in a machine;

- Part-face tunnel boring machine (road-headers) for suit-~
able ground where a mechanized approach can be used but
which requires flexibility;

- Full-face tunnel boring machine where uniform rock condi-

tions exist and the capital cost can be justified,

Although particular excavation techniques are preferable for
specific geotechnical units, it is generally impracticable to change
tunnelling methods in any one alignment. In consequence, the method
applicable to the dominant geotechnical unit is 1likely to be that for
the complete tunnel. Thus, the following methods have been recommended

for the four routes:

T1 -~ Shield-excavator in surficials and rock; local drill
and blasting;

T2 — Hand excavatlon in surficials, drill-and-blast in rock;

T3 -~ Shield-excavator in surficials and Lower Volcaniclas-
tics; some local drill and blasting;

T3A - Shield-excavator in surficials and Lower Volcaniclas-

tics; drill and blast in altered andesites.

4.4.5 Tunnel Support
It has been assumed that all tunnel alternatives would require

temporary support and final lining for hydraulic reasoms; in some cases

these might both serve the same purpose.
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Techniques available dinclude:

- Concrete segmental lining placed as an integral part of
the excavation cycle;

- Rock bolting;

- Shotcrete with or without mesh;

- Cast-in-place concrete lining, locally reinforced;

- Steel sets.

After selection of the excavation method, it was possible to
choose the appropriate tunnel support/lining methods. The conclusions
were as follows:

Tl - concrete seguentazl lining

T2 =~ cast~in-place concrete lining in surficials and locally
in rock, rock bolting, shotcrete and mesh in rock;

T3 - concrete segmental lining in surficials and lower Vol-
caniclastics, local rock bolting and shotcrete;

T3A - concrete segmental lining in surficials and lower Vol-
caniclastics; drill-and-blast with shotcrete locally.

All routes might require the use of steel sets over short sec-
tions.

4.4.6 Tunnel Design

From the evaluation of geotechnical behaviour during tunnelling,
it has been concluded that either a circular or horseshoe-shaped tunnel
would he admissable, since for long-term stability a concrete or shot~
crete lining would be required and external ground pressures are not
excessive.

A diameter of approximately 2.4 m (8 ft.) is required for
hydraulic reasons and this is at the lower limit of the efficient use of
men and machines in a heading. It is anticipated, therefore, that the

tunnel would be driven at 3.0 m diameter.
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Excavation would likely proceed from two headings although, if
a machine were to be utilized, the larger part of the work would be

carried out from one end only.

Tunnel portals have not been given detailed consideration in

this feasibility study although they would need to in later phases.

4.4.7 Selection of Preferred Route

Comparison of the various alternative routes for a tunnel diver-
sion have resulted in the recommendation of Route T3A. The details of

the comparison are given in Appendix A.

The selection of the most appropriate tunnel route considers
both the inherent tunnel characteristics and the tunnel as an integral
part of the diversion scheme. For the purposes of route comparisons,
differences in hydraulic operating efficiency and maintenance costs dur—

ing the Iife of the structure are considered to be minor.

Factors considered in the selection of the preferred route
include cost, remoteness from the pit, geological conditions and implied
uncertainties and construction preferences. Since costs for Route T2
are within the range of Tl and T3, the first choice is primarily based
on geological and construction conditions. Normally, the use of a
machine for tummel excavation, as opposed to conventional mining, con-
tains a greater uncertainty on the construction outcome because of the
inflexibility of machine operation. In this case, however, the excava-
tion of Route T2 by drill-and-blast should consider the real possibility
of serious problems arising from the combination of extensive lengths of
tunnel of low RQD and adverse water conditions, complicated by the pre-
sence of a sub—parallel fault. Such ground water conditions are unlikely
to present major problems in the more competent rocks traversed by T3
and T3A and, furthermore, the uniformity of the G4 geotechnical unit

makes machine excavation reasonably reliable.
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Thus, tunnel excavations by machine for Routes T1l, T3 or T3A is
preferred to conventional driving of Route T2, on the basis of certainty
of construction outcome. An added benefit of this choice is the ability
to utilize a precast concrete lining for both construction and opera-
tional functions. This lining method is most suited to a free-flow or

low pressure tunnel for the present geological conditioms.

The comparison of Routes T3 and T3A considers the saving in cost
of tunnel ($2 million) for the shorter route, relative to the greater
costs of pipeline/canal and earthworks structures at the Medicine Creek
crossing., It is estimated that the extra costs for pipeline/canal/earth-
works associated with the shorter tunnel route are less than $2 million,
especially if the favoured alternative of the pipeline, instead of
canal, is considered. Major aspects in this comparison are the uncer-
tainty related to the slide zone identified on Route T3 and the variable
geology within the block faulted zones in that area of tunnelling. Since
no other major factors influence the comparison of T3 and T3A routes,

Route T3 is eliminated from further consideration.

The greater cost of Route T3A compared to that for Route Tl is
essentially a consequence of its greater length; as noted earlier, unit
costs are very similar. This cost difference can be directly compared

to two major differences between the two routes:

(1) proximity to the ultimate pit rim;
(2 differences in construction problems as a consequence of

having to cross the altered andesite unit twice.

Route Tl is located approximately 400 m distant from the pit
rim. The adequacy of this separation must consider the potential for
seepage from the tunnel wmodifying the ground water conditions around the

plt, the possibility of deep-seated pit slope failures affecting the
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tunnel, and the uncertainty regarding the ultimate position of the pit
rim. This last factor is influenced by the life of the scheme, the dis-
covery of new deposits, and modified pit sliope angles. It should be
noted that unless special precautions and lining construction practices
are adopted, some seepage through the precast lining into the rock is to

be expected.

The geological investigations indicate that the contacts be-
tween the andesite and the Upper and Lower Volcaniclastics that would be
crossed by Route T3A are not expected to present significant tunnelling
problems. An allowance for the different tummelling conditions in the
andesite unit has been made in the construction and cost estimate. Thus,
on the basis of the above discussion of the various factors affecting
the choice of the tunnel route, it is recommended that Route T3A be

adopted as the preferred alternative.
4.4.8 Canal/Tunnel/Pipe Arrangements
In addition to the tumnel youte (described above), the princi-
pal components of the tunnel diversion arrangement are given below.
Drawings 6 and 7 illustrate this arrangement for the 800 MW and 2240 MW
Schemes, respectively, The arrangement would be the same for both
schemes, Table 4 summarizes the diversion tunnel parameters.
(1) Headworks Dam and Intake
The design and location of the headworks dam for the tunnel
arrangement would be identical to that of the canal arrange-
ment described earlier.

(2) Headworks Dam to Tunnel Portal

The diversion of Hat Creek from the headworks dam at elevation

975 m to the tunnel portal at 962 m follows essentially along
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TABLE 4

Tunnel Diversion Parameters

800 MW and
2240 MW Schemes

Intake and diversion dam

Max., reservoir water level
Average dam height

Intake to Ambusten Creeck

Diversion method
Length
Mean gradient

Ambusten Creek to tunnel portal

Diversion method
Length
Mean gradient

Tunnel Section

Type
Diameter

Length
Mean gradient

Discharge conduit {west)

Type
Diameter
Length

Mean gradient

TOTAL LENGTH OF DIVERSION

976 m
15 m

Canal
1,500 m
0.02%

2.4 m dia F.R.P,
2,230 m
0.63%

Concrete Segmental Lining
2.4 m (probably
3.0 m driven)
3,395 m
0.597%

F.R.P. or C.P.P.
1.8m dia
1,950 m

b.4%

9,075 m
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(3>

(4)

the same route as for the initial portion of the canal arrange-
ment, This is shown on Drawings 6 and 7, and described in Sec-
tion 4.3.2,

The use of large diameter pipes to the tunnel portal was also
considered. However, the limited allowable head loss would re-

quire the use of oversize and, hence, expensive pipes.
Discharge Conduit

From the tunnel exit portal close to Harry Creek at approximate
elevation 942 m, the water would be returned to the original
Hat Creek channel in a conduit, similar to that for the canal
arrangement. Two pipeline routes were considered and are shown

on Drawings 6 and 7.

The west discharge conduit route, which is preferred, would
travel along the west side of Harry Creek skirting around the
coal blending area and then discharging to Hat Creek, just up-
stream of the Indian Reserve boundary. This route i1s relatively
short, but the pipe would have to be kept away from the coal
stockpiles, since it would be costly to design the pipe for
high overburden pressures and repair of the pipe would be dif-
ficult. ¥Fibreglass Reinforced Pipe (F.R.P.) or Corrugated
Polyethylene Pipe (C.P.P.) would be used. An alternative dis-
charge conduit route wast of Harry Creek was also considered,

but this would be 360 m longer (18 per cent).

Pit Rim Dam and Pumphouse

A pit rim dam and pumphouse would be required immediately up-
stream of the pit to intercept seepage and local inflows. A

pumphouse and a pipeline would be provided to pump the water up

to the main diversion.
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(5) Minor Diversions

The same minor diversions as for the canal arrangement would be

required for the tumnel scheme. These were discussed in Section

4.3.2.

4,5 Pipelines
4,5.1 General

Pipeline arrangements would use a combination of two or three
polyethylene pressure pipes laid on pit benches to divert Hat Creek
water past the pit. Initially the pipe would be laid alongside the pre-
sent Hat Creek channel and, as the pit developed, the pipes would be
moved further out. It should not be necessary to have more than a limi-
ted number of pipe moves during the life of the pit. They would be moved

one at a time during periods of low flows when one pipe would be empty.

The pipeline arrangement is simple and economical and Hat Creek
would remain in the valley, where in a sense it "belongs”. Different

pipeline arrangements are shown In Drawings 8 to 12,

4.5.2 Pipe Materials

Several different pipe materials were investigated for their
suitability for use in the Hat Creek Diversion. 1In recent years, new
types of pipe materials have become available. The pipes considered
were large diameter polyethylene pressure pipe, fibreglass reinforced
pipe and corrugated polyethylene pipe. More conventional materials such
as corrugated steel pipe and concrete pipe were alse considered. Table
5 summarizes the main advantages and the disadvantages of these differ-

ent materials.
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TABLE 5

Comparison of Pipe Materials

Polyethylene Pressure Pipe

Advantages: Very tough, durable, lightweight and easily movable,
can be free standing above ground installation, leak-
proof, continuous joints (butt fusion).

Digadvantages: High cost, maximum diameter ig 1.5 m, joints diffi-
cult to test.

Fibreglass Reinforced Plastic Pipe

Advantages: Durable, leakproof, available in larger diameters up
to 6 m, double O-ring joints can be pressure tested,
easy to repair, lightweight.

Disadvantages: High cost, not easily movable since pipe is not as
tough.

Corrugated Polyethylene Pipe

Advantages: Tough, durable, flexible, lightweight.

Disadvantages: High cost, limited'experience and availability, low
pressure range.

Corrugated Steel Pipe

Advantagesg: Low cost, lightweight, wide experience.
Disadvantages: leaks, not as durable, not easily movable.

Concrete Pipes

Advantages: High pressure capability, high external loads, wide
experience.,
Disadvantages: High cost, rigid, heavyweight, not movable.

Note: Toughness refers to high impact resistance.
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Polyethylene Pressure Pipe

Polyethylene pressure pipe is manufactured from a high molecu-
lar weight, high density resin, and is available in Canada from Dupont

as Sclairpipe or from Phillips Petroleum as Driscopipe.

Polyethylene pressure pipe is an extremely tough (high impact
resistance), durable, flexible and light-weight material. It absorbs
impact loads over a wide temperature range allowing simple moving and
handling, installation and above ground placement. The pipe is avail-~
able in inside diameters of up to 1.5 m (59 incheg) and is designed for
internal pressures of up to (.31 MPa (45 psi). The nominal diameter of
the pipe is 1.6 m (63 inches OD). Short lengths of pipe can be joined
by butt fusion into a number of 100 to 200 m contipuocus lengths, con-

nected by bolted, flanged couplings.

In general, it is a reliable material and it is widely used in
the mining industry for tailings pipe lines. Its chief disadvantages are
the high cost and the lack of sizes above 1.5 m diameter. Also Important
is the problem that there is no simple wmethod to test the butt fusion
joints, although when properly carried out they are as strong as the
pipe itself.

For the Hat Creek diversion, polyethylene pressure pipe has the
advantage that it could be installed on the ground surface without bur-
ial and it could be readily moved as necessary by unbolting the flanged

connections, and hauling the pipe with a 'dozer to its new location.

Fibreglass Reinforced Pipe

Fibreglass Reinforced Pipe (F.R.P.) (also known as Fibreglass
Reinforced Plastic Pipe) consists of a plastic pipe around which is

wound a tape made of continous glass fibre strands impregnated with
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resin. The pipe is smooth on the inside and the maximum pressure capa-
city of the pipe is determined by the thickness of the pipe wall, and

can be specified over a wide range.

The advantage of F.E.P. is that it is available in larger dia-
meters than polyethylene pressure pipe and, therefore, friction 1655&s
can be minimized. However, it is not as robust as polyethylene pipe,
and it would either have to bte supported on the sides by earth beams, or
buried in a shallow trench. It is not, therefore, as easily movable.
F.R.P, would be most suitable for conveying Hat Creek water along the
approaches to the pit, and downstream of the pit where the pipe would
not have to be moved during pit expansion. Large diameter F.R.P, has
been used frequently for penstocks in hydro-electric projects, for exam-
ple, 450 m of 2.7 m diameter F.R.P. was recently supplied to Ontario
Hydro.

Corrugated Polyethylene Pipe

The third type of pipe considered was a new product called
Spirolite made by Gulf Plastics Division in Georgia, USA., It is a cor-
rugated pipe, smooth on the inside with reinforcing corrugations on the
outside. 1Its advantages are that it 1s available in larger sizes than
polyethylene pressure pipes and it is tougher then F.R.P. It is also
somewhat more flexible. As for F.R.P., it is intended to be buried. The
main disadvantage is that it is only able to withstand limited internal
pressures. Only limited experience with the material is available to

date and the pipe is not yet available from a Canadian manufacturer.

Other Pipe Materials

Materials also considered but rejected were corrugated steel

" pipe (CSP), precast concrete sewer pipe and prestressed embedded con-

crete cylinder pipe. Much experience is available with the use of these

materials, Corrugated steel pipe is attractive because of its low costs,
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but it is not as durable as the other available products. More import-
antly, it is not leakproof and it could, therefore, contribute to pit
slope instability through slow, undetected water leakage. For the tun-
nel alternative, CSP pipe could be used for the east discharge conduit
since it would be located far from the pit and leakage would not impair
plt slope stability.

Precast concrete and prestressed concrete pipes were considered
but were rejected because of their high cost, very heavy weight and be-

cause they would be difficult to move about.

Recommended Pipe Material

Two types of pipe material are recommended for the Hat Creek
Diversion. Within or around the pit, polyethylene pressure pipes would
be used. No other pipe currently available would be suitable because
the pipe in this section must be robust, leakproof and lightweight

enough to permit easy pipe moves.

On the approaches to the pit and downstream of the pit, fibre-
glass reinforced pipe would be used. It was selected over polyethylene
pressure pipe bcause F.R.P. is available in larger diameters so that a
single pipe could used; it was preferred to corrugated polyethylene pipe
because of F.R.P.'s pressure capabilities.

With the possibility of newer pipe materials in the future, the
selected pipe materials should be reinvestigated for the final design.

4.,5.3 Pipe Diversion Layouts

A mumber of pipeline diversion layouts were considered ranging
from a simple low-level diversion scheme to more complex higher-level
diversion schemes. Generally, the higher the pipeline is in elevation
and the further the diversion from the valley bottom, the more complex
and more expensive it becomes. Four of the pipeline diversion layouts

considered are discussed below.
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Low Level

The low~level pipeline diversion layout would be the simplest
and the most economical method of diverting Hat Creek., It has been
limited to the 800 MW Scheme. An overview of the low-level diversion
arrangement 1s shown in Drawing No. 8. Hat Creek would be diverted by a
low dyke just upstream from the pit rim into twin polyethylene pressure
pipes. Initially, the pipe would be laid along the valley bottom, but
as the pit excavation proceeded, it would be necessary to relocate the
pipelines on the pit benches. Immediately past the downstream pit rim
and the conveyor embankments, the water would be discharged into the
original Hat Creek channel. A leachate lagoon by-—pass conduit would be
provided, located on the eastern side of the valley and slightly below
the normal leachate lagoon level. During extreme floods, Hat Creek
water would be required to pond upstream of the leachate lagoon to pro-
vide sufficient head to convey it through the by-pass conduit. Below
the leachate lagoon, the water would be returned directly into the ori-
ginal Hat Creek channel. This channel might be relocated slightly to

avolid the sedimentation ponds.

The advantages of the low-level diversion method would be its
low cost and its simplicity. The principal disadvantage would be that
the leachate lagoon by-pass conduit would lie below the normal leachate
lagoon level. Since failure of the leachate lagoon would have very ser-
ious consequences, it would be desirable to have the by-pass conduit at
a higher elevation than the maximum lagoon level and to one side. Ano-
ther disadvantage would be that the section of diversion between the
conveyor embankments and the lsachate lagoon would be open channel and

therefore subject to possible contamination from mine activities.

Mid Level

The mid-level pipeline diversion layout would be a compromise

between the low-level route and a much higher diversion route. The mid-
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level diversion arrangement is shown for the 800 MW and the 2240 MW pro-
jects on Drawings No. 9 and 10, respectively. The two main disadvantages
of the low-level layout discussed above would be eliminated., A summary
of the pipeline diversion parameters for the mid-level layout are shown
on Table & for both the 800 MW and 2240 MW Schemes.

Hat Creek would be directed into a single large diameter fibre-—
glass reinforced pipe (F.R.P.) by a diversion dam which for the 800 MW
Scheme would be located a short distance upstream of the pit rim boun-
dary. Since additional head would be required for the mid-level route
in comparison with the low~level route, the dam would be higher. For the
2240 MW project, the dam location would be moved upstream to Medicine
Creek to gain the required elevation. The fibreglass reinforced pipe
would carry Hat Creek from the dam to the pit rim. Twin polyethylene
pressure pipes would carry the flow around the pit. As before, the poly-
ethylene pipes would be laid on the pit benches, and they wbuld be moved
as the pit excavation proceeded. From the conveyor embankments, the
flow would be carried in a single, large diameter fibreglass reinforced
pipe to a point beyond the leachate lagoon. Beside the leachate lagoon
the pipe would be located above the maximum lagoon level and separated
from the lagoon by a roadway. This location would facilitate the repair

or maintenance of either the lagoon or the pipe without each affecting

the other.
The mid~level route would offer the advantage of simplicity;
mereover, the problem associated with proximity of the diversion to the

leachate lagoon, would be satisfactorily treated.

High Level (20 m3/s)

The high-level diversion layout is shown on Drawing 11, illus-
trating the many different combinations of pipes, routings, and design
flows that would be possible.
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TABLE 6

Pipeline Diversion Parameters
(Mid-Level Layout)

800 MW Scheme

2240 MW Scheme

(m) {m)
Intake and diversion dam
Maximum reservoir water level 898 923
Average dam height 10 15
Intake to pit rim _
Pipe type F.R.P. F.R.P.
Pipe diameter 2.4 2.4
Length 420 1080
Within Pit
Pipe type Twin PPP Twin PPP
Pipe diameter 1.5 1.5
Initial pipe length 2 x 1470 2 x 2050
Final pipe length 2 x 1700 2 x 2840
Approx. number of pipe moves 3 to 4 Approx. 8
Embankment section
Number of embankments 1 2
Pipe type Twin PPP Twin PPP
Pipe diameter 1.5 1.5
Length 2 x 500 2 x 730
Embankment to past leachate lagoon
Pipe type F.R.P. F.R.P.
Pipe diameter 2.4 2.4
Length 1155 635
Discharge conduit after leachate lagoon
Pipe type F.R.P. F.R.P.
Pipe diameter 2.1 2.1
Length 135 135
QOpen Channel
Approximate length 600 600
Total length of diversion
Initial length 4280 5230
Final length 4510 6020

Note: F.R.P. is Fibreglass Reinforced Pipe
PPP is Polyethylene Pressure Pipe
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A dam would be provided upstream of the pit near Medicine Creek
to raise the water in Hat Creek to a level that would allow it to flow
in a canal or pipeline along the side slopes of the first bench above
the valley floor. In the pit, the flow would be accommodated in twin
polyethylene pipes laid on benches, The pipes would either slope down
to and along the valley bottom as described for the mid-level scheme, or
they could be extended to discharge into Hat Creek further downstreanm,

thus avoiding the leachate lagoons.

With the 800 MW mine development plan, it might not be necessary
to move the pipe during the entire life of the mine. The bench on which
the pipes would be located is scheduled for comnstruction in year 3, but
excavation of this bench initially would invelve only a relatively minor
change in mine plam. It might be possible to leave the creek in the
valley bottom for the first one or two years of operation, either in the
original location or carried in twin polyethylene pipes as in the other

pipeline arrangements.

With the arrangement as illustrated, the capacity would be about
20 m3/s which approximately represents the 180-year flood. This seems a
reasonable level of safety by normal standards, but if the scheme were
adopted, it would be necessary to carry out much more thorough risk-cost

analyses to find the optimum design.

For the larger 2240 MW pit, the polyethylene pipes within the
pit would have to be moved several times as the pit expanded and hence
much of the attractiveness of the high~level route is lost. Furthermore,
the longer length of pipe required to convey the flow around the larger
pit would use up additional head. This means that the diversion down—

stream of the pit would need to be located close to the valley bottom
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and, therefore, cleoser to the leachate lagoons. Since the high-level
route for the 2240 MW project would offer no advantages over the mid-
level route described earlier, the high-level route for the 2240 MW pro-

ject was not considered further.
Triple Pipe

The triple pipe diversion layout is shown on Drawing No. 12. It
would use three polyethylene pressure pipes around the pit rather than
two. Three pipes would offer considerably more capacity and less head
loss than two pipes and, therefore, the scheme would allow the pipes to
exit from the pit at a higher elevation. This would allow much more
flexibility in locating the exit from the pipe and thus routing around
the congested conveyor embankment region would be simplified. The in-
creased preéessures available would also permit extra flexibility in pipe
routing near the leachate lagocn. However, the cost of an additional
pipe would be substantial and since with careful mine planning a twin
pipe system would be sufficient, the three pipe system ﬁas not studied
further.

4,5.4 Diversion Dams

For the mid-level pipeline layouts, a diversion dam would be
located a few hundred metres upstream of the pit. Most of the time, the
dam would not be required to impound water. The height of the dam was
chosen to provide sufficient head to ensure full flow in the diversion
pipe for the design flow, The locations for the 800 MW and 2240 MW
Schemes and typical c<ross-sections are shown on Drawing 13. A better
location for the diversiom dams for the 2240 MW Scheme would appear to
be about 200 m upstream of the location proposed by HEDD (1978) for the

pit rim dam. This is just downstream of the confluence of Medicine Creek

-and Hat Creek. This location would appear to have advantages over omne

further downstream namely better abutments for the dam and lower dam

height. This would result in a reduced dam volume, for the same dam
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crest elevation, the level of the valley bottom being about 5 m higher
at this upstream location. The crest length of the dam would be about
50 m less compared to that at the downstream location. Furthermore, on
the left abutment at the downstream pit rim dam location, a recent soil
slide has occurred.’ Drillholes have been sunk at the proposed pit rim
dam location and for final design further drillholes would need to be
put down at the upstream location shown here. However, assuming similar
foundation conditions, the dam cross—section shown on Drawing 13 has
been designed. A glacial till core inclined slightly upstream is
proposed together with sand and gravel shells. The core width has been
designed to the standard criterion that at any elevation it should not
be less than the height of embankment above that elevation. For a dam
designed to the crest elevation of 925 m at the upstream location of the
2240 MW Scheme, the volume of f£fill would be about 25,000 m3.

By suitable selection from the copious borrow materials avail-
able, it would be possible to eliminate the need for filters which are
difficult to conmstruct in small dams. Consequently, steep downstream
slopes would be possible using a rockfill downstream toe and pumping
from the proposed under—-seepage control pressure relief wells, These
wells would be spaced at approximately 15 to 20 m intervals and located
at the downstream toe of the dam. Approximately 12 such wells would be
needed; their depth would vary between 10 to 30 m. If they were taken
down to the claystone, they wculd minimize subsurface flows from the Hat
Creek Valley into the open pit. The minimum diameter of the wells would
be 0.15 m and they should be surrounded by a gravel filter pack of 0.15
m minimam thickness. Water pumped from the wells could be directed into
the diversion pipe downstream of the valve. Details for the final de-
signs of the diversion dam can be found in USBR (1973).

The intake pipe, which 1s shown on Drawing 13, would consist of

a concrete pressure pipe located beneath the dam in line with the exist-

ing Hat Creek channel upstream.
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A reinforced concrete intake structure would be located at the
upstream toe of the dam. A small settling basin would be required up-
stream of the intake to settle out bed load in the creek. The trash rack
in front of the intake would be of sufficient area to minimize veloci-
ties and hydraulic losses through it. The trash rack surface would be
sloping to permit floating debris to collect at the water surface. An
access road leading down to the intake would be required for trash rack
cleaning. The intake itself would have tapered wing walls and a well
rounded entrance to keep the entrance losses as low as possible. A re-
inforced concrete transition structure would convey the flow from the

rectangular intake to the circular concrete pressure pipe under the dam.

The end of the concrete pressure pipe downstream of the dam
would be flanged for attachment to the F.R.P. Stop logs and a butterfly
valve would be provided to allow for short—term inspection and repair of
the F.R.P.

Under operating conditions with the water level at the top of
the pipe at the intake, the capacity would be about 12 m3/s. Thus, in
general, compared to the maximum flood on record in Hat Creek of 14,6
m3/s, it can be seen that the diversion dam would rarely pond water. If
the dam were to impound water to the design flood elevations shown on
Drawing 13, the diversion would carry the 1000-year design flood of 27
m3/ s. During a 35-year mine life, the probability of this occurring
would be 3-1/2 per cent.

Flows in excess of the design flood would be discharged over an
emergency spillway. A spillway constructed of placed rockfill should be
adequate, and a suitable location would be around the centre of the dam
in line with the existing Hat Creek channel on the downstream side. The
spillway would rarely, if ever, be used, and more elaborate designs
using reinforced concrete, reinforced rockfill or gabions do not seem
warranted. However, an alternative, less expensive method of construct-

ing a lined spillway channel would be to use shotcrete and a more de-
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tailed study should be made on the design slope. Basically, this would
consist of a shotcrete channel lined with conventional concrete side
walls running down the surface of the dam. The toe of the apron would
be constructed of conventional concrete and would be of sufficient depth
to prevent undermining of the apron. The use of shotcrete simplifies
placement and its use would be economical if a concrete plant were loca~

ted nearby.

As an alternative design to a zoned earthfill dam, comsideration
might be given to an overflow-throughflow rockfill diversion dam employ-
ing an impermeable membrane on the upstream face made of clay, bitumen
mastic or comcrete. Depending on the availability of rockfill, such a
dam might be simpler and less expensive than a compacted zZoned embank-~
ment. In that case, the spillway could be eliminated, since the rock-
fill embankment acts as such., Details can be found in Stephenson

(1979).

5.0 COSTING OF DIVERSION ARRANGEMENTS

5.1 Basis For Costing

An experienced independent estimator, Bellevue Consultants Inc.,
was retained to provide detailed up-to-date cost estimates for the canal
and tunnel diversion arrangements; those two reports have been submitted
separately to BCH. The pipeline costs were estimated by Sigma Engineer-—
ing Ltd. All cost estimates are in 1982 dollars and are compatible in

terms of labour rates, profit, overhead and contingency markups.

The earthwork costs provided by Bellevue Consultants and price
quotations from pipe manufacturers were used as the basis for unit costs

for different elements of the pipeline diversion arrangement produced by

Sigma.
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5.2 Cost of Diversion

The capital costs of the different diversion arrangements are

given in Tables 7 to 10 and are summarized below:

Canal arrangement 800 MW and 2240 MW $ 26 Million
Tunnel arrangement 2240 MW $ 48 Million
Pipeline arrangement 800 MW $ 16 Million
(mid-level layout)

Pipeline arrangement 2240 WM $ 19 Million

(mid-level layout)

Allowances have been made for engineering (15 per cent), con-
tingencies (20 per cent) and corporate overhead (5 per cent)., No allow-
ances were made for inflation, operation, pipe moves or future canal
relocation., Costs for the pipeline layout include both initial and
final capital costs when the total length of pipe has been installed.

These costs have been taken into account in the selection of

the recommended diversion arrangenent discussed in Section 6 of this

report.
6.0 SELECTION OF RECOMMENDED DIVERSION ARRANGEMENT
6.1 General

The selection of the recommended diversion arrangement was made
by comparison of the alternatives on the basis of cost, potential pro-
blems, comnstructional and operational aspects. The three diversion

arrangements are compared in tabular form in Table 11.

6.2 Capital Cost

The cost of the tunrel arrangement ($48 million) is almost
twice the cost of the canal arrangement ($26 miliion) and three times
the cost of the pipeline arrangement ($16 to $19 million). The high
cost of tunnel is 2 major adverse factor in its comnsideration as a
preferred diversion alternative.
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TABLE 7

Canal Diversion Costs for 800 MW or 2240 MW Schemes
(All Costs at 1982 Price Levels)

$ Thousands

Headworks Dam

Dam 1,230
Spilllway 540
Diversion Canal/Pipe

Intake 190
Canals 3,440
Pipe 3,500
Creek Crossings 1,600
Pipe ~ Canal Transition Structures 60

Diversion Conduit

Intake 330
Pipe 3,340
Outlet Works 140
Pit Rim Dam
Dan 1,980
Spillway 490
Pumphouse and Pipeline 270
Finmey Creek Diversion
Headworks Structure 90
Canal 750
Outlet Structure 180
SUBTOTAL 18,130
Engineering, Contingencies
and Overhead (totalling 45 per cent)¥* 8,158
TOTAL 5 26,288

TOTAL INITIAL COST § 26 Million

* This is made up of Engineering 15 per cent; Contin-
gencies 20 per cent, and Corporate Overhead 5 per
cent, all compounded, as in the original design cost
estimates by HEDD (1978).
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TABLE 8

Canal/Tunnel/Pipe Diversion Costs for 2240 MW Schemes
(All Costs at 1982 Price Levels)

$ Thousands

Headworks Pam

Danm 1,230
Spilllway 540
Diversion Canal/Pipe

Intake 190
Canal 1,100
Pipe 3,500
Creek Crossings 1,600
Canal ~ Pipe Transition Structures 30

Discharge Conduit

Pipe 2,230
Outlet Works 140
Pit Rim Dam
Dam 1,980
Spillway 490
Pumphouse and Pipeline 270
Finney Creek Diversion
Headworks Structure 90
Canal 750
Outlet Structure - 180
SUBTOTAL 14,320
Tunnel (T3A Alternative) 19,080
SUBTOTAL 33,400
Engineering, Contingencies and
Overhead (totalling 45 per cent)¥* 15,030
TQTAL 548,430

TOTAL CAPITAL COST $ 48 Million

* This is made up of Engineering 15 per cent; Contin-
gencies 20 per cent; and Corporate Overhead 5 per
cent, all compounded, as in the original design cost
estimates by HEDD (1978).
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TABLE 9
Pipeline Diversion Costs for 800 MW Scheme
Mid-Level Layout
(A1l Costs At 1982 Price Levels)
$ Thousands
Final Initial
Location Location
Intake
Embankment 8 780 5 780
Intake Structure 140 140
Spillway - Emergency 70 70
Pipeline.
Fibreglass Reinforced Pipe 820 820
Polyethylene Pressure Pipe 3,200 2,800
Pit Rim - Embankment Region 2,800 2,800
Leachate Lagoon Bypass 2,700 2,700
Open Channel 410 410
SUBTOTAL $ 10,920 $ 10,520
Engineering, contingencies and
overhead (totalling 45 per cent)* 4,914 4,734
TOTAL $ 15,834 $ 15,254
TOTAL CAPITAL COSTS $ 16 million $ 15 million

* This 1s made uwp of Engineering 15 per cent; Contingencies 20

per cent; and Corporate Overhead 5 per cent,

all compounded

as in the original design cost estimates by HEDD (1978).
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TABLE 10
Pipeline Diversion Costs for 2240 MW Scheme
Mid-Level Layout
(All Costs At 1982 Price Levels)
$ Thousands
Final Initial
Location Location

Intake
Embankment $ 1,200 $ 1,200
Intake Structure 170 170
Spillway — Emergency 90 90
Pipeline
Fibreglass Relnforced Pipe 1,900 1,900
Polyethylene Pressure Pipe 5,400 3,900
Embankment Region 2,340 2,340
Leachate Lagoon Bypass 1,800 1,800
Open Channel 41Q 410

SUBTOTAL $ 13,310 $ 11,810
Engineering, contingencies and
overhead (totalling 45 per cent)* 5,990 5,314

TOTAL $ 19,300 8 17,124

TOTAL CAPITAL CQOSTS § 19 million $ 17 million
*

This is made up of Engineering 15 per cent; Contingencies 20
per cent; and Corporate Overhead 5 per cent, all compounded,

as in the original design cost estimates by HEDD (1978).
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TABLE 11

Comparison of Diversion Arrangements

Capital Cost

Canal

Canal/Tunnel/Pipe

Pipeline

800 MW
2240 MW

Potential Problems
Sudden failure

Slow leakage .
Pit slope stability

Eazge of repair

System Components

Dams
Pumphouse
Creek crossings

Minor diversiouns

Interference with mine

Ease of . construction

Cperational Aspecis

Ingpections

Maintenance frequency
Adaptability to changes

in mine plans

Interference with mine

operation

$26 million
$26 million

Canal breach possible

Probable

Decreased

Hay be hard to locate
leaks, but repair is

simple. Repair of canal
breach difficult.

Headworks and pit rim dams
Required at plt rim

Ambusten and Medicine
Creeks

Finney, Ambusten, Medicine
Creeks

Coal blending areas

Simple

Required
High

¥ot readily adaptable,
rigid

Moderate to low

$48 million
$48 million

Canal section - possible
Tunnel section

Canal upstream of tunnel
Poesibly increased

Tunnel repair difffcult
except at low flaws

Headworks and pit rim dams
Required at pit rim

Ambusten and Medicine
Creeks

Finney, Ambusten, Medicine
Creeks

Coal blending areas

Tunnelling more complex
than alternatives

Required
Moderate

No conflicts with fore-
geeable mine plans

Minimal

$16 million
$19 million

Butt fusion joint failure,
physical damage

None
No effect

Easy to locate and repalr
leaks

Diversion dam
None
Rone

2240 MW Scheme only: short
Finney Creek diversfon

Open pit mine, pit exit
region, leachate lagoon

Simple

Regquired
Hoderate
Flexible

Moderate
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6.3 Potential Problems

6.3.1 Pit S5lope Failures

The reliability of the diversion system is of primary concern
since the consequences of failure could be very serious, resulting in
shutdown of the mine and powerplant and danger to men and equipment

working in the pit below.

The main geotechnical issue is the influence on pit slope sta-
bility as the result of the implementation of any of the various diver-
sion alternatives. The insidious nature of leakage from a canal around
the pit on pit slope stability is a concern. Plastic liners are not
leakproof, since in construction practice it is virtually impossible to
seal the joints. Futhermore, leakage tends to be concentrated at speci-
fic locations and this may be particularly harmful in terms of inducing

slope instability.

The first real evideace of instability would, in fact, be slope
movement. For this reason, a canal arcund the pit is not recommended. A
canal failure upstream would likely be less damaging, since although it
would discharge into the pit, the sudden flow of water would not neces-—

sarily in itself induce pit slope instability.

Similarly, although Ffallure of a pipeline would cause a flood
into the pit, it would not, in gemeral, lead to pit slope instability

unless the flow continued for a long~term saturating the ground.

The difference from a geotechnical viewpoint between canal and
pipeline failures is that the pipe does not leak slowly, although it
could perhaps burst and that would be readily detectable. It would not,

however, cause long-term buildup of pore water pressures in the slope
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materials, which is the factor leading to slope instability., Experience
with pipes used for tailings disposal shows that pipes can fail when
they are empty, if joints pull apart because of temperature coantrac-
tions. However, water flowing in the pipes moderates the temperature
variations, and contractive failure 1s less likely. In practice, con-
tractive failures are guarded against by snaking the pipe to increase

the effective length.
6.3.2 Canal

The canal could fail by sudden breach of the embankment, or by
slow leakage, Embankment breach, which would result in flooding of the
pit, could be caused by high flows overtopping and eroding the embank-
ment or by piping through an embankment damaged by ice, animals or vege-
tation. For most monthly Hat Creek flows, the pit perimeter drainage
collection system could be sized to handle an emergency spill from a
breach. Emergency repair of a breached canal embankment should be pos-
sible during operation since adequate earthmoving equipment would be
available at the mine gite, Canal reliability against sudden failure
could be significantly increased by a regular inspection and maintenance

program.

The most serious disadvantage of the canal method of diversion
relates to pit slope stability (see Section 6.3.1 above). It is the
effect of slow leakage from a canal around the pit slope that is the
major cause of concern. Sudden failure of the canal could be seen and
dealt with, and might only result in a concentrated flow of water to-
wards the pit. Undetected leakage might go on for years and might re-
sult in uncontrollable pit slope failure. Only with the most extensive

monitoring equipment could camal leakage be detected.
The repair of slow leakage, although generally not an emergen-

cy, would be difficult and would present two problems. Firstly, the sec-

tion of canal under repair would have to be drained of water. During low
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flow months, this could be done using the mine drainage system or a
small temporary by-pass pipeline and a pump. The more difficult problem
would be locating the leak. A considerable length of canal might have
to be reconstructed in order to be sure that the leak had been repaired.

6.3.3 Pipeline

In terms of maintenance, the advantage of the pipeline arrange-
ment would be that by using two pipes, one pipe could be shut down for
repairs while the other pipe continued to divert the flow. The mine
drainage system in the region of the pipelines could also be sized to
handle, on an emergency basis, average Hat Creek flows.

For the plpeline arrangement, it is possible for either a pipe
joint or the pipe itself to fail. Fxperience with polyethylene pipe has
shown that failure occurs most commonly at a butt fusion joint, Usually,
such failures have been traced to poor jointing procedures in cold
weather conditions. Unfortunately, there is presently no reliable method
for testing butt fuslon joints after they are made, but reliability can
be increased by ensuring good joining procedures,

Failure of the pipe itself rarely occurs, and when it does it
1s usually due to accidental mechanical damage, for example, by being

driven over by construction equipment. Such physical damage could be
minimized by warning signs, and protective ditches, berms and earth

covers over the pipe. Should the pipeline be located over a coal sean,
or rock surface, sufficient bedding material would be provided to cus-—
hion and insulate the pipe from a possible coal fire.

The fire hazard was considered, and apart from coal seams pos-—
sibly being exposed in the northern cormer of the pit at about elevation
850 m, the pipeline would not lie on coal benches. Furthermore, exper—
ience suggests that spontaneous combustion does not take place in in
situ coal, i.e., on exposed coal seams, but rather in stockpiles of ex-
cavated coal (Dr. B. Dutt, personal communication). The fire hazard

would not, therefore, appear to be a serious risk.
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6.3.4 Tunnel

Although the tunnel would be the most reliable diversion
arrangement, it could also be subject to possible failure. Experience
shows that most difficulties occur at or near tunnel portals. Careful
consideration would need to be given to designs. Upstream of the tun~
nel, on the steeper side slopes, the canal and the pipe sections could

be subject to failure.

Repair of a tunmnel problem would be exceedingly difficult, and
it would be unlikely that the mine drainage system would be able to han-
dle the Hat Creek flows for the length of time needed for repairs to be

completed.

.l System Components

Another major factor in the choice of a diversion arrangement
is the siting of the system components in relation to the topography and
the planned mine structures. In most cases, simple arrangements result
in greater reliability since there are fewer components to give pro-—

blems.

Diversion dams would be relatively expensive structures and
their size should be minimized. Ponding of water immediately above the
pit rim would be undesirable hecause of the effect on pit slope stabil-
ity.

The canal arrangements and the tunnel alternative would require
both a headworks dam and a pit rim dam. Both dams would pond substantial
amounts of water behind them., The pit rim dam would also require a pump-

house and pipe line to .pump water up to the main diversionm.
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The pipeline arrangement would require only one diversion dam.
It would pond water only in flood, since water would simply flow into
the pipe intake structure at heads up to the top of the pipe for flow up

to about 12 m3/e. This is seen to be a significant advantage.

The canal and tunnel arrangements would require that the diver-
sion cross Ambusten Creek and Medicine Creek. These creek crossings
would be major embankments. No creek crossings would be required for

the pipeline arrangement.

The canal and tunnel arrangements would require several minor
diversions. The largest would be the diversion of Finney Creek around
to the headworks dam. Additionally, small diversions would be reguired
at Ambusten Creek and Medicine Creek., For the pipeline arrangement in
the 2240 MW Scheme, a short diversion for Finney Creek would be requir-
ed. For the 800 MW Scheme, no minor diversions at all would be required
when using a pipeline.

Construction of the canal would be quite simple being primarily
an earth moving operation, although in the steeper regions it would
require larger quantities of embankment fill. Pipeline construction
would be straightforward and would consist primarily of some trenching
and the assembly of pipe sections. The tunnel would be the most complex

arrangement to construct (see Appendix A.)

6.5 Operational Aspects

Ease of operation is also of importance in the selection of a
diversion arrangement. Malntenance, interference of the diversion with
mine operation and adaptability to future changes to the mine