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PREFACE

As a result of several major changes in the design of the proposed Hat Creek
development since the completion of Beak Consultants Limited's report on Impact
Assessment on Hydrology, Drainage, Water Quality and Use issued {in June 1978,
this volume has been prepared addressing the impacts of the revised project.

The following project documents completed in the interim period, contain the
descriptions of the revised project which were used in updating the assessment:

British Columbia Hydro & Power Authority. August, 1978. Hat Creek Project
Water Supply and Ash Disposal Study: Design Memorandum on Alternative Wet
and Dry Ash Disposal Schemes.

Cominco-Monenco Joint Venture. February, 1979. Hat Creek Project. Mine
Feasibility Report. Volume IV and Volume V.

Integ-Ebasco. November, 1978, Alternative "B" Ash Disposal Study. Report
submitted to British Columbia Hydro and Power Authority.

British Columbia Hydro and Power Authority. March, 1978. Hat Creek
Project: Diversion of Hat and Finney Creeks Preliminary Design Report.

The major changes in the project development plans include:

- Relocation of the plant water supply reservoir and incorporation of
Medicine Creek runoff in the water supply;

- Adoption of a dry ash disposal scheme to be located in the Medicine Creek
valley;

- Revisions to the mine drainage plans including adoption of a zero discharge
system for Tow quality drainages;

- Both major waste dumps would contain a mix of overburden and waste rock.
The Medicine Creek waste dump would begin operation about year 16 of the
development;

K4429 - viii -



- Hat Creek diversion would be maintained in service after completion of
- mining;

i

- The open pit would remain a void after completion of mining.
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9.0 IMPACTS OF THE REVISED PROJECT

i

9.1 HYDROLOGY

(a) Groundwater

The following assessment of impacts is based on the revised site development
plans described in two reportsgs’ 97. These reports describe the revised plans

for the mine waste dumps and ash disposal.

In making the following assessment of potentia]Aimpacts on hydrogeology, the
following considerations were examined for each area and phase of development:

1. Changes in Groundwater Level: Higher groundwater tables were generaily
considered as a beneficial impact. However, this did not include areas
where the high water table could cause either water logging of the plant
root zone or soil slope instability.

2. Changes in Groundwater Flow: Increased groundwater flows were considered
to be beneficial impacts provided that no side effects would develop.
These side effects could include deterioration of water quality and/or
adverse effects caused by an accompanying rise of the groundwater table.
Water quality aspects are addressed in Section 9.2 (a).

(i} Preliminary Site Development

The impacts caused by preliminary site development would be the same as des-
crived in BEAK 1978,98

K4429 9 -1
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(i1) Construction

The basis for evaluation of the impact on groundwater resoyrces and the develop-
ment plan are the same as outlined in Section 6.1 {a) (i) A.98 Construction
activities have been subdivided into three main categories: Mine (including the
pit, waste dumps and infrastructure); power plant (including ash disposal
areas, water reservoir and construction camp); and offsites (including creek
diversions, water supply and access roads).

A. Mine

Clearing and Stripping in Pit Area

The groundwater table is generally deeper than 20 m over most of the pit, and
the only exception occurs in the valley bottom where the groundwater table is
close to the ground surface. The clearing and stripping operations proposed
would remove top soil, surficial sediments and claystone bedrock from part of
the upland recharge areas. This removal would reduce groundwater recharge and
increase surface water run-off in these areas. The result would be a minor
negative impact on recharge to the alluvial aquifer.

Drainage Ditching in Pit Area

A system of surface ditching is proposed for the pit perimeter. Most of this
ditching would be constructed on the west side of the pit where surface water
run-off is more significant. Most of the surficial sediments in the vicinity of
the coal pit are classified as glacial till and hydraulic conductivities are
expected to be low.

The surface water collection system proposed by CMJV97

would consist of open
perimeter drainage ditches which lie near the major access roads which are

located beyond the 35-year pit perimeter. These diversion ditches would

K4429 g -2



TABLE 9-1
ik

T SUMMARY OF APPROXIMATE QUANTITIES OF TRANSFERRED GROUND WATER
RESULTING FROM PROPOSED COAL PROJECT

(for explanation of notation see below)

—
(1) - Peeliminary Site Development
Caploration trailer Comp: T T
_ LN
Water Supply A
Sewage D1spetdl St aluvint
: E Aquifer E
Sulk Sample Program . 1
Temporary discharge ~Rsass |. g
Treach 8 - T
(1) Comtruction Regronal
Pit Dewatering el 39¢m5::::°m::;3 i
Mine Comp:
Water Supply s L2C i I .:‘.
Sewage (isposal 106 :\:;:::t .
Charnel
Power Flant: r Aquifer
Mater Supply - ESE L e e
Offices and warehouit -7 .
Water Supply — w67 Ec.’r‘:::"’—'ﬂ-:- e
W* e AV 1 TP |
(19 gperstson §27 , pman W TAI
pit Drwatering: [ Dewalering Syster — — E
A F (L
Seepage from Camal 237 L Alunil 3
Finney Creex Diversion 0 e omeoan o o e e z_ga_-_ AQuifer
Woyth Kradows Dump 30 o ‘
e
41 ¥
s [ o
B Mifer
Yeditine Creek Dump
f33
*
Notes: 1) Seepage quantities are estimates only and
can be regarded as probable maximum values.
2) The seepage quantities do not necessarily apply
to the same time period and hence may not always
balance with recharge.
3) Evapo-transpiration Tosses include zero discharge system.
Notation:
L. arrow showing direction of qmng water transfer. The svmber demotes estisated dversge flow in
cubic metres por dey {1.e. 500 #%/d) Mote &1 drsposal oY mater ihown in LRI diagram i,
wnless otherwise Indicalrd, o Lhe yround witer table and then sventually discharged te & surface ; ; .
water body #% Indichted.
02

T arrow Lhowing direction of swasona) ground water trantfers. The number denotes (1e 500 -JM) estimated peak
scasonsl (iow in cubic metrcs por day.

T P . ) .
——re T" indicatas tnat the discharge is tamporary (ie. lasting for less than 3 months.)

mjor ground wetcr agqutler
C=—=U>  tarenntal surfece water o,

o

— Tphowera! surlace witer flow.
;‘ Water foss at ground surface by evdpo- fronspirgtion (See note 3}
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normally be lined with rip-rap, however, in areas where the surface soils are
pervious, the ditch invert would be lined with between 0.25 and 0.50 m of
compacted till.

Some minor recharge to the water table could be expected in areas where the soil
is mbderate?y permeable, but does not warrant the cost of installing a till
liner, The overall impact of these diversion ditches would be negligible, as
the total recharge to the groundwater table is Tikely to be the same as with the
present undeveloped area.

Lake Dewatering

The proposed development plan includes the dewatering of Aleece Lake, and
approximately 62 smail lakes and ponds, most of which are in the slide area west
of the pit. When water levels are high, these lakes and ponds could contribute
significant quantities of seepage water to the local groundwater table. How-
ever, based on an evaluation of natural isotopes in the lake water {see Section
4.1 (a) (iii) B)98 these lakes were found to loose most water by evaporation
from the lake surface. Only a small portion of the lake water appears to be lost
as seepage through the lake bottom. Most of this seepage would be through the
upper metres around the wetted perimeter of the water surface. Thus, the

complete dewatering of the lakes and ponds would have littlie or no impact on the
groundwater resources of the area.

Ateece Lake is located relatively close to the projected 35-year pit perimeter
and from geotechnical considerations this lake must be drained in order to
minimize the influence that this lake could have on the stability of the pit
slope. The present plans are for the monitoring of groundwater conditions
around Finney Lake and to delay a decision on the drainage of this lake until it
can be shown that seepage from the lake is likely to be detrimental to pit
stability.

K4429 9 -3
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Pit Area Dewatering
’.f' v The dewatering of the coal pit would be achieved by means of vertical wells
drilled both in the pit and around the pit perimeter. A proposed schedule of
-. well installation is given in Table 9-2. This table shows that at Jeast 17
wells would be installed one year prior to the start of mine operations. The
- initial total discharge of groundwater from the coal pit has been estimated to
be 1123 ma/d. During the construction phase, most of the wells would be
- installied and would pump water from the surficial sediments in and around the
- pit perimeter.
*- The surficial sediments around the pit perimeter generally consist of glacial
and glacio-fluvial sediments and slide debris. These sediments have higher
-, hydraulic conductivities than the underlying claystones, however, saturated
thicknesses are not very great. Estimated average hydraulic conductivities for
- the surficial sediments range between 10~8 to 105 m/sec and saturated thick-
) nesses along the western side of the pit average 20 m. Assuming maximum hydrau-
- lic conductivities, the calculated maximum radius of influence caused by pit
dewatering could extend about 1 km beyond the pit perimeter (i.e. extending to
a maximum radius of 2.5 km from the center of the final pit) (see Figure 6-2).98
LI

However, if average hydraulic conductivities were {ower than 10'6 m/sec, the
radius of influence would be in the order of a few hundred metres beyond the pit
- - perimeter at any stage. During the construction stage, it is anticipated that
weils would be located in the west side of the pit only. Hence, there would be
no groundwater withdrawal from the Hat Creek alluvium.

Some wells would be drilled and completed in the low permeability claystone,

- siltstone and coal bedrock materials. In addition, there would be a few wells
installed in the low permeability slide area sediments west of the proposed pit.
- The locations of these wells have not been finalized and will be determined
during the design stage. It is anticipated that they would yield Jittle water,
- but would be effective in achieving depressurization. The estimated annual
yield from a typical well is not likely to exceed 800 cubic metres (2.2 m3/d).
] This rate of withdrawal from low permeability materials will result in a very
“ minor impact on the groundwater in and around the pit.
-

B K4429 < -5



TABLE 3-2
ESTIMATES OF GROUND WATER SEEPAGE CONTROL METHODS

ESTIMATEth) NUMBER OF NUMBER OF NUMBER OF NUMBER OF NUMBER OF
YEAR BY CUMULATIVE(I) TOTAL 40 m WELLS 60 m WELLS 160 m WELLS 300 m WELLS 80 m
WHICH WELLS TOTAL OF QUANTITY IN IN IN IN OBSERVATION
MUST BE INSTALLED PUMPEg SURFICIALS SURFICIALS SURFICIALS COAL WELLS
INSTALLED WELLS ps m°/d  INSTALLED INSTALLED INSTALLED INSTALLED INSTALLED
-1 17 13 1123 4 2 6 5
0 27 20 1728 2 1 2 5
5 53 17 1469 10 2 4 5 5
10 68 17 1469 i0 5
15 79 17 1469 6 5
20 a3 17 1469 4
25 87 17 1469 4
30 9} 17 1469 4
35 9 17 1469
TOTALS 91 44 5 12 20 10

Modified from Golder Associates?d.

(1) These numbers represent estimated numbers of wells. Actual number of wells may be substantially less if major
in-pit seepage collection systems are installed.

(2) These figures should be taken as a very approximate guide to the expected pumpage rates.
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The overall impact on groundwater would be an estimated steady state withdrawal
of up to 1000 m3/d from the surficial sediments along the west side of the pit.
These sediments would gradually be dewatered in areas close to the wells and a
cone of depression in the water table would expand toward the west.

Clearing and Stripping in Dump Areas

Creek Diversions Around Dumps

Embankment and Spoil Dumping

Stock Piles

Mine Camp Water Supply

Office and Warehouse Water Supply

The impacts of the above activities on the groundwater, as described in BEAKga,
would all apply for the construction phase of the revised mine plan.

B. Plant

Ash Disposal Facilities

The revised project description96 describes a proposed scheme where both fly and
bottom ash would be placed dry in an area downstream of the water supply
reservoir in Medicine Creek (see area in Figure 9-1).

K4429 9 -5
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Reservoir Qutlet Conduit and Run-off Canals

Medicine Creek would be dammed at a point about two-thirds of the way up the
valley from Hat Creek (see Figure 9-1). Run-off from the sides of the Medicine
Creek valley would be collected in a canal that directs the run-off water toward
the reservoir. A buried 1650 mm (66 inch) diameter pipe is proposed to carry
the gverflow from the reservoir,

The canals are to be lined with a 0.6 m thick till layer in areas where the
surficial sediments are reasonably permeabie, Where there is low permeability
ti11 or bedrock at the ground surface, the canals would be unlined and in areas
where the bedrock slope is steep, a concrete Tined flume would be constructed.
The groundwater table is at least 2 m below ground surface along the alignment
of the proposed canals and hence, the construction of these works would not
affect the local groundwater regime.

Clearing and Stripping for the Reservoir

Activities at the Power Plant Site

The impact of above activities on the groundwater would be the same as described
previously, BEAK98

£. Offsites

The comments given in BEAK98 would apply.

(iii) Operation

A. Mine

K4429 §-¢
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Overburden Removal in Pit Area

The comments given in BEAK98 would apply.

Pit Area Dewatering and Depressurization

The dewatering and depressurization systems in and around the pit would include
the following installations:

- low yield wells in the west slide area: approximately 20 wells with an
estimated maximum yield from one well of § m3/d.

- moderate yield wells around the pit periphery: approximately 33 wells in
surficial sediments; the maximum anticipated steady state yield per well is
80 m3/d.

- depressurization wells, drains and horizontal drain holes in the low
permeability bedrock sediments in the pit: the maximum steady state
seepage rate from bedrock is estimated to be 147 m3/d.

- drains and sumps in surficial sediments within the pit perimeter: This
represents the total seepage that bypasses the perimeter dewatering wells.

The estimated annual and peak seasonal pumpage rates from the mine dewatering
systems are summarized in Table $-3 for the period 5, 15 and 35 years after
mining operations have started. In addition, a mine seepage and dewatering flow

chart 15 given in Figure 9-2.

The influence on the groundwater regime due to the dewatering of the surficial
sediments around the pit and the depressurization of sliide area sediments was
described in the dewatering section for the construction phase.

The coal deposits are encapsulated within low permeability claystone and
siltstone units. Hydraulic conductivities of these massive claystone units are
around 10710 m/sec (see Section 4.1 (a) (1) B)98 and hence the radius of
influence of the dewatered bedrock around the coal pit would be restricted to
distances less than 100 m beyond the pit face at any stage. As the final radius

K4429 g9 -7



TABLE 9-3

ESTIMATED ANNUAL PUMPAGE AND PEAK SEASONAL PUMPING RATES FOR PIT DEWATERING SYSTEM

Year Annual Pumpage Peak Seasona)l Pumping Rates
(106 w3 /yr) | (103 m/d)
Late Spring Late Summer
Periferal In-Pit Periferal In-Pit Periferal In-Pit
Wells Systems Wells Systems Wells Systems
Surficials Bedrock Surficials Bedrock Surficials  Bedrock
5 0.52 0.09 0.02 15565.2 518.4 112.3 1261.4 172.8 43.2
15 0.52 6.12 0.05 1555.2 691.,2 259.2 1261.4 259.2 112.3
35 0.52 0.12 0.03 1555.2 £91.2 172.8 1261.4 259.2 69.1

Note: (1) Values exclude pumpage from slide area dewatering wells.
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of the proposed coal pit is approximately 1.5 km, the maximum distance to the
edge of the zone of groundwater 1nf1uenced in bedrock wou]d be about 1.6 km from
the center of the pit (see Figure 6- 2)

The overall impact on groundwater would be very significant in the areas close
to the pit, but there would be no influence beyond a distance of 2.5 km from the
center of the proposed p1t The estimated steady state annual discharge from
the pit and all peripheral wells is 1425.6 m /d (218 Igpm).

Drainage Control in Pit Area

Finney Creek Diversion

Impacts on groundwater caused by the above activities would be as described in
98
BEAK

Houth Meadows Dump

The hydrogeology of the existing dump area is described in Section 4.1 (a) (ii)
8)98. When dumping commences in this area some major changes in groundwater
flow patterns are likely to occur particularly in the limestone bedrock at the
north of the dump. The placement of waste rock in the groundwater discharge
areas in the northern part of the valley would cause a progressive restriction
of these groundwater flows from the limestone and consequently the water table
in the Timestone would start to rise.

Hydraulic conductivities are estimated to be between 10'5 and 10-3 m/s for loose
dumped waste rock and these values would be reduced to about 10'11 m/s as the
waste rock consotidated under its own weight at the bottom of the dump. Data on
hydraulic conductivities of Hat Creek waste rock materials are limited. The
iower range values assumed above are based on laboratory tests of Hat Creek
samples and some field data from other coal mine areas (see Table 6-3)98. The

K4429 9 -8
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upper range values are estimated hydraulic conductivities and are assumed to
apply to the upper 5 m of the waste dump only. Due to the wide range of expected
hydraulic conductivities, predictions on seepage losses to the groundwater
table are difficult to make as much would depend on dump operation techniques
used.

The siltstone and claystone rock waste materials in the dump are likely to break
down as the result of weathering. In zones where this weathered rock is not
compacted, and where there is a substantial flow of water, piping channels in
the waste rock could result as the claystones are highly dispersive. The most
serious zones where this piping could occur, would be up against the sand and
gravel embankments and against the mora permeable bedrock zones around the small
northern embankments. In order to prevent this piping and to minimize seepage a
1.5 m thick till layer would be placed against the inside face of al)
embankments and against any significantly fractured limestone rock zones near
the embankments,

The following summarizes some of the probable impacts:

- initially when the waste rock is dumped it would be loose and seepage water
would easily pass through.

- as the dump height increases the material in the bottom of the dump would
become more compact and would tend to seal off the seepage flow through the
base aof the dump,.

- the water table in the limestone bedrock.immediately adjacent to the dump
would rise at about the same rate that the dump surface rises.

- groundwater seepage and surface run-off from the limestone bedrock would
flow toward the dump until the water table in the dump became higher than
the groundwater divide in the bedrock. At this point seepage from the dump
would flow into the bedrock (see illustrations in Figure 9-3).

- the major seepage Jlosses to the groundwater table would occur in the
northeastern corner, around the saddle embankments and beneath the east
embankment (see illustration in Figure 9-3). Estimated seepages from the

K4429 9 -9
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dump through the limestone bedrock have been made assuming a hydraulic
conductivity of bedrock equal to 10"7 m/s. These estimates at Year 35, as
shown in Figure 9-3 are:

Q1  under the east embankment 50 m3/d. This is only 20 percent of the
estimated natural groundwater seepage, see Section 4.1 {a) (ii) 898.
As shown on Table 9-4, approximately 25 percent of this seepage would
be intercepted by the pit dewatering system.

G2 northward around the saddle embankments 36 m3/d {note: these figures
do not include seepages through the embankments themselves as this
seepage does not reach the groundwater table).

These estimated seepage flows wouid replace the natural predevelopment ground-
water flow (see discussion in Section 4.0 {a) (ii) B).

The dump would have a moderate impact on groundwater tables and flow directions
in the limestone bedrock north of the Houth Meadows. This would result in a
diversion of an estimated additional water flow of 36 m3/d toward the surficial
aquifer in Marble Canyon. This represents about a 5 percent increase in ground-
water flow in the limestone bedrock on the south side of the canyon. The
groundwater level in the canyon aquifer, which flows eastwards, would rise by
less than 1 m and would not reach the ground surface. The result would be a
vinor beneficial impact on the canyon aguifer. This assumes that the seepage
ater quality would be satisfactory. '

1ts additional groundwater flow in the Marble Canyon aquifer would supplement
e flows in the Hat Creek Alluvial Aquifer in the vicinity of the road junc-
m. This additional water would not cause a significant rise in the water
vle and would eventually supplement the low flows in Hat Creek. Thus the dump
1d reroute near surface groundwater flows which presently discharge as base
v into Houth Creek. Ultimately however these waters would still discharge to
Creek. Hence, the overall impact of the dump on the ground water flowing
Hat Creek would be ambivalent.
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The estimated seepage flows through the embankment structures at Year 35, while
not strictly groundwater flows, have been estimated to be about 54 m3/d.
Approximate values for each embankment are given in Table 9-4. The actual
seepage would depend on embankment and dump construction procedures used, and on
the hydraulic conductivity of the loose upper materials in the dump,

Medicine Creek Dump

Present plans are to start using this dump at approximately Year 15. The dump
would gradually fill up and be merged with the ash dump in the central part of
the Medicine Creek Valley. The proposed construction sequence and estimated
segpage values are illustrated in Figure 9-5.

The depth to groundwater table below the base of the dump is about 30 m below
ground surface and hydraulic conductivities of underlying bedrock and surficial
sediments are low (10'8 to 1077 m/s}. When the waste rock dumping commences
there would be some seepage down to the water table and laterally into the side
walls, This would result in a rise of the water table by 10 to 20 m and possibly
to the ground surface. Eventually the steeper hydraulic gradient toward the Hat
Creek Valley would dominate and groundwater seepage would become greatest in
this direction (see Figure 9-4). The estimated down valley seepage of Year 35
is estimated to be about 17 m3/d {see summary in Table 9-4), The fate of this
seepage is difficult to assess. Some of the seepage would reach the pit rim
reservoir and some {possibly 20% of the seepage) would reach the pit dewatering
system. The estimated down valley seepage flow is considerably less than the

pre-dump seepage of 350 m3/d given in Section 4.0 {a){ii) D.

The estimated seepage flow through the embankment structures, while strictly
not groundwater flows, have been estimated to be about 33 m3/d. Most of this
seepage would come to the ground surface and would discharge to the surface
water collection and treatment systems. As with the Houth Meadows dump, this
value would depend on dump construction procedures used and on the in place
hydraulic conductivity of the liner till material and the Joose upper dump
materials.
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TABLE 9-4
ESTIMATED SEEPAGE RATES FROM HOUTH MEADOWS AND MEDICINE CREEK WASTE DUMPS

?

Houth Meadows Dump

Seapage (m3/d)(4)

Through Embankments L1){2)13) “To Regional Ground Water {5}
No. | No. 2 No. 3 Total Range of Totals Estimated Maximum(6)
25.9 4.3 0 30.2 0.97 ~ 8.6 7.6 1.0
30.2 8.6 5.2 44.0 4.30 - 43.2 25.1 18.1
30.2 1.2 13.0 54.4 17.30 ~ 86.4 . 50.1 36.3

Medicine Creek Dump

Seepage (m3/d)

Through Embankments To Regignal Ground Water
0 0
11:2 0-9 - 8.6
32-8 206 - 17.3

{1) For embankment locations see Figure 9-4 attached,

(2) These values are for those seepages that could be collected in shallow
ditches or drains at the downstream toe of each embankment.

{3) The values are considered to be maximum values and if favourable conditions
prevail, then the seepages could be much less.

(4) The seepage from the dumps will be relatively steady during each year. The
annual fluctuations in flow due to precipitation will be less than 10 per
cent, and the only significant changes in flow rate will result from the
expansion of the dump as indicated.

(5) The rate of seepage from the waste dumps to the regional ground water systam
will depend on the permeability of the near surface formations around the
dumps (maximum depth & m). Based on data that is available, estimated
seepages were calculated by assuming the probable Towest and highest
hydraulic conductivity values for the near-surface formations.

3} These symbols refer to Q1 and 2, shown in Figure 9-3.
'} Note approximately 25 per cent of the 35-year seepage Q1 {i.e. 12.5 me/d)
would reach the pit dewatering system. Most of this flow is in the surficial

sediments and would thus be collected by the wells and sumps installed in
these sediments.
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Ash Disposal Facilities

The revised plans 96,100¢0r the ash disposal indicate that the fly ash would be
placed in layers alternating with bottom ash. This methed of placement would
ensure proper drainage of the ash as it is being placed.

Seepage estimates indicate that the ash pileé would be largely free-draining for
the first 15 years. Later when the low permeability waste rock material is
placed in the valley immediately west of the ash dump there is a Tikelihood that
the ash dump would become progressively saturated.

Seepage from the ash dump to the water table would be relatively minor.
Installations and estimated values of the seepage to the groundwater table and
through the embankments are given in Figure 9-5.

The overall impact on the groundwater resource would be a rise in the water
table and a reduction in the down-valley seepage. This reduction in seepage
would result from the removal of permeable alluvium and compaction of Toose till
sediments underneath the ash dump.

Flue Gas Desulphurization Waste Solids Areas

Creek Diversions

The same comments as given in BEAK98 apply.

C. Offsites

Hat Creek Diversion

The comments given in BEAKI8 sti11 apply, however, a modified Base Scheme has
been adopted where the proposed canal, at an elevation of about 980 m, would
initially be along the same alignment. However, after about fifteen years of
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plant operation, the mine pit would have grown to a size that would require
realignment of about 1400 m of the canal. The affected length of the canal

would be replaced by a tunnel or some sort of a conduit located further to the
west of the initial alignment.

Initially some seepage would find its way into the pit dewatering system as
illustrated in Figure 9-2. The seepage from the canal would result in a minor
temporary benefit to the buried channel aquifer.

After fifteen years, the amount of seepage would be reduced as the proposed
tunnel is likely to be located in a low permeability rock. However, as there
are no detailed plans for this tunnel or a conduit, no allowance has been made
for this realignment in the seepage estimates for flows to the pit as given in
Table 9-3.

Drainage Control Along Main Access Road
k98

Same comments as in BEA
(iv) Decommissioning
A. Mine

Reclamation of Dumps
k%,

Same comments as in BEA

Reclamation of Pit

The revised mine plans are to maintain a Tow water level in the bottom of the
pit. Some slope instability could be expected and the resultant slumping would

K4429 9 - 14



.ﬂn

help fill in the base of the pit. The groundwater table around the pit would
remain depressed for a considerable number of years uqtil the water levels rose
above the base of the surficial sediments. The result would be a major long-term
impact on the groundwater resources within a maximum 1.5 km radius of the pit,
however, there would be no impact on groundwater beyond a 2.5 km radius of the
centre of the pit.

Maintain Creek Diversions Around the Pit

The flow of Hat Creek through the low permeability volcanic rock tunnel would
have a negligible impact on groundwater resources in the area.

Maintain Drainage Diversions

Same comment as in BEAKQS.

B. Plant

Reclamation of Ash Disposal Area

The placement of soil and vegetation on the surface of the ash dump would not
have a significant impact on the groundwater regime,

Maintain Ditching Lagoons and Creek Diversions
K98

Same comments as in BEA

L. Offsites

There would be no impacts caused by offsite facilities during the decomissioning
phase.
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{v) Overall Impact Assessment

The total groundwater resource in the area would not ﬁe seriously affected by
the proposed Hat Creek Project. However, most of the mitigating beneficial
impacts are contingent on satisfactory water quality at the point of recharge.
Most of the groundwater supply abstractions apply to the construction period
only and would not apply when Thompson River water is made avajlable,

The pit dewatering system would pump up to 1,860 m3/d of groundwater ;t peak
periods. This dewatering and the pit excavation would cut the alluvial aquifer
in half and significantly reduce groundwater flow in the northern end of this
aquifer. However, even this peak flow represents only 20 percent of the total
groundwater available for development in the northern part of the valley. Most
of this water would be returned to Hat Creek and only a small percentage would
be lost in evaporation from the pit walls.

The upper parts of the waste dumps would act as large "sponges" that would
retain pfecipitation and surface water runoff during wet periods and would
gradually release this water during the rest of the year, along with expelled
soil water resulting from consolidation. As the bottom of the dumps would be
well sealed, most of the seepage would be directed into the valley walls and to
surface water channels. The total seepages from these dumps, both directly to
these channels and to groundwater, would not be significant as the rock is
expected to compact under its own weight.

The total estimated maximum groundwater seepage from the Houth Meadows Dump is
86 m3/d made up as follows: 36 m3/d towards Marble Canyon and 50 m3/d towards
Hat Creek under the main embankment. This seepage flow would go principally
into surficial sediments in both the Alluvial and Marble Canyon Aquifers. Some
of this flow (approximately 12 m3/d) would end up in the pit and the remainder
would eventually diécharge to Hat Creek. The point of discharge to Hat Creek
cannot be precisely determined as the groundwater interchange between creek and
groundwaters is complex. However, the groundwater flow beneath the creek east
of the road junction, is estimated to be about 2,000 m3/d and would include only
a small proportion of water that would have originated from the Houth Waste
Oump.
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As with the waste dump, the seepage from the ash dump and water reservoir would
have only a minor impact on groundwater. The restraint of this seepage fis
largely a result of placing low permeability waste rock down gradient of the ash
dump. Some reverse seepage from the ash dump to the reservoir might occur if
the water level in the reservoir is lowered (i.e. due to irrigation). Estimates
of seepage rates are difficult to make since it is dependent on the amount of
Towering of the water level, However, the actual amount of seepage is likely to
be insignificant due to the relatively small gradient and low permeability of
the materials involved.

Most diversion canals and ditches would redistribute the surface water and
slightly increase recharge to the groundwater aquifers. Seepage from the Hat
Creek diversion canal and tunnel would be small and would not affect the stabil-
jty of the pit walls,

A1l impacts on the groundwater resources would be restricted to an area within
1.5 km from the limits of the proposed waste dumps and coal pit. Within this
area of influence there would be many minor negative impacts, however, these
impacts would be mitigated by an equal number of beneficial impacts and the net
impact would be ambivalent.
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(b} Surface Water

Neither the revised mine drainage scheme97 nor the new arrangement of the plant

make-up water reservoir and ash disposal arealoo change the basic types of
impact on surface water hydrology discussed in the introduction to Section 6.1
(b). The areas affected and the magnitude and timing of some impacts are
altered, but the only two entirely new impacts appear to be the need to dispose
of surplus blow-down water and the consumptive use of Medicine Creek water, The
quantity of blow-down water to be disposed of is so small (0.6 to 21.1 1/s) that,
whatever disposal method is finally adopted (none has been proposed so far),
impacts on surface waters, exclusive of water quality impacts, are likely to be
negligible. Under natural conditions, Medicine Creek contributes 10 to 20
percent of Hat Creek flows at the mine site. Some of this flow is presently
being diverted to Macl.aren Creek, but the proposed new water supply reservoir
arrangement would divert most of it.

By not draining Finney Lake, the revised mine drainage scheme avoids a signifi-
cant impact.

(i} Preliminary Site Development

The revised designs do not appear to modify the impacts discussed in Section 6.1
{(b) (i) in any significant way.

{(ii) Construction

A, Mine

The earlier discussion of potential impacts remains valid in most respects,
howaver, the concern about draining of Finney Lake is now redundant as the
revised and refined drainage studies have concluded that it does not need to be
drained. Erosion and sedimentation problems during construction depend almost
entirely on detailed construction procedures and scheduling. Sedimentation
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ponds should be completed and operational before any ditches draining into them
are excavated. It is recommended that extreme care be used in planning the
construction of drainage and diversion works.

With most of Medicine Creek being used in the plant, the diversion of Medicine
Creek around the combined ash-mine dump is simplified. With proper scheduling
it should be possible to construct the diversion entirely in the dry seasons
(see Section C below).

B. Plant

The powerplant itself remains essentially unchanged, but the revised make-up
water and ash disposal schemes reduce the affected land area by approximately 40
percent and concentrate construction activities into fewer sites (the former
make-up water reservoir area is no longer needed). Both these factors should
reduce impacts, but it is impossible to be specific without construction
details.

Storm drainage of the plant site was assumed to be released into Harry Creek
with the previous plant arrangement. With the new designs, this water would
drain to a holding pond and be used for dust control on the ash pile. Qverflow
from the holding pond would drain to the make-up water reservbir, but this is
expected to occur only infreguently. This new plant drainage scheme would
eliminate potential sedimentation and water quality problems along Harry Creek.
The surplus blow-down water is to be disposed of on-site but no designs are

available yet.

C. Offsite

The comments of the earlier corresponding section remain almost entirely valid,
except for the Medicine Creek diversion, The "Design memorandum on alternative
wet and dry ash disposal schemes"96 does not comment on the construction

 sequencing for the make-up water reservoir, Medicine Creek will either have to

be diverted temporarily, or the dam and the outlet works discharging to the Hat
Creek diversion will have to be built on a carefully timed, rigid schedule to
assure completion before the reservoir could possibly fill. )
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(141) Operation

A. Mine

The CMJV Mine Drainage Report of February 1979 gives much more detail about the
design of the mine dratnage works than earlier reports. Although no drastic
design changes have occurred since Section 6 was written, many of the pre-
1iminary assumptions made there can now be firmed up, and more definite impact
predictions become possible.”

Contrary to earlier assumptions, seepage from bedrock into the mine or into
dewatering wells will now be separated from other drainage flows and used in the
mining operation for dust control, together with treated sanitary sewage. The
average leachate flow to be disposed of in this manner ranges from 7 1/s in Year
5 to 15 1/s in Year 35, with a possible high of 27 1/s in Year 35. As oniy 10 1/s
can be used for dust control, the remainder is to be disposed of by spray
irrigation on the waste dumps. This disposal does not appear to create any
environmental impacts in the field of surface water hydrology.

To what degree the leachate flow constitutes a consumptive use of Hat Creek
water is unknown. Even if all of it would, under natural conditions, .have shown
up in Hat Creek (a most unlikely assumption), it would only represent a
significant consumptive use (in excess of 20 percent) once every three years for
periods of a few weeks.

The new drainage plan incorporates two major sedimentation lagoons, one servic-
ing the mine and Houth Meadow dump areas, while the other one services the
Medicine Creek ash disposal and mine waste dump. The new storm flow volumes are
considerably smaller than those assumed in Section 6, e.g. the combined 10-year
storm flow volume from the Houth meadows and mine areas is now computed as
91,000 m3, while Section 6 had assumed a corresponding value of 280,000 m3.
Much depends on the assumed configuration of the dump surface. CMJV assumes a
very rough surface with ample storage in small depressions and therefore
practically no runoff. Being based on more recent design information, the CMJV
storm runoff values should be more realistic.
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Lagoon outflows are now considerably larger than assumed in Section 6, but of
shorter duration, The ten-year rain storm now results in a lagoon outflow
between 0.7 and 0.8 m3/s for 20 hours, which compares with the 0.35 m3/s lasting
20 days assumed before any lagoon designs were available. These new, larger
flows are still an order of magnitude smaller than the morphoiogica1ly signi-
ficant flows in Hat Creek and impacts on channel morphology will be negligible.

- The frequency and severity of flooding along downstream reaches of Hat Creek

should also not be affected by these lagoon outflows. The conditions that could
cause Jarge lagoon outflows are somewhat different (more rain-dependent) than
the snowmelt-dominated conditions that cause most major floods in Hat Creek (see
Section (iii)C, below).

A1l major drainage works, such as the embankments and spillways of the sedimen-
tation lagoons, are designed for a 1,000-year flood condition, which impiies a 3
percent probability of exceeding design conditions during the 1ife of the mine.
Exceeding design conditions does not necessarily mean failure, but, assuming it
did, failure of a sedimentation pond would have serious but relatively short-
Tived environmental consequences. Highly sediment laden flows would damage Hat
Creek for several kilometres below the mine, but new vegetation and a new stream
channel would likely be estaplished within two to three years from the date of
the failure. The Kaiser Resources sedimentation pond on Harmer Creek near
Sparwood, B.L. failed in the early seventies, Little damage was apparent when
the writer inspected the downstream reaches of Harmer Creek in April 1978, The
1000-year design criterion adopted by B.C. Hydro appears to be reasonably
consistent with generally accepted design practice for intermediate-size em-
bankments and moderate hazard potentia].lo2

B. Plant
As predicted in Section 6, economic considerations have now led to the proposed
consumptive use of Medicine Creek flows in the plant. It 1is felt that
considerable further benefits could be obtained by using the South Runoff Canal
of the new make-up water and ash disposal scheme to divert runoff from the
headwaters of Ambusten Creek into the make-up water reservoir,
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The main difference between the design alternatives discussed in Section & and
the new make-up water reservoir and ash disposal scheme is the consumptive use
of most Medicine Creek flows and the elimination of the former make-up water
reservoir, This will reduce the drainage area of Hat Creek downstream of the
mine by 51.6 km2 or approximately 12 percent. It is rather difficult to
estimate what the corresponding reduction in flows is 1ikely to be because a
significant proportion of the Medicine Creek runoff has in the past been
diverted to MacLaren Creek (approx. 2.2 x 106m3), and because the Medicine Creek
basin has a considerably higher unit runoff than the Hat Creek basin due to its
higher mean elevation. B.C. Hydro assumes that in an average year 4 x 106m3 of
Medicine Creek water will be available for consumptive use in the plant, which
compares to a mean annual runoff in Hat Creek of 21 x 106m3_ Combining these
various factors, an average 10 percent reduction in downstream flows appears
most likely. This could aggravate present low-flow problems during dry summers
and it will naturally also aggravate the temperature-rise problem of the Hat
Creek diversion canal.

C. Offsites

The enviranmental effects discussed in Section 6 remain valid, except that some
design alternatives have now been eliminated. The alternate Hat Creek diversion
scheme with significant upstream storage is no longer being considered. Winter

diversion flows in the Medicine Creek South Runoff Canal will 1ikely be handled
by means of a buried pipe to prevent icing,

Flooding has not been a significant problem along the downstream reaches of Hat
Creek but it should be pointed out that both the make-up water reservoir on
Medicine Creek and the limited capacity of tre Hat Creek diversion (with
overflow into the mine pit) provide protection against extreme floods along Hat
Creek downstream of the mine,
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(iv) Decommissioning

The details of decommissioning remain somewhat unreso]vgd, but there are several
significant changes. Medicine Creek will now continue to pass through the make-
up water reservoir and then along the discharge conduit to the Hat Creek
diversion canal or to Hat Creek. Both the dam and the discharge conduit are
facilities that would require regular inspection and maintenance.

The essence of the earlier concern about the diversion of Medicine Creek around
the ash pond remains valid with respect to any drainage ditch traversing slopes,
such as the South Runoff Ditch above the Medicine Creek waste dump or similar
ditches above the Houth Meadow Dump. Any such ditch requires continuing
maintenance, even though designed for PMF conditions, to avoid silides into the
ditch, debris jams, log jams, or other obstructions which could cause failure.
A decommissioning scheme which places all drainage courses into stable positions
on the gradient of land surfaces or along valley flgors is recommended.

The most significant change in decommissioning plans is the new plan of
diverting Hat Creek around the pit in perpetuity. The earlier plan of letting
the pit fill up as soon as possible and then diverting Hat Creek through the pit
would have resulted in major changes to the hydrological regime of Hat Creek.
The new Proposals avoid these changes but would require continued maintenance of
the Hat Creek diversion works.

(v) Overall Impact Assessment

The basic types of impacts on surface water hydrology identified previously in
Section 6.1 (b) will still remain with the revised project and mine drainage
scheme, The consumptive use of Medicine Creek water appears to be the most
significant new ijmpact. Three major impacts have been eliminated by not
draining Finney Lake, by disposing of mine drainage and by maintaining the Hat
Creek diversion around the pit after completion of mining. The most recent mine
drainage report has permitted much more definite impact predictions than wera
previously possible,
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9.2 WATER QUALITY

(a) Groundwater

(i) Preliminary Site Development

Although some preliminary site development activities have continued (environ-
mental sampling, reclamation test plots etc.} none of these activities will have
affected ground water guality.

{(ii) Construction

A. Mine

Coal and Low Grade Waste Stockpiles

teachate from a stockpile at the mouth of the mine would be handled by
collecting and storing in the main leachate storage Tagoon.g7 No significant
pollution of groundwater will occur as the lagoon will be provided with a
plastic liner and a 2-metre layer of impermeable till material to mitigate
seepage.

Area Dewatering

The estimates of quantities of water requiring disposal from dewatering activi-
ties are 1728 m3/d (0.02 m3/sec) from pit surficials and about 43 m3/d (0.0005
m3/sec) from the southwest slide area dewatering activities, Extraction of
groundwater should not affect the quality of the remaining or surrounding
groundwater. The impact of disposal of the extracted water on surface water
quality is discussed in Section 9.2 {b) (ii) A.
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Overburden Dump Construction

The most recent mine plan indicates mine waste would not be segregated. Houth
Meadows dump would contain mixed waste (claystone and surficials). Medicine
Creek Dump would not begin operation until after Year 15 and when completed will
consist of mine waste on the west end and on the east power plant ash. Both
dumps would be constructed with perforated subsoil drains for collection of
seepage and leachates. Except for seepages from the north saddle embankments on
the Houth Meadows Dump, all leachates collected will be disposed to storage
Tagoons with no discharge to surface waters. Quality of these seepages which
become surface water are discussed in Section 9.2 (b) (iii) A. Groundwater
seepages from the saddle embankments would be monitored and if necessary
collected by wells for disposal onto the dump.

B. Plant

Ash Disposal Facilities

The ash disposal scheme adopted based on more recent studies is a dry ash scheme
in which both conditioned flyash and dump bottom ash will be disposed to Mid
Medicine Creek Valley west of the new water supply reservoir location (Upper
Medicine Creek). Construction operations involved in preparing this site should
not affect groundwater quaiity. Figure 9-6 shows the proposed ash disposal
area.

Water Supply Reservoir

Construction of a water supply reservoir and associated facilities in Upper
Medicine Creek should not affect groundwater quality. Figure 9-6 shows the
reservoir location,
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C. Offsites

Hat Creek Diversion

The diversion scheme construction activities should not affect groundwater
quality. The most recent designm1 calls for a 6.4 km canal and a 2.0 km
discharge conduit together with a headworks reservoir; pit rim reservoir and
pump station. '

(iii} Operation
A. Mine

Mine Area Dewatering
97

The mine drainage plan indicates gquantities of water extracted for mine
stability includes 1468 m3/d (0.017 m3/s) from surficials near the pit, 43 m3/d
(0.0005 m/s) from the slide area and between 52 and 130 m3/d (0.0006 and 0.0015
m3/sec) from bedrock in the pit. In addition, a total of between 1036 and 1642
m3/d (0.012 and 0.019 m3/sec), on an average annual basis, of runoff and seepage
to the pit will have to be handled. Since all of these waters become surface
water, assessment of their disposal is discussed in Section 9.2 (b) (iii) A.
The dewatering activity in itself is not expected to affect guality of the
remainder of the groundwater resources.

Qverburden Dumps

The estimates of seepage loss to regional groundwater from the Houth Meadows
Dump range from 0.86 m°/d to 86 m3/day. Approximately 58 percent or 50 m3/qd will
enter the Houth Meadows groundwater regime with the remainder entering the
Marble Canyon regime.
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PROJECTED WASTE DUMP LEACHATE CHARACTERISTICS*

Parameters (mg/1) Combined Waste
pH (units) : 8.1
Filterable Residue (105°C) 1125
BOD 137
Alkalinity (as CaCO3) : 123
Chloride 27
Fluoride 0.06
Nitrate {as N) - 4.4
Ortho-phosphate (as P) 0.3
Sulfate 21
Arsenic 0.07
Boron 0.04
Cadmium <0.002
Calcium (as CaCOa) 48
Chromium 0.13
Copper 1.5
Iron 1.25
Lead 0.02
Magnesium {(as CaC03) 33
Mercury 0.0015
Sodium 63
Vanadium 0.01
Zinc 0.15

Raw data from Acres Consulting Services Limited leachate tests on overburden
and waste rock.

**Estimated by BEAK utf]izing BOD. from Total Extractable Tests and multiplying
by ratio of filterable residue gxtracted in 24 hours to Total Extractable
Filterable Residue.

*At low pore volume displacement (see example calculation}
Leachate Characteristic in mg/1 =
{Extractable Component at Day 1l in mg,kg';lx(weight of Sample in kq)
(Volume of Extract at Oay 1 in liters)




Approximately 25 percent of this water or 12.5 m3/d will be intercgpted by the
open pit surficials dewatering system. The remainder wjll fiow into the allu-
vial aquifer downstream of the pit. The quality of this seepage water is
estimated in Tabte 9-5 based on averaging the projections of leachate quality of
overburden and waste rock as given in Table 6-9 Volume 3.

The impact on groundwater quality should be minor since the available informa-
tion indicates the seepage should not contain high levels of contaminants.
Dissolved solids could be expected to increase somewhat in this area because
there will be little dilution potential available.

The seepage through the north saddle embankments which does not evaporate may
eventually enter the Marble Canyon groundwater regime since the plans are to not
collect this water. The total quantity in this direction, including loss to
regional grdundwater through the base of the dump, is estimated at Year 35 to be
60 m3/d. The natural groundwater flow in the Marble Canyon as estimated in
Section 4.1 (a) (i) C is 2053 m3/d. Thus a large dilution potential is
available indicating the impact on groundwater quality will be insignificant.
Based on the flow and quality estimates available an increase in dissolved
solids of less than 5 percent would be expected.

During the Tlatter part of the operation phase, the majority of flow in the
valley alluvial aquifer well downstream of the development will be made up of
groundwater from the Marhle Canyon aquifer since the open pit will intercept the
majority of the flow in the upper Hat Creek alluvial aquifer. The makeup of the
aguifer would include an estimated flow of 100 m3/d from the upper Hat creek
alluvium aguifer including the groundwater seepage loss from Houth Meadows Dump
of 38 m3/day together with the Marble Canyon aquifer flow of 2,063 m3/d which
would include 60 m3/d maximum from the Houth Meadows Dump. Given this flow
distribution and estimates of the respective water qualities, the maximum
change in groundwater quality downstream of the development based on dissolved
solids would be a 15-20 percent increase, This estimate is considered to be
conservatively high since the mean flow path of seepage from the Houth Meadows
Dump is not necessarily through the middle of the dump and thus the mean quality
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of the seepage may be better than predicted. A considerable portion of the
change would be due to the alluvial aquifer shifting to conveying a greater
portion of water from the Marble Canyon area which according to available data
has a somewhat higher dissolved solids level. From this assessment it is
concluded that the groundwater in the alluvial aquifer downstream of the
development will remain acceptable for human consumption and agricultural use.

The current estimate of quantities of seepage from the Medicine Creek overburden
dump as given in Section 9.1 (a) (iii) A are between 11 and 32 m3/d through the
embankment and between 1.0 and 2.0 m3/d to the regional groundwater regime, the
larger quantities being at Year 35 of the development.

The quality of drainage from the overburden dump is best estimated as being
similar to Houth Meadows waste dump leachate (Table 9-5). This seepage to
regional groundwater combines with other down valley seepage from the ash dispo-
sal area. The impact on groundwater quality of these seepages are discussed inSection
9.2 (a) {iii} B. Ash Disposal. Surface water seepage through embankment is
discussed in Section 9.2 (b) {iii).

Reclamation

The most recent plans are for a combined waste/ash dump in Medicine Creek area.
The waste dumping would not begin until Year 16 in the lower valley. The dry ash
dump will have covered upwards of 100 ha of area most of which will have been
reclaimed according to project descriptionsloo. A subsequent project report 97
indicates reclamation will have occurred on about 150 ha of the mine waste dump
by Year 35. Thus in total by Year 35 over 60 percent of the total Medicine Creek
Dump (410 ha) should have been reclaimed.

By Year 15, the size of the Houth Meadows dump will be about 455 ha with little
reclaimed area. By Year 35, 190 ha or 31% of the dump area {610 ha) will have

been rec]aimed97.

Nutrient loss from revegetation and reclamation activities may cause an impact
to surface water quality as discussed in Section 9.2 (b} ({ii) A.
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B. Plant

Ash Disposal

i

The most recent proposal is for ash disposal (Alternate B) to Mid Medicine Creek
in dry form. Since the ash will be a mixture of conditioned fly ash and damp
bottom ash, some seepage will eminate from the dump. Leachate surfacing at the
toe of the dump will be returned to a power plant waste disposal pond whereas
seepage to the substrata will enter the Medicine Creek regional groundﬁater
regime. The seepage quantities will vary as the dump expands. Surface
reclamation which will proceed on the finished dump surface throughout the dump
development will minimize infiltration of precipitation. The estimated maximum
seepage to groundwater from the ash disposal area is 7.0 to 15 m3/d. The
estimated quality of this seepage is shown in Table 9-6. This seepage together
with the seepage from the overburden dump has the potential to contaminate the
groundwater in Medicine Creek Valley. Based on the flow and quality estimates
of these seepages the theoretical dissolved solids level in the groundwater of
Lower Medicine Creek valley could reach 6,200 mg/1. This estimate is considered
to be conservatively high since the mean path of the down valley flow is not
necessarily through the center of the overburden and ash dumps and thus the
pick-up of contaminants may be considerably less. In addition, the attenuation
effect of flowing through several kilometres of till may be substantial. No
groundwater users will remain near the dump area after development begins. The
groundwater resource in Lower Medicine Creek Valley will be reduced to less than
5 percent of the estimated original quantity. The impact from a water quality
standpoint is considered minor in comparison to the total Hat Creek Valley
groundwater resource considering these factors plus the fact that the majority
of the potentially contaminated groundwater would end up in the pit dewatering
system where it can be disposed to the zero discharge system if required. In
order to reduce impact on groundwaters consideration should be given to placing
the most impervious ash component next to the base till in order to further
reduce seepage from the ash dump.

Plant Wastewaters

The combination of a dry ash disposal scheme together with the inclusion of
Medicine Creek in the plant water supply scheme results in excess power plant
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TABLE 9-6
PROJECTED COMBINED ASH LEACHATE QUALITY*

-

-’

Parameter (mg/1) Range
pH (units)} 8.0-9.0
Filterable Residue (105°C) 4800-8900
3005 < 35-195
Alkalinity (as CaCO3) 1120-1260
Chloride 175-190
Fluoride 3.3-4.9
Nitrate (as N) 2.4-3.3
Ortho-phosphate (as P} 0.14-0.31
Sulfate 1500-1580
Arsenic <0.6-2.4
Boron <3.0-3.6
Cadmium < 0.10
Calcium (as CaC03) 1050-1130
Chromium <0.12-0.20
Capper <0.23-0.33
Iron 1.95-2.05
Lead <0.05
Magnesium (as CaC0,) 220-230

Mercury

<0.0013-0.0023

Sodium 325-335
Vanadium <0.18-0.22
Zinc 0.82-2.5

*Based on Fly Ash to Bottom Ash ratio of 75/25, conditioned and
wetted with recycled power plant wastewaters to 20X and 40% moisture
raspectively.
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c661ing water of 6.1 1/s (at 65% capacity factor and average annual conditions).
At present no scheme has been adopted for disposal of this wastewater which will
have a quality as shown in Table 9-7. One option for disposal would be an
evaporation lagoon. In this case it would be necessary to provide an imperme-
able liner on the basin to prevent migration of highly saline water into the
groundwater of the area. Should this be done impact should be minor.

C. Offsites

Significant changes have not occurred in the design and operation concepts of
offsite facilities.

(iv) Decommissioning

A & B, Mine and Plant

According to recent project reportsg7

considerable reclamation of waste dumps
will remain to be completed after the end of the mine operation phase. Applica-
tion of fertilizers during vegetation may cause surficial groundwaters to carry
undesirable nutrient loads to the surface water regime as discussed in Section

9.2 (b) (ifi) A.

Adoption of the dry ash scheme will allow reclamation of the disposal area on an

ongoing basis which is a definite advantage over the alternate wet ash disposal
method. Thus reclamation will reduce infiltration of precipitation and ulti-
mate seepage of contaminated Teachates.

The latest plan for reclamation of the pit is to leave it as a void. This
proposal should not result in any groundwater quality impairment.

(v) Overall Impact Assessment

Since all low quality seepages of surface or groundwaters which are extracted
will be collected and stored in leachate storage lagoons lined with impervious
materials, no significant groundwater quality impairment should result.
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TABLE 9-7
ESTIMATED COOLING TOWER BLOWDOWN WATER QUALITY

Parameter (mg/1) Value

Fl

-

Notes:

Total Dissolved

Solids 2034
Conductivity 3297
{ mho/cm)
Calcium 326
Magnesium 80
Potassium 19.2
Sodium 62
Chloride 26.4
Sulphate 1239
Total Silica 106
(as SiOz)
Alkalinity 17
(as CaCOz)
TOC 122
pH (units) 8.0

- A1l parameters expressed in mg/l unless otherwise noted.
- Includes effect on Total Dissolved Solids, Conductivity and Sulphate
concentrations due to Sulphuric Acid (H2504) dosing.

(Source: Integ Ebasco Nov. 1978 Alt. "B" Ash Disposal Study)




)

The groundwater quality downstream of the development in the valley alluvial
aquifer could change slightly with the most noticeable effect being a minor
increase in dissolved solids level, ’

The ash disposal to Mid Medicine Creek area between the more impervious Lower
Medicine Creek Valley mine waste dump and the upper Medicine Creek water supply
reservoir could cause groundwater qua]ity'deterioration. Drainage from the ash
itself plus seepage from the water supply reservoir into the ash will migrate
into the substrata groundwater below the ash disposal area. This potentially
contaminated groundwater will proceed down valley picking up some seepage from
the waste dump and will then be intercepted by the:pit dewatering system. After
decommissioning however, this groundwater will enter the pit. Mitigation
measures such as utilizing an impervious ash liner should be considered in the
design stage to further reduce this potential discharge of low quatlity ground-
water,

(b} Surface Water

(i) Preliminary Site Development

The previous discussion in Section 6.2 (b) (i) Volume 3 remains valid.
(i1) Construction
A. Mine

Dewatering Activities

The most recent project report outlining dewatering activities indicates that
in addition to pit area dewatering, a considerable amount of dewatering of the
southwest slide area will occur., This will include draining of surface waters
from Aleece Lake and 62 other lakes and ponds plus subsurface dewatering using
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wells in the area. Finney Lake is in a more stable area and at this point is not
considered essential for draining at the outset of the project.

The quantity of surface water to be drained from the lakes and ponds is not
available., Project descriptions97 indicates that this would be done during
spring freshet to minimize enrichment of creeks and thus impact on water
guality. The quantity of well water from the slide area has been estimated to be
44 m3/d. The quality of this based on best available information as shown in
Table 9-8 is considered acceptable for disposal through sedimentation lagoon to
the Hat Creek system once diluted with other discharges being directed through
these lagoons,

The groundwaters extracted from the pit area will be segregated into those from
surficials and those from bedrock and coal strata the estimated quality of which
are shown in Table 9-9. Waters from surficials are considered acceptable for
disposal to Hat Creek after sedimentation, whereas bedrock/coal waters of lower
gquality will be collected and stored in a storage pond together with other low
quality leachates and contaminated pit waters and used for dust control.

The quantities of groundwater from surficials has been estimated to be
1728 m3/day maximum in the early years while the quantity from bedrock will be
minimal until well into pit development and coal production stage. Since this
water is combined with various other discharges in the sedimentation pond
discussion of the impact on receiving water of Hat Creek is reserved for Section

2 (b) (v).

Coal and Low Grade Waste Stockpiles

Runoff and leachates from these stockpiles will be collected and stored in a
leachate storage pond thus there will be no impact on surface water quality.
The quality estimates of this water are shown in Table 9-10 and are based on
actual samples collected from B.C. Hydro's bulk sample program on site
stockpiles. New data are somewhat different than previously projected (Section
6.2 (b) (ii) A. Volume 3) however they confirm the need to contain these
wastewaters throughout construction and operation of the mine development.
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PROJECTED S.W. AREA WATER QUALITY

Parameter (mg/1)

pH (units)
Filterable Residue
TOC

Alkalinity

Chioride

Fluoride

Nitrate (as N)
Kjeldah] Nitrogen (as N)
Ortho Phosphate (as P)
Sulfate

Arsenic

Boron

Cadmium

Calcium (as CaCO3)
Chromium

Copper

Iron

Lead

Magnesium {as CaCDS)
Mercury

Sodium

Vanadium

Zinc

*
Based on averaging the water quality projections for surficials and bedrock

TABLE 9-8

Slide"
Debris

8.0
1070
50
570
28 -
0.16
<0.14
<11.0
<0.03
380
<0.005
<0.21
<0.005
208
<0.01
<0.008
<0.06
<0.03
118
<0.0003
230
<0.006
<0.36

Finney
Lake

8.2
17 9
18
123
0.5
0.22
<0.02
0.83
0.025
5
<0.005
<0.1
<0.005
60
<0.01
<0.005
<0.04
<0.01
33
<0.00033
15
<0.005
<0.006

{not including coal strata waters) in the mine area.

Aleece
Lake

7.6
N.A.
N.A.
217
<0.5
N.A.
N.A.
N.A.
N.A.
52
N.A.
N.A.
N.A.
85
N.A.
N.A.
<0.05
N.A.
100
N.A.
38
N.A.
N.A.
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TABLE 9-9
PROJECTED MINE WATER QUALITY
Parameter (mg/1) From Surficials* From Bedrock**
pH (units) 7.9 7.8
Filterable Residue 350 ' 1950
TOC 21 50
Alkalinity 270 1185
Chloride 3 42
Fluoride 0.2 0.2
Nitrate (as N) <0.2 <0.06
Kjeldahl Nitrogen (as M) <0.2 14.0
Ortho Phosphate (as P) <0.03 <0.03
Sulfate 52 321
Arsenic : <0.005 <0.006
Boron - <0.1 0.31
Cadmium <0.005 <0.005
Calcium {as CaCO3) 148 180
Chromium ‘ <0.01 <0.01
Copper <0.005 <0.008
Iron <0.025 <0.075
Lead <0.010 <0.013
Magnesfum (as CaCO3) 66 124
Mercury <{.0003 <0.0003
Sodium 39 412
Vanadium <0.005 <0.007
Zinc <0.03 0.52

Based on the average of Wells 77~ 54A 77- 58 78 68A Blﬂk Samp]e
Wells #1 and 2; Trench B; and Domestic Wells OWl, 2 & 3.

**Based on the average of Wells RH76-19; 78-67; 78-70; 78- 75 78-77; Bulk
Sample Well #3; and Bucket Auger Hole #7.

Not including any contribution from blasting residuals.
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TABLE 9-10
PROJECTED LOW GRADE COAL AND COAL LEACHATE CHARACTERISTICS
* ke

Parameters (mg/1) Low Grade Coal oal
pH (units} 4.6 5.0
Filterable Residue {105°C) 5400 8400
200 N.D. N.D.
ATk3Tinity (as CaC0,) 0.5 27
Chloride 0.88 14
Fluoride N.D. 0.10
Nitrate - N N.D. N.D.
Ortho-phosphate - P N.D. 0.01
Sulfate 3800 3700
Arsenic 0.005 0.005
Boron 0.7 0.31
Cadmium N.D. N.D.
Calcium (as CaC03) 1075 1900
Chromium 0.010 0.01
Copper 0.007 0.04
Iron 0.01 0.26
Lead N.D. N.D.
Magnesium (as CaC05) 1680 2240
Mercury 0.0003 0.0003
Sodium 150 190
Vanadium 0.006 0.04
Zinc 0.18 0.11

N.D. Not Determined

Based on one sampling of leachate collected from storage pile constructed as

part of the bulk sample program. Data supplied by B.C. Hydro. Sampling data
28/4/78. ‘

F
Based on three (3) samplings of leachate collected from coal storage pile

constructed as part of the bulk sample program. Raw data supplied by B.C.
Hydro,




Drainage System

The proposed mine drainage p]an97 calls for numerous qinor diversion canals and

perimeter drains around the proposed pit, slide area and waste dumps to keep
upper valley uncontaminated surface runoff segregated, to control slope
stability and to keep the active areas (dumps, pit etc.) dry enough to allow
continuous operation. New construction sediment loss could pose a significant
hazard and thus temporary sediment control facilities may be required. Alterna-
tively this drainage could be temporarily directed through the proposed main
sedimentation lagoons until such time as construction is completed and drains
and ditches have stabilized and first flush sediment loss diminishes to accept-
able Tlevels for direct discharge to Hat Creek as is proposed. | Should these
precautions be undertaken, construction impact on water guality of Hat Creek
should be minimal.

B. &C. Plant and Offsites

The discussion presented previously in Section 6.2 {b) {ii) B Volume 3 in
general remains valid except that the newly adopted schemes for dry ash disposal
and water supply reservoir are in Medicine Creek Valley. Construction of
drainage ditching, embankments and base preparations will require ¢lose control
to avoid impact on Medicine Creek water quality during this period.

(111} Operation

A. Mine

Blasting

The original concern expressed in Section 6.2 (b) (iii) Volume 3 regarding
nutrient discharge in mine waters due to blasting residuals is now considered
insignificant. The mine waters from the coal bedrock levels will not be
discharged to Hat Creek. Instead these waters will be stored in a Tleachate
lagoon for disposal by evaporation and use in dust control programs.
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Dewatering

As indicated previously groundwater extracted from surficials (reasonable
quality) will be segregated from that extracted from bedrock/coal zones. The
guantities estimated throughout the life of the mine are shown in Table 9-11 as

given in a recent mine drainage report97.

TABLE 9-11
QUANTITIES OF WATER FROM DEWATERING ACTIVITIES

Source (m/d) Year 5 Year 15 Year 35
Surficials

Pit Area 1671 1753 1753

Slide Area 44 44 44
Bedrock

Pit Area 55 137 82

The best estimate of the quality of these waters are as previously listed in
Tables 9-8 and 9-9. Since the proposed plan is to contain the low quality
bedrock water, there will be no impact on water quality of creeks and streams in
the valley negating previous concerns expressed in Section 6.2 (b) (iii) A. The
projected impact of the surficials waters to be discharged to Hat Creek after
treatment in sedimentation lagoons along with other surface runoffs is discussed
in 9.2 (b) (v) C.

Overburden Dumps

Concerns expressed previously regarding the undesirable approach of combining

dump runoff with runoff from undisturbed areas are much reduced since the

segregated approach is now proposed97. Runoff from the waste dumps (Houth
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Meadows and Medicine Creek) will be directed through sedimentation ponds prior
to entering Hat Creek. As presently conceived ash disposal area runoff would
not be allowed to mix with Medicine Creek waste dump runoff. Ash area runoff
would be collected and returned to the power plant waste water disposal system,
whereas mine waste runoff would be directed through a dedicated sedimentation
lagoon. In Year 35 the estimated runoff from a 10 year-24 hour rainstorm js now
15,000 m3 from the contributing area of Houth Meadows dump (214 ha} and 13,000
from the mine waste in Medicine Creek Dump (172 ha} based on the mine drainage
report97. These values are apparently based on the premise that the remainder
of the dump area are "undrainable" due to trapped precipitation in the un-
levelled waste and thus will not be contributing areas to the storm runoff.
Since the peak runoff will occur when the entire dumps are reclaimed, the lagoon
may have to be expanded. For instance if the lagoon is initially designed for an
inflow of 13,000 m3/day at Year 35 it would require expansion to handle the
25,000 m3/day to be expected from the totally reclaimed dump (410 ha including
mine waste and ash dump).

The quality of the dump runoff depends on contact time of the precipitation.
The best estimate for runoff from the Tevelled areas would be similar to that of
Table 9-5. Runoff from reclaimed areas of the dumps should be similar to
natural Medicine Creek water Tabie 9-12 for the Medicine Creek reclaimed area
and could be assumed to be not worse than Hat Creek water for the Houth Meadows
dump reclaimed area {since no water quality data is available from natural
runoff in Houth Creek).

The impact of treated dump runoff along with other disturbed area runoffs and

dewatering discharges which pass through the North Valley lagoon are discussed
further in Section 9.2 (b) {v) C.

Coal and Low Grade Waste Stockpiles

Since the plan is to retain runoff from these stockpiles in a storage pond there
will now be no impact on surface water quality.
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PROJECTED QUALITY OF INTERCEPTED SURFACE WATER-MEDICINE CREEK ARER"

Parameter (Mg/1)

pH {units)
Filterable Residue
Non-Filterable Residue
TOC

Alkalinity

Chiloride

Fluoride

Nitrate (as N)
Kjeldahl Nitrogen (as N)
Ortho Phosphate (as P)
Sulfate

Arsenic

Boron

Cadmium

Calcium (as CaCOB)
Chromium

Copper

Iron

Lead

Magnesium (as CaCO3)
Mercury

Sodium

Vanadium

Zing

*Based on average of available Medicine Creek water quality data 21/5/77

to 21/8/78.

TABLE 9-12

8.3
275
0-110
19
221
0.4
0.12
0.04
0.26
0.01
20
<0.005
<0.1
<0.005
130
<0.01
<0.005
<0.02
<0.01
85
<0.0005
11
<0.005
0.009




Reclamation

Previous information regarding reclamation schedule indicated both major waste
dumps would have been reclaimed by the end of mining. "More recent information
contained in the mine drainage report97 indicates 31 percent of the 610 ha Houth
meadows dump and 36 percent of the mine waste area of the 410 ha Medicine Creek
Dump will have been reclaimed by Year 35. Thus a considerable amount of the dump
reciamation effort shifts to the decommissioning phase.

Infrastructure

The discussion presented previously remains valid concerning potential dust
fallout effects in Harry Creek watershed near the coal piles and processing
plants. It is therefore reemphasized that consideration should be given to
placing a settling basin on Harry Creek.

Those streams from the mine service area vehicle washdown area that have
potential to carry oil, will be segregated for disposal to the leachate storage
1agoon.

B. Plant

Ash Disposal

Surface runoff from the ash disposal area in Mid Medicine Creek will be
contained during the first 15 years of operation by an embankment across the
valley below the fill. Collected runoff and dump seepage will be returned via
pump station and pipeline to the power plant wastewater retention pond. In
subsequent years, ash pond runoff will be prevented from mixing with lower
Medicine Creek mine waste dump runoff by means of maintaining a ti11 berm across
the lower perimeter of the ash disposal fill. Ash runoff will then be pumped
back up to the power plant wastewater retention pond. The most recent project
report!90 indicates that this pond will be sized to hold the runoff from a 10
year - 24 hour rainfall event., Based on the current plans, there will be no
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direct discharge of runoff from the ash area to surface waters or creeks and
thus during operation, phase, impact will be zero. Care will be necessary
however to ensure the intagrity of the ti1) berm to avoid washout and resultant
comtamination of mine waste dump runoff and potentially deleterious discharge to
Hat Creek from the Medicine Creek sedimentation ponds.

The dry ash disposal scheme eliminates the need for ash sluice water treatment
system and the requirement for associated sludge disposal.

Coal Pile Storage and Yard Drainage

These wastewaters will be directed to a plant wastewater retention pond and
subsequently used for dust control. Since there will be no positive discharge
there will be no impact on quality of natural surface waters.

Plant Operation
t100

The most recent project repor
excess of cooling water blowdown will be generated in the amount of 6.1 1‘5'1
The quality of this water will generally be as shown in Table 9-7. Potential
means of disposal include in-plant evaporator trains, out-plant evaporation
ponds, or discharge to a suitable receiving water. Because of the quantity
involved, discharge to the Thompson River via a pipeline parallel to the water
supply line, concern would be environmentally inconsequential from a dissolved
solids point of view, however, the cost would be considerable. Discharge to Hat
Creek may also be feasible at times when available dilution wbuld reduce the
increase in dissolved solids to acceptable levels. Assuming a maximum desirable
increase of 10 percent in dissolved solids levels, the discharge would have to

be suspended whenever Hat Creek flow dropped below about 0.3 m3s'1.

indicates under normal plant operation, an

Since a scheme is not proposed, further evaluation has naot been conducted. Any
proposal to discharge this excess cooling tower blowdown to a receiving water
should also be thoroughly evaluated for potential impact from possible residual

" constituents such as zinc¢, chromium, phosphorus, other corrosion inhibitors and
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free avajlable chlorine. These parameters are currently regulated in thermal
- power plant cooling tower blowdown in the U.S.A. to the extent that residual
chlorine must be less than 0.2 mg/1 average for not ionger' than two hours per
- day. A1l other parameters mentioned must be nondetectable in discharges from
new plants.
- ,
C. Offsites
-,
-, Hat Creek Diversion
The mid-summer water temperature increase resulting from the diversion of Hat
-, Creek was reestimated for the most recently proposed diversion'designml. In
this design, the diversion canal has an invert width of 1.2 m, sides with a
- slope of 0.4 and a gradient of 0.02 percent.
The flow used for the calculation was 0.2 m3/sec, which represents the average
- 3-day low flow in August. At this flow, the water depth in the canal was
estimated as 0.4 m. The astimated time required for the water to travel the
- 6375 m distance of the canal is 7.8 hours. Atmospheric conditions assumed for
the calculations are shown in Table 9-13; other assumptions used were as stated
-’ previously (Section 6.2 (iii) C, Volume 3).
, The mid-summer water temperature at the beginning of the canal was not
- estimated, but surface temperature data taken in the interior of British
Columbia (Environment Canada, 1977) suggest that it would 1ikely be between 15%¢
-’ and 20°c. Accordingly, two sets of calculations were made for the diversion
channel, one using an initial temperature of 15°C, the other using 20°C. For
- these initial temperatures, the estimated water temperatures at the end of the
canal are 30°C and 31°C, respectively.
- ?
The most important factor in causing the temperature increase is the rate of
, solar insolation. However, at high water temperatures, the rate of evaporation
- of water vapour from the water surface becomes significant in moderating the
-’
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TABLE 9-13
ATMOSPHERIC CONDITIONS USED FOR ESTIMATION
OF WATER TEMPERATURE INCREASE IN DIVERSION CANAL
Air Absolute Incident
Wind Speed Temperature Humidity Radiation*
Time Period km" e~ o mmHg MI* hr~lop?

9 a.m. - 10 a.m., 6.4 15.5 12 3314
10-11 4.8 - 21.1 11 3616
11-12 3.2 26.7 10 3805
12-1 1.6 29.4 9 3805
1-2 1.6 32.2 8 3616
3-4 3.2 32.2 8 2696
4-5 3.2 29.4 8 2015

It was assumed that 90% of incident radiation is absorbed by the water.




temperature increase. The rate of evaporation is governed by wind speed,
atmospheric humidity and water temperature. To test the sensitivity of the
estimated water temperature to assumed atmospheric huhidity,'a calculation was
made using a humidity of 13.5 mm Hg throughout the B8-hour period; using an
initial water temperature of 15°C, the final water temperature was estimated as
31°¢, only 1% higher than calculated using the humidity data in Table 9-13.

The calculations indicate that the potential mid-summer temperature increase in
the diversion canal is a serious concern. Therefore, it is recommended that a
detailed study be conducted to investigate methods to minimize water temperature
increases in Tower Hat Creek. For example, a relatively high, steep, rock-lined
waterfall should be considered at the end of the diversion canal. Evaporative
cooling that would occur in the waterfall could significantly reduce the
temperature of the water before it entered lower Hat Creek. Also, consideration
should be given to redesigning the channel to minimize the water surface area
and/or minimize the time of travel from the beginning to the end of the canal.

It is also recommended that in any detailed studies, the procedure used to
predict the temperature increase be refined to improve the reliability of
temperature predictions. Such refinement should include added consideration of

heat transfer between the water and the channel bed and consideration of site
specific details such as possible shading.

{(iv) Decommissioning
A. Mine

Reclamation of Disturbed Areas

Although the schedule of dump surface reclamation appears to have shifted a
larger fraction of this activity into the post mining phase97, overall area to
be eventually reclaimed probably remains similar to earlier estimates. The nead
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for fertilization is being investigated. Although progressive reclamation
will be practiced, some increase in nutrient levels in surface waters could
be expected. ’

Reclamation of the Pit

The discussions of concern in Section 6.2 {b) (iv}), Volume 3 is no Tonger valid
as new information regarding reclamation plans for the pit indicate it will be
left as a void. A further concern centers on the quality of groundwater
discharge to the pit from the Medicine Creek waste and ash disposal areas.
During the operating phase groundwater flows from this area will be picked up by
the dewatering program and that which enters the pit will be collected and
discharged to the leachate storage pond. Upon decommis: ‘nning of the dewatering
wells and flooding of the pit, however, this groundwater will discharge to the
pit void, As discussed in Section 9.2 (a) (iii) B., there is the potential that
this groundwater could contain residual levels of constituents from the ash dump
leachate. These residuals will depend on the degree of attenuation achieved by
precipitation and adsorption in travel through the till substrata. The new pit
reclamation plans indicate positive discharge to surface waters from the pit
would be un]ike]y'to occur for many centuries, thus having no impact on the
water quality of the remaining surface water resources within this time frame.
The quality of the water collecting in the pit void is unlikely to be suitable

for any consumptive use. The waterbody may however have some habitat value for
aquatic birds and mamals.

8. Plant and Offsites

Previous discussion concerning decommissioning of the plant facilities remains
valid (Section 6.2 (b) (iv) B., Volume 3). Hat Creek diversion together with
the headworks reservoir will be maintained in perpetuity. The potential for
elevated temperatures in the diversion camal during Tow flow conditions will
thus continue as a significant negative impact. The previous comments regarding
the cooling water supply and other offsite activities remains valid.
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{v) Overall Impact Assessment

A. Preliminary Site Development

Previous discussian remains valid (Section 6.2 (b) (v} A Volume 3).

B. Construction

The main potential impact results from construction sediment loss. Provided
this is controlled by means of settling ponds impacts will be minimal. Since
groundwaters extracted from bedrock and coal strata will be contained, potential
impacts on water quality from high dissolved solids, nutrients and colour should

be minimal.

C. Operation

With adoption of the zerg discharge approach for all Tow quality waters
(leachates, seepages, mine water and coal pile runoff), many of the previous
concerns and potential impact sources are now non-existent Those that remain
are as follows:

1. Increased temperature in Hat Creek within the diversion canal during summer
periods of low flow.

2. Potential for fugitive dust precipitation washout particularily in the
Harry Creek area.

3. Some nutrient loss from fertilization activities can be expected.

In order to project the probable change in quality of Hat Creek water during the
operation phase, a water quality balance {as previously in Section 6.2 {b) (v) C
Volume 3} was made of those remaining discharges to Hat Creek. Three case
situations have been evaluated:

Case | Dry weather condition when the predominant sedimentation lagoon inflow
and outflow will be water from dewatering wells. Hat Creek will be at
Tow flow.
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Case Il Spring runoff condition when the predominant Tagoon inflow and outflow
will be surface runoff, and dewatering activities. Hat Creek flows
will be elevated.

Case III Summer rainstorm condition {a 10 year, 24 hour rainfall) when surface
runoff to lagoons will be large. Hat Creek flows will be elevated.

The basis of the water balances are listed in Table 9-14.

The resulting water quality derived from these balances is given in Table 9-15
to 9-17. The results of the excercise in comparison with the Pollution Control
Branch objectives listed in Table 9-18 indicates the following:

Case I There could be a marginal increase in most water quality parameters in
Hat Creek after mixing of the sedimentation lagoon effluent., The
Tagoon effluent meets all Pollution Control Branch Level A objectives
excepting sulfate the criteria for which is under review by the
agency.

Case II As in Case I, a marginal increase is indicated in most parameters of
Hat Creek. Elevated levels of copper from the Medicine Creek sedimen-
tation lagoon effluent may be possible., The predicted concentration
remains below the Level B suggested in the Pollution Control Branch
objectives.

Case III Marginal increases in most parameters can be expected for downsiream
Hat Creek water. Predictions indicate somewhat elevated levels of
iron and copper could be expected from the Medicine Creek sedimenta-
tion lagoon discharge. However, once diluted with other runoff
entering the Pit Rim reservoir, the levels of these parameters in the
discharge to Hat Creek would be reduced significantly. The Tevel of
copper may still exceed Level A objectives.
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h!ﬂh TABLE 9-14
e BASIS OF WATFR QUALTTY BALANCE PROJECTIONS
» . ‘
: CASE I: DRY WEATHER (Year 35)
North VYalley Sedimentation Lagoon Medicine Creek Sedimentation Lagoon
-
Dewater ing Discharge from Pit to Lagoon - 0.02 1n3/sec97 No Discharge
Quality - as per Table 9-9
- Dewater ing Discharge from Slide Area to Lagoon- 0.0005 m3/sec97
Quality - as per Table 9-8
Lagoon Discharge - 0.0205 m3/sec
- Hat Creek Discharge (summer low flow) - 0.12 ms,fsec
' (BEAK inventory Report Vol. 2}
Quality - Table 4-16 {BEAK Inventory Report, Volume 2)
- ) CASE II: SPRING RUNOFF (Year 35)
North Valley Sedimentation Lagoon Medicine Creek Sedimentation Lagoon
- Dewatering Discharge from Pit to Lagoon - 0.02 rr:jlset:g;l Runoff - Medicine Creek Waste to Lagoon - 0.002 m3/sec97
Quality - as per Table 9-9 Quality - as per Table 9.5
- Dewatering Discharge from Slide Area to Lagoon - Runoff - Reclaimed [and to Lagoon - 0,009 m3/sec97
0.0005 m/sec”’ Quality - not worse than Medicine Creek - Table 9-12
Qualfty - as per Table 9-8 Lagoon Discharge 0,011 mslsec
- Runoff - Houth Meadows Waste to Lagoon - 0.002 m3/sec97 Discharge - Pit Rim Reservoir to Hat Creek - 0.011 m3/sec

Quality - as per Table 9-5
Hat Creek

Runoff - All Others to Lagoon - 0.065 m3/secg7 Discharge (Mean April} - 0.48 m3/sec
-’ Quality - not worse than Hat Creek - Table 4-16 BEAK Inventory Report, Vol. 2}

BEAK Inventory Report, Yo0l1.2)
Quality - as per Tabie 4-16 and Figure C2-4
Lagoon Discharge -0.0875 m3/sx BEAK Inventory Report, Vol, 2)

-
CASE III: SUMMER RAINSTORM {Year 35)
- North Yailey Sedimentation Lagqoon Medicine Creek Sedimentation Lagoon
Dewater ing Discharge from Pit to iLagoon - 0.022 malsecw Runoff - Medicine Creek Waste to Lagoon - 0.046 msfsecgr
" Nuality - as per Table 9-9 Quality - as per Table 9-5
L}
Newatering discharge from Slide Area to Lagoon - Runoff - Reclaimed Land to Lagoon - 0.104 mzlsecw
0.0005 :n“‘/s&.w:mr Quaiity - not worse than Medicine Creek - Table 9-12
; Nuality - as per Table 9-3 . ) 397
—~ Discharge from Lagoon to Pit Rim Reserveir - 13,000 m
Runnff - louth Meadows Waste to Lagoon - 0.046 m3/sec9]r
Discharge from Lower SW Diversion, SE Diversion anmd Watershed
fjuality - as per Table 9-5 3 97
' Below Canal - 10,400 m
— Runoff - All Others to Lagoon - 0.982 m3/sec97 Qualfty - not worse than Hat Creek - Table 4-16 (BEAK
Quality - not worse than Hat Creek - Table 4-16 Inventory Report, Vol. 2)
(BEAK Inventory Report, Yol. 2)
, nischa;ge Rate from Pit Rim aeservuialto Hat Creek -
» Attenyated Discharge Rate from Lagoon to Hat Creek 0.12 m"/sec {pump statfon capacity)
0.8 ni/sac? Hat Creek
Discharge (Base flow plus incremantal due to rainstorm}-
- A 1.68 malsec (BEAK Estimate Based on Aug. 1965 and July
1966 Hydrographs)
Quality - as per Table 4-16 and Figure €2-4 (BEAK Inventory
’ Report, Yol. 2)
a
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TABLE 9-15

WATER QUALITY PROJECTIONS - CASE I*

Parameter (mg/1)

pH {units)

Filterable Residue
Non-Filterable Residue
T0C

Total Hardness (as CaC03)
Alkalinity (as CaC03)
Chloride

Fluoride

Total Nitrogen (N)
Phosphorous (P)
Sulfate

Arsenic

Boron

Cadmium

Calcium (as CaC03)
Chromium

Copper

Iron

Lead

Magnesium {as CaCOa)
Mercury

Sodium

Vanadium

Zinc

* Dry Weather Condition {Year 35).

Projected
North

Lagoon Effluent

7.9
368
<50 mg/1
%3 q/

217
277
4
0.2
<0.56
<0.03
60
<0.005
<0.10
<0.005
149
<0.01
<0.005
<0.03
<(.01

67
<0.0003

38
<0.006
<0.04

i

Average
Existing

Hat Creek

8.4
342

<0.005
<0.007

Projected
Hat Creek

8.3
345
12
11
223
233
1.6
0.17
<0.26
<0.04
55
<0.005
<0.10
<0.00%
144
<0.01
<0.005
<0.023
<0.01
76

<0.0004
23

<0.006
<0.01

The only discharge to Hat Creek via the

sedimentation lagoon is the dewatering flows from the pit surficials and from

the slide area. Hat Creek discharge assumed to be 0.12 m3/sec.
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TABLE 9-16
WATER QUALITY PROJECTIONS - CASE 11"

i

Projected
Effluent
Med. Ck. .
Projected Lagoon Average Projected
Eff luent and Rim Existing Hat Creek
Parameter(mg/1) North Lagoon Reservoir Hat Creek  After Mixing

pH (units) 8.3 8.3 8.4 8.4
Filterable Residue 364 430 342 347
Non-Filterable Residue <50 <50 12 <18
T0C 13 25 3 10
Total hardness (as CaC03) 216 190 224 222
Alkalinity (as CaC03) 235 203 226 227
Chloride 3 5 1.1 1.5
Fluoride 0.17 0.11 0.16 0.16
Total Nitrogen (N) <0.4 1.0 0.24 <0.28
Phosphorus (P) <0.05 0.06 0.043 <0.044
Sulfate .85 20 54 54
Arsenic <0.007 <0.017 <0.005 <0.006
Boron <0.10 <0.09 <0.10 <0.10
Cadmium <0.005 <0.005 <0.005 <0.005
Calcium (as CaC03) 142 115 143 142
Chromium <0.013 <0.04 <0.01 <0.011
Copper <0.04 <0.28 = | <0.005 __ __ . <0.016 _..
Iron <0.06 <0.25 <0.026 <0.036
Lead . <(Q.01 <0.012 <0.01 <0.01
Magnesium (as CaC0y) 74 75 77 77
Mercury <0.0004 <0.0007 <0.0004 <0.0004
Sodium 27 20 20 21
Vanadium <0.005 <0,006 <0.005 <0.006
Zinc <0.017 <0.03% <0.007 <0.009

Spring Runoff Condition (Year 35). Discharges to Hat Creek via the
sedimentation lagoon include prorated mean surface runoffs and the
dewatering flows from the pit surficials and from the slide area. Hat Creek
discharge was assumed to be 0.48 m3/5ec. Surface runoff and dewatering rates
are from CMJV estimates. Flow attenuation in the lagoons has been assumed as

negligible.
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TABLE 9-17
WATER QUALITY PROJECTIONS - CASE 1
Projected Projected
Projected Effluent Pit Rim Projected
Eff luent Med. Ck. Dam Existing  Hat Creek
Parameter (mg/l) North Lagoon  Lagoon Discharge Hat Creek After Mixing

pH (Units) 8.4 8.2 8.3 8.4 8.4
Filterable Residue 376 536 450 342 357
Non-Filterable Residue <50 £50 £50 95 79
TOC il 29 20 9 10
Total hardness (as CaC03) 220 174 196 224 222
Alkalinity (as CaCO3) 223 191 200 226 224
Chloride 2.3 8.6 5.0 1.1 1.6
Fluoride 0.16 0.10 0.13 0.16 0.16
Total Nitrogen (N} <0.43 1.6 0.60 0.24 <0.32
Phosphorus ?P) <0.05 0.10 < (.06 <0,043 <0.05
Sulfate 57 20 35 54 54
Arsenic <0.008 <0.03 < 0.019 <0.005 <0.007
Boron <0.10 <0.08 < 0.09 <0.10 <0.10
Cadmium <0.005 <0.004 < 0.005 <0.005 <0.005
Calcium (as CaCO3) 140 105 122 143 141
Chromium <0.015 <0.05 < 0,03 <0.010 <0.013
Copper <0.07 ~ <0.47  <0.26  _ <0.005 = <0.035
Iron <0.08 <0.40 < 0.23 <0.026 <0.05
Lead <0.01 <0.014 < 0.012 <0.010 <0.012
Magnesium (as CaC03) 76 69 73 77 77
Mercury <0.0004 <0.0008 < 0.0006 <0.0004 <0.0005
Sodium 24 27 24 20 21
vanadium <0.005 <0.007 < 0,008 <0.005 <0.006
Zinc <0.014 <0.052 < 0.03 <{.007 <0.01

Summer Rainstorm Condition {Year 35). Discharges to Hat Creek via sedimentation ponds
include surface runoff caused by a 10 year 24 hour rainfall, dewatering flows from pit
surficials and from the slide area. Hat Creek discharge was assumed to be 1.68 m3/sec.
Surface runoff and dewatering rates are from CMJV estimates. Flow attenuation has been
assumed to occur in the lagoons. Discharge from Pit Rim Dam, into which the Medicine
Creek sedimentation lagoon overflows, is assumed to be 0.12 m3/sec. (pump capacity) into
Hat Creek Canal.




TABLE 9-18
Objectives for Effluent Discharges
l Descion }},u" of | Fresh-water Discharge
3 easures
Characterlsttea ription med | LewtA | Lewi | LewC
Total swspended solids (son-| That porilon of the effluent, ox discharged mg/1 501 1501 (&)
filtcrable residue) which i3 retained by an approved filter
Town] dissolved solids (Miter-| That pordon of the effucat as discharged mg/l (2,500 <3,500 - <3.000
able residue) which passes through an approved 0.45-
micron pore-sized filter
Colour3 Colowr of the efflucnt, at the point of discharge Appn:?ved .
vnits
pH2 The pH of the cMucat at the point of discharge PH 6.5-8.54 6.5-%.5 6.0-10
units
Specific  elements and  com-| Material contained In the effucne, ot the polat| .. ...
poundsi of discharge, which passes an approved 0.45-
micron pore-sized filter (eacept where total
' valucs are required)
Alumlnum (Al) Dissolved (n the ¢ffluent mg/l .50 1.00 10.00
Ammonla {as N) Dissolved in the efiluent mg/1 0.504 1,00 10.00
Antimony {5b) Dissolved in the ¢ffluent mg/l 0.05 D.2s 1.00
Arscnic {AS) Dissolved in the cfflucnt mg/l 0,05 : 028 1.00
Cadmlum (Cd)8 Dissolved in the efMueat mg/1 0.005 0.01 0.02
Chromium {Cr) Dissolved in the eflluent mel Qns 030 0.30
Cobalt (Co) Dissolved in the effluent ‘ mg/l 0.10 0.50 1.00
Copper {Cu) Dissolved In the cMuent mg/l a.05 030 1.00
Cyanide (CN) Total cyaalde In the efMuent mg/sl 0.30 0.50 2.00
Fluorlde (F) Dissotved in the ¢fMuent mg/! 2.50 . s.00 15.00
Tron {Fe) Dissolved [n the ¢Mucnt meg/l 0.30 1.00 3.00
{.ead (Pb) Dicsolved In tho effuent mg/t 0,08 b.10 0.50
Manganese (Mn) Dissolved in the effluent mg/l 0.05 050 130
Magncsivin (Mg) Dissolved i the efluent mg/l 150 0 500
Mercury (Hg) Total in the efMucnt mz/ 0.0014 0.003 o0l -
Molybdenum (Mo) Dissolved Jn the effluent mg/l Q.50+ 1.00 10.00
Nickel (NE£) Dissclved in the e{fluent mgfl 0.30 0.50 1.00
Nitrates/Nitrites (as N) Dissclved In the eflucnt mg/t 10.00 25.00 50.00
Phosphate (a3 P) Total in the efliuent mg/l 2.00 500 10.00
Sclenium (Sc) ' Dissolved In the effucnt mg/l (1%} 0.10 1.00
Silver (Ag) } Dissolved In the eiflluent . mgfl 0.10 0.50 1.00
Sulphate (SO4) . Dissolved In the efMiucnt mg/l 504 250 1,000
Uranyl (L) Dissolved In the cffluent mg/1i 2.00 5.00 10.00
Zine (Zn) - Dissolved in the elllueat mg/l 0.50 5.00 10,00
Ol and Grease Total In the cflueat mg/l 15.00 15.00 13.00

Nam—Acceptobls cancentrations {or charastetisties not sppearing In this st are 1o be dttermined a3 required. When oll Yquide arc totally recycled, the appllcabllity of the
above objectives will be asscrred. .
;gis:alty. s’:“mlquuncrly sampling on cMuents and at control and test statlons Ie recclving-waters; quarterly sampling on cfluent discharged to closed systoms,
nily sampling., '
¥ To be reviewed. . . .
+ Tentotive, subject to review, - )
8 Subject 0 review wherp applied 1o smelters. ’
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The levels of nutrients projected does not include any contribution from losses
from reclamation fertilization. The need for fertilizat%on is being assessed by
B.C. Hydro. Indications are that progressive reclamation will be practiced.
Nevertheless some increase in nutrient levels could be expected.

The new mine drainage plan based on containing all Tow quality wastewater,
leachates and seepages results in a substantially reduced increase in dissolved
solids of lower Hat Creek. The projections indicate an increase of between 1-4
percent as compared with earlier predictions of 90 percent.

The calculated projections of changes in suspended solids levels in Hat Creek
range from a maximum increase of 6 mg/1 or 50 percent (during dry weather and
spring runoff) to a decrease during a rainstorm condition. On an average annual
basis, experience elsewhere as previously reported (Section 6.2 (b} (v} C Volume
3) indicates the sediment yield may be expected to increase by 1l percent. On
an average annual basis this is considered to be a minor negative impact.

D. Decommissioning

The potential significant impacts projected during the decommissioning phase
are as follows:

1. Nutrient Joss to Hat Creek resulting in possible fostering of algae and
eutrophication effect.

2. Continued elevated temperatures in Hat Creek diversion canal during summer
Tow flow conditions.

3. Beneficial impact of reduced sediment and dissolved solids lasses from
disturbed areas due to completion of reclamation.
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9.3 WATER USE

(a) Ground Water

The same comments given in BeAk98 apply.

(b} Surface Water

{ii) Construction

A. Mine, Plant and Offsites

Irrigation

The impacts on irrigation water use due to construction of the preject according
to the revised project description 9, 97, 100 would differ from that previously
reported (BEAK 1978) in three areas. Firstly, the potential nursery sited next
to the Pit Rim Reservoir’®, which was not identified in the previous project
description, would take the place of about 10 ha (24 ac) of presently irrigated
land. The quantity of irrigation water associated with this land is 7.5 ha-m-
yr'l (61 ac-ft). Secondly, the revised Tocation of the project acccess road,
depending on the exact location, may infringe more on the land projected to be
irrigated in the future for corn production., However, optimum placement of this
road with respect to this potential corn land could afford better access and
therefore encourage possible development. Thirdly, according to the present
proposal not to drain Finney Lake, the 12 ha-rn-ylr"1 present storage use would
not be affected. These impacts would occur in Subregion II of the Hat Creek

Drainage Basin (Figure 4-48 BEAK, Volume 2).
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Table 9-19 presented as a revision of Table 6-29 (Volume 3}, summarizes all
jmpacts that would be associated with the revised proposal and identifies
differences to the earlier report.

In summary, the revised project construction activities would impact about 20
percent more presently irrigated land and 4 percent more of the total land
projected to be irrigated in the future (without mine and power plant
development) than the old project description. However, this is offset by the
plans not to drain Finney Lake, with the net effect being 1ittle change from the
earlier impact estimates.

Livestock Use

According to the revised project description, Finney Lake will now remain, while
the small Takes and ponds in the area would be drained. Although this could
have some effect on grazing patterns, the impact is not clear.

In the Medicine Creek area, the Alternative "B" ash disposal scheme and adjacent
plant water supply reservoirgs’loo together would take up roughly 400 ha (988
ac) less rangeland than the previous project proposal and therefore eliminate

fewer livestock watering sites in that area.

In summary, the impacts on cattle water use are not expected to be very great.

Domestic, Municipal, and Industrial

There is no significant change to the previously reported impact discussion.

K4429 9 - 45



] | i | [ | ] ] ] ] | | ; i ] i &
TABLE 9-15
REVISED TRRIGATION WATER USE IMPACTS
DUE TO PROJECT CONSTRUCTION
Impact of Alienation
Project
Activity Water Use Category
Presently Projected Projected Ifrigated . Total
Irrigated Irrigated €Corn Spring Pasture Projected Use
Land Water , Land Water , Land Hater , Land -1
(ha) (ha-m-yr~ ") {ha) (ha-m-yr ) (ha) (ha-m-yr °) {ha) (ha-m-yr °)
Mine 12 8 113 75 48 8 173 91
Plant 16 11 - - - - 16 11
Offsites 27* 21* 62 41 6 1 95 63
Total 55 40 175 116 54 9 284 165
Other I[mpacts
Project -
Activity Water Use Category Water Quantlties

(ha-m-yr=1}

Finney Creek Diversion
Hat Creek Diversion
Total

* change of impact due to revised project character

Conveyance Disruption
Conveyance Disruption

yeat



(iii) Operation
A. Mine, Plant and Offsites

Irrigation

Except for one item, the differences in impact of the revised project descrip-
tion compared to the parallel section in the previous report (BEAK, Volume 3)
would be minor, Table 9-20, presented as a revision of Table 6-31 (Volume 3),
summarizes all impacts that would be associated with the revised proposal and
identifies significant and minor differences to the earlier report.

The significant difference is that the new proposal considers a power plant
water supply reservoir in the Medicine Creek valley. Water users in Hat Creek
Valley could be affected due to the project use of present and potential
irrigation water.

B.C. Hydro %6 estimates that natural drainage to the Medicine Creek reservoir on
an average annual basis would be about 400 ha-m (3241 ac-ft). An average
quantity of about 20 ha-m-yr'1 (162 ac-ft) from plant yard drainage would also
be collected in a holding pond and used for ash wetting. Two present irrigation
Ticences of 6 ha-m-yr'1 (49 ac—ft-yr'l) each in the lower Medicine Creek area
would be displaced. A major licence of up to 216 ha-m-yr'1 (1750 ac-ft-yr'l)
for the diversion from the Medicine Creek watershed to McLean Lake would not be
displaced and hence would remain available for irrigation of about 270 ha (667
ac) south of Cache Creek near the junction of Cornwall Creek and Highway One.
As well as the impact on present irrigation use, project use of Medicine Creek
water could hinder the possible development during project life of irrigated
corn land in Subregion II which requires, for full development, storage and use
of, about 220 ha—m—yr'1 (1783 ac-ft-yr'l). In summary, the potential impact of
the Medicine Creek reservoir on irrigation water use would be about
232 ha-m-yr} (1880 ac-ft-yr-l),
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e e TABLE 9-20

IMPACT ON IRRIGATION WATER USE
- DUE TO PROJECT OPERATION

Project Activity

Annual Impact

- Mine Dust Control* -

Pit Rim Reservoir -

Headworks Reservoir -

- Mine Pit Seepage* ‘ -

- Mine and Slide Area Dewatering* -

Plant and Ash Wetting Water -
Supply Reservoirs**

Zero Discharge System* -

*
minor change of impact due to revised

. Sedimentation Lagoons -

Coal Stockpiles* -

Evaporation of up to a maximum of 12 ha-m
of Hat Creek basin water collected in
sedimentation ponds and used during the
early years for dust control.

Evaporation of approximately 3 ha-m
from reservoir surface during irriga-
tion season..

Evaporation of approximately 3 ha-m
from reserveir surface during irriga-
tion season.

Evaporation of approximately 4 ha-m

from lagoon surfaces during irrigation

season,

Evaporation from pit surfaces of
approximately 6 ha-m of seepage during
irrigation Feaspn (using seepage rate
of 0.0047 m”-s™%).

No impact due to unsuitable quality if
kept within "zero discharge system".

Collection of approximately 27 ha-m of
ground water (slightly 1less during
early years) and diversion to Hat Creek
canal during irrigation season
(possible small net benefit to irriga-
tion users).

No impact due to unsuitable quality if
leachate kept within "zero discharge
system”.

Storage and use of up to 232 ha-m of
Medicine Creek irrigation water.

Evaporation from project surfaces of up
to 8 ha-m of water that would have
entered Hat Creek during irrigation
season.

Possible, but doubtful use of about 23
ha-m for crop irrigation.

project character

Ak
significant change of impact due to revised project character




It should be pointed out that the revised project description considers a "zero
discharge system" for disposal of 1iquid wastes (including the leachates from
the mine pit and coal stockpiles) and thus the previous concerns with possible
water quality impacts due to the use of this water for crop irrigation have been
alleviated. Under the new scheme waste waters of this type would be collected,
used for seasonal dust control and any remaining quantity irrigated onto active
project dump surfaces for disposal. Although doubtful, due to suspect water
quality (sulfates and total dissolved solids), there may be a possible benefit
by using part of the collected seepage and waste waters for crop irrigation.
After dust control use, there would be up to 23 ha-m-yr'1 (186 ac-ft-yr'l) of
water available at full stage development of the collection reservoir, Water
quality monitoring and perhaps crop experimentation during initial project
years would be necessary to substantiate the potential use of this water for.
crop irrigation.

The impacts within the operation section could be modified somewhat by consider-

ing that the amounts stated would each contain a fraction resulting from the
reduced consumptive use of previously unimproved areas.

Livestock Use

There is no significant change to the previously reported impact.

Domestic, Municipal, and Industrial

There is no significant change to the previously reported impact discussion.

(iv) Decommissioning

A. Mine, Plant, and Offsites
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Irrigation

As most of the impacts of decommissioning are closely interrelated, the follow-
ing section completely replaces the parallel section in Volume 3. The impacts
of decommissioning are perceived to be beneficial. This assumes that any
irrigation use of water developed during and as a result of the project and
depending on it will be protected (e.g., maintenance of flow in the canal or
maintenance of creek and dewatering diversions to provide water required of
irrigation uses developed with the project). Table 9-24 summarizes the project
activities, causes, and water quantities associated with benefits of decommis-
sioning. The economic feasibility of potential benefits identified has not been
addressed in this study.

The water supply pipeline from the Thompson River with a capacity of 1.6 m3 s"1
(25,000 USGPM) could supply irrigation water for 700 - 1100 ha (1730 - 2720 ac)
assuming a daily peak demand double the July peak demand shown in Table 4-24
{(Volume 2). These quantities of land are available in the study area but no
attempt was made to assess specific irrigation feasibi]ity; On a seasonal
basis, about 650 ha-m (5267 ac-ft) could be supplied by the Thompson River
pipeline for irrigation use.

A large potential benefit occurring at decommissioning is that of irrigation
water being made available through storage provided by project reservoirs. As
shown in Table 5-4 (Volume 2), almost 1600 ha-m (12,970 ac-ft) of water are
potentially available for storage in the Hat Creek drainage basin. Subtracting
84 ha-m (680 ac-ft) of additional probable use (see Section 5.3, Probable Use,
Volume 2) of stream flow for spring pasture irrigation, leaves almost 1516 ha-m
(12,28% ac-ft). Also possibly available, depending on the economics of pumping,
is the 1.6 m3 s'1 (25,000 USGPM) capacity of the supply pipeline less the amount
that might be used directly during the irrigation season as referred to in the
preceding paragraph; which leaves 4330 ha-m-yr'l (35,089 ac-ft-yr'l) or,
together with water of the Hat Creek watershed, 5930 ha-m-yr"1
(48,055 ac-ft-yr” 1).
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TABLE 9-21

i

BENEFICIAL IMPACTS ON IRRIGATION WATER USE DUE TO
PROJECT DECOMMISSIONING

MWater Quag}ity
Project Activity Cause of Benefit (ha-m-yr~")

Base Scheme:

Supply Pipeline - Capacity (1.6 m3-s'1) 650
Plant Water Supply
Reservoir - Storage becomes available 202-2122%
Pit Rim Reservoir - Storage becomes available 22
- Pump becomes available -
- Evaporation of Summer flow stops 3
Zero Discharge
Reservoir - Storage becomes available 56
Mine and Slide Area
Dewatering - Diversion stops 27%*

»*
the larger quantity depends on supply from Thompson River and assuming optimum
control of outlet works to utilize full reservoir capacity.

**nossible negative impact if irrigation dependence on this water is
developed during the life of the project.




heak

Assuming an eventual surface area of about 100 ha (247 ac) for all reservoirs
and a potential evaporation rate of 0.48 m-_yr"'1 (Table %-24, Volume 2) evapora-
tion loss would be about 48 ha—m-yr'l (622 ac-ft-yr'l).

This leaves 5882 ha-m (47,666 ac-ft) of water that could be stored in project
reservoirs, if the large capacity of Pit Lake is included. However, this
reservoir has been considered not available for this purpose 97. The total
quantity allocated to the remaining reservoirs is 280 - 2200 ha-m-yr'l (2269 -
17,828 ac-ft-yr'l) where the smaller figure assumes no availability of Thompson
River water.

In this case the Medicine Creek watershed would yield a gross amount of about
250 ha-m-yr'1 (2026 ac-ft-yr'l) assuming 150 ha-m-yr-'1 (1216 ac-ft-yr'l)
diversion to MclLean Lake.96 Allowing for evaporation losses, 202 ha—m--yv"1
(1637 ac-ft-yr'l) remain for irrigation use.

Assuming a conservative irrigation application rate of 0.91 m (3 ft), 308 ha
(760 ac) could be irrigated using the stored water of the Hat Creek watershed,
while a total of 2418 ha (5,974 ac) could be irrigated if using the Thompson
River water as well, Since this latter quantity is a considerable portion of
the maximum potential irrigation use identified in the Inventory section
{(Volume 2), it is doubtful that much land would be within efficient reach of the

reservoir locations for individual farm systems and a regional water supply
network (water district) would need to be considered. The extent and feasi-

bility of a water district of this nature was not determined in this study.

Other decommissioning impacts of the mine are comparatively minor. A number of
operation impacts causing reduced summer flow would cease or at Teast be compen-
sated for by storage of other water. These include the effect of the Pit Rim
Reservoir evaporation on summer flow and the diversion of water due to Pit Rim
dewatering would cease. A total of about 30 ha-m-yr-l (243 ac-ft-yr'l) are
involved.
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Livestock Use

Use of water by livestock during and after decommissioning depends on the
agricultural use of lands at that time. Projections of this use are not
available. '

Domestic, Municipal, and Industrial

There is no significant change to the previously reported discussion.

{v) Overall Impact Assessment

Irrigation

The main differences in the overall impact assessment of the revised project
from that previously reported (Volume 3) results from the new location and
capacity of the proposed plant water supply reservoir and the unavailability of
Pit Lake as a storage reservoir in decommissioning. In addition to the prev-
iously identified overall impacts, in the operation phase, the Medicine Creek
reservoir is expected to have significant interference with present and prob-
able irrigation use amounting up to 232 ha-m-yr'1 (1880 ac-ft-yr'l). There are,
however, additional benefits possib1e during the decommissioning stage due to
the new reserveoir scheme, but accounting for the unavailability of Pit Lake
storage, the total benefits reported are about the same magnitude in terms of
water quantity as in Volume 3. However, since the storage is at a higher
elevation the actual potential benefits are probably greater.

Livestock Use

The losses or benefits from the project on livestock water use would appear to
be minor in nature, especially in view of the fact that the magnitude of this
use is small in comparison to other water uses.
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Domestic, Municipal, and Industrial

There is no significant change to the previously reported discussion.

K4429 9 - 51



.

10.0 OPPORTUNITIES FOR MITIGATION, COMPENSATION AND ENHANCEMENT

I

10.1 HYDROLOGY

{a) Groundwater Hydrology Impacts

Same comments as given in BEAK98 will apply, with the exception of opportunities
(iii) and (iv) which should be deleted.

(b) Surface Water Hydrology Impacts

The general comments of Section 7.1 (b) remain entirely vaiid. It should be
noted however, that all three specific recommendations are now incorporated in
the latest designs.

- Finney Lake is not to be drained
- The sedimentation lagoons are large enough to keep outflows below mor-
phologically significant values, and

- The highly negative water balance of the Hat Creek valley f1oor is being

used to dispose of leachates.
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10.2

WATER QUALITY

(a) Groundwater Quality Impacts

It is noted that four of the previous recommendations in Section 7.2 (a) are
generally included in the most recent project design.

Ponds or lagoons receiving Tow quality effluents, seepages and leachates
will be constructed to minimize loss of contaminated water to the ground-
water regime.

Storage areas for coal and Tow grade waste will be prepared in a manner to
minimize leachate loss to the groundwater.

Progressive reclamation is to be utilized.

Overburden and stock piled materials will not be placed over thick snow in
order to minimize leachate drainage.

The following point is suggested for further consideration:

Further study and investigation may uncover methods to reduce potential
groundwater contamination from the ash disposal area in Medicine Creek
Valley.

(b} Surface Water Quality Impacts

The general suggestions made previously in Section 7.2 (b) remain valid and many

have

K4429

now been incorporated into the project design.

Fertilization requirements are being investigated and progressive reclama-
tion is being adopted. |
Leachates and runoff from the coal pile will be collected and disposed to
the zero discharge system.

Sedimentation Tagoons have been designed to minimize inclusion of runoff
from undisturbed areas.

Small Yakes would be drained during high flow in Hat Creek.
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The following suggestions are offered in reference to the new project descrip-
tions:

1.  Further study of the Hat Creek diversion may uncover options to reduce the
potentially high water temperatures during low flow.

2.  Further study would be necessary of any proposal to discharge excess power
plant cooling tower blowdown to surface streams or rivers.

3. Consideration should be given to the need for a settling basin on lower
Harry Creek to control potential precipitation washout of fugitive dust
from nearby coal preparation operations.
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10.3 WATER USE

{a) Groundwater Use Impacts

The discussion as given in BE‘AK98 will apply.

(b} Surface Water Use Impacts

Irrigation
The suggestions for mitigation and compensation made earlier in Volume 3 remain
valid except for minor changes in the amounts stated.

An additional suggestion has to do with the proposed design of the make-up
reservoir outlet works. As currently proposed there would be availabie storage
above the outlet works but this would have to be strictly regulated to be
prepared for the probable maximum flood. It would seem gquite advantageous to
construct the outlet works with an additional outlet at a Tower elevation,
perhaps around 1225 meters., This outlet could then be used after decommission-
fng to provide gravity flow of local runoff water stored in the reservoir while
providing unregulated fiood protection. An even lower cutlet may be worthwhile
if Thompson River water would also be available. A number of factors would need
to be considered in making a cost comparison between this outlet scheme and the
one proposed by B.C. Hydro. Besides a small amount of additional piping at the
dam site the pipe under the ash disposal area would need to be stronger because
of greater fill depths. However, additional costs may be offset by the fact
that, with a steeper energy gradient at the lower elevation, a smaller diameter
pipe could be used to handle the design flows.
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11.0 RESEARCH AND MONITORING PROGRAM RECOMMENDATIONS

11.1 HYDROLOGY
(a) Groundwater

(i) Hydraulic Conductivity of Waste Materials 1

Same comments as given in BEAKQB.

(i) Installation of Piezometers and Water Sampling Stations

Combination water sampling and groundwater level monitoring piezometers should
be installed in boreholes Tocated around the ash and rock waste dump areas.
These piezometers would supplement the three operating monitoring piezometer
stations in the valley. The Tocations of the three existing and seven proposed
boreholes are shown in Figure 9-1. At Teast three piezometers should be
installed at different depths in each borehole. Where appropriate, suction
lysimeters should also be installed to sample water from the unsaturated zones
(see typical details in Figure A3-1 BEAKQB).

A1l three existing piezometer boreholes, RH77-45, 77-48 and 77-49 should be
preserved. Special provisions would have to be made to protect these installa-
tions particularly RH-49 which is inside the ash dump and RH-48 which is inside
the reservoir,

The water levels in existing piezometers are being read once a month. When the
new piezometers are installed the monitoring program should be extended to
include these piezometers. Samples of water should be taken for chemical
analysis from these piezometers once a year for three years prior to the
commencement of mining and dumping activities. A more regular monitoring pro-
gram could be instituted when mining activities commence.
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Numerous piezometers have already been instailed in the vicinity of the coal pit
and water levels in these piezometers are being monitored once a month, In
addition, one borehole with a minimum of three piezometers should be installed
and monitored alongside Highway No. 12 just west of Indian Reserve No. 4 in the
Marble Canyon., This station would monitor the effects of recharge and/or
withdrawals from the Marble Canyon aquifer (see locations Figure 9-1}.

{b}) Surface Water

A1l of the earlier (Section 8.1 (b}) recommendations remain valid, except that
Maclaren and Cornwall Creeks no longer require investigation since Medicine
Creek will not be diverted into them.
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11.2 WATER QUALITY

{(a) Groundwater

(i) Research Recommendations

The recommendations for research stated previously regarding further water
quality data needs in the pit area have largely been accommodated. The require-
ment for additional data needs in the Harry Lake area is no longer required.
Site specific data for disposal sites impoundments and Tagoons will still be
required in the detail design stage.

(ii) Monitoring Program Recommendations

The recommendations outlined previously remain valid.

(b} Surface Water

(i) Research Recommendations

The previously reported recommendations Nos. 3, 4, 5 remain valid while the
others suggested have generally been accommodated in development of the most
recent project description and design. In addition it is recommended that:

1. Information be gathered on nutrient, dissclved solids and sediment loss
from any groundwater or surface water runoff from the test reclamation
plots being studied in the Hat Creek Valley.

(i1) Monitoring Program Recommendations

The recommendations reported previously in Section 8.2 (b) (ii) remain valid.
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11.3 WATER USE

{a) Groundwater

(i) Potab1e Water Supply from Wells

(98

Comments given in BEA will apply.

(b) Surface Water

(i} Irrigation

The discharge to natural waters of potentially unsuitable project waste waters
should be routinely monitored and strictly controlled to ensure acceptable
water quality for irrigation use. If the PCB criteria for the "zero discharge
system" are adhered to, there should be no problems.

Surface waters should be monitored throughout the project and evaluated rela-
tive to irrigation use.

It may be worthwhile to experiment with the "zero discharge waters" to determine
in actual fact whether or not any beneficial irrigation use could be made with
them.

(ii) Livestock Use

There is no change to the previous report of this section.

(i1i) Domestic, Municipal and Industrial

There is no significant change to the previously reported discussion.
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