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6.0 IMPACTS OF THE PROJECT
- =
-H
6.1 HYBROLOGY
‘ﬁ
(a) Ground Water
- The following assessment of impacts is based on the site development plans
described in four unpublished reports]’2’3’4. These reports together with
- approximately 60 additional tables and figures were provided for this assess-
ment.
L]
-
In making the following assessment of potential impacts on hydrogeology,
- the following considerations were examined for each area and phase of
development:-
-
- Changes in Ground Water Level:
E ]
Higher ground water tables were generally 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.
-
4
- " Changes in Ground Water Flow:
Increased ground water 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 ground water table. Water quality aspects are addressed
in Section 6.2(a).
»
- {i) Preliminary Site Development
-




A.  Mine,Piant, and Qffsites

Mine Trailer Camp

The existing exploration trailer camp has been set up near Hat‘Creek in the
vicinity of the proposed coal pit {see Tocation Figure 6-1). The water
supply to this camp comes from a shallow dug well approximately 5 m deep.
Most of the estimated 10 m3/d flow of ground water reaching the well

will have infiltrated almost directly from Hat Creek. Details of this well
(DW-1) are presented in Appendix A2.0. This rate of abstraction is only
0.24 percent of the 1:20 year flow in Hat Creek and hence represents

onty a minor impact on the low water flow in the creek,

The sewage treatment and disposal from this camp is by means of a septic
tank and drain field. The drain field is located near the camp and

seepage water flows down from the drain field to the water table in the
alluvial aguifer approximately 2.0 m below ground. The average down vailey
flow in this aquifer was estimated to be 2,300 m3/d (Section 4.1 (a)

{11} A) and hence an estimated discharge of 8 m3/d to the aquifer
represents only 0.35 percent of the total aquifer flow. The alluvium has

a high hydraulic conductivity and hence, little or no rise in the water
table can be expected.

The existing camp water supply and sewage disposal system induces an
increased flow of infiltrated water from Hat Creek and after use in the
camp returns the water to the alluvial aquifer with only a minor water
loss. This water exchange is illustrated in Table 6-1. A similar type of
water transfer has been observed to occur naturally at various reaches
along the creek bed, and hence the net impact on the physical aspects of
the ground water resource would be very minor. The estimated water loss is
2 m3/d and represents about 0.1 percent of ground water flow,
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_ Summary of Approximate Quantities of Transfered Ground Water
Resulting from Proposed Coal Project
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Exploratory Drilling

The exploratory drilling program includes several boreholes which were
drilled and developed as water walls, These wells have been pump tested so
that soil and rock hydraulic conductivities can be determined. A total of
seven wells have ejther been tested or are planned for the period up to
August 1978. The predicted yields from wells that have been screened off
in the bedrock formations are expected to be low {less than 6 m3/d

total). However, the total yield from wells compieted in surficial
sediments is expected to be much greater. One well, located on the western
side of the coal pit, is expected to yield about 300 m3/d. The

estimated ground water flow towards Hat Creek and the alluvial aquifer in
the vicinity of the proposed coal pit, is estimated to be about 1,000

m3/d. This estimate is based on data presented in Section 4.1 (a) (ii)

A, and assumes an effective pit width of 3 km. Thus, the discharge from
this well represents about 20 percent of the natural ground water flow in
the area and 9 percent of the flow in the alluvial aquifer. l

In all cases, about 90 percent of the pumped ground water would be
returned to the ground water table at a location greater than 200 m from
the well. The only water losses would result from evapotranspiration on
the soil surface. The periods of pumping, or in some cases bailing, would
not exceed 40 days.

The impacts on local ground water aquifers caused by the exploratory
drilling program would be minor in relation to the overall ground water
resource. No impacts would be observed outside the area of the proposed
coal pit.

Bulk Sample Program

Excavations were made‘at three locations in the northwest sector of the
proposed coal pit for sampling purposes. Two of these excavations,




referred to as Trench A and the Clay-Cut, were not excavated down to the
water table. Trench B, located in the Hat Creek Valley bottom, was

‘excavated to a depth of 9 m below the ground water table. The estimated

seepage pumped from this trench was 2,000 m3/d. This seepage had
infiltrated from the surrounding alluvial aquifer, which in turn had
exfiltrated from Hat Creek.

While the dewatering of Trench B represented a temporary major impact on
the ground water flow in the alluvial aquifer, the pumping was restricted
to a period of only two months. During this period the pumped water was
discharged to a pond in the Dry Lake area west of Trench B. Seepage losses
from this pond were very low and most of the water losses were due to
evaporation from the pond surface. The pond is still in existence as a
feature in April 1978.

The other activities of the Bulk Sample Program have resulted in very minor
impacts on ground water resources in the area. A more detailed description
of these impacts is presented in British Columbia Hydro and Power Authority
Report, 1977 5,

The bulk sampling program has had only a minor negative impact on the

ground water flows in the alluvial aquifer and most of the impacts were of
short duration.

Summary of all Activities

The preliminary site development activities have been spread over a number
of years. Significant drilling activity did not start until 1964 and will
probably continue fntermittently until construction starts possibly some
time in the early 1980's. The overall impact of the site development

activities on the ground water resources of the area have been and probably
will continue to be very minor.




(ii) Construction

The basis for evaluation of the impact on ground water resources and the
development plan are the same as outlined in Section 6.1 {a) (i) A.
Construction activities can be 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 ground water table is generally deeper than 20 m over most of the pit,
and the only exception occurs in the valley bottom where the ground water
table is close to the ground surface., The clearing and stripping
operations proposed would remove top so0il, surficial sediments and
claystone bedrock from part of the upland recharge areas. This removai
would reduce ground water 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 ditching system would probably consist of a major ditch located beyond
the 35 year pit perimeter, together with a system of temporary ditches
located closer to the working pit. These diversion ditches would collect




surface run-off from the areas around Finney and Aleece Lakes and would convey
the run-off away from the pit area. In the general pit area these ditches
may have to be lined in order to minimize seepage losses to the ground water
table. In areas outside the cone of depression in the ground water table
caused by the coal pit dewatering, these ditches need not be lined. Some
minor recharge to the water table can be expected in these areas. The net
impact of the ditching system would be a reduction of ground water recharge
near the pit and some increased ground water recharge in areas beyond the
pit. These impacts are both ralatively minor in terms of the ground water
resource and are respectively negative and positive impacts, with the result
that overall impact is ambivalent.

Lake Dewatering

The proposed development plan includes the dewatering of both Aleece and
Finney Lakes (see locations on Figures 6-1). When water levels are high,
these lakes could contribute significant quantities of seepage water to the
local ground water table. However, based on an evaluation of natural
isotopes in the lake water {see Section 4.1 (a) (iii) B) these lakes were
found to lose most water by evaporation from the lake surface. Only a
small portion of the lake water is lost as seepage through the lake bottom
and most of this seepage would be through the upper 1 m around the wetted
perimeter of the lake. Thus, the complete dewatering of the lakes would
have little or no impact on the ground water resources of the area. For .
this reason consideration could be given to lowering the outlet from Finney
Lake, but not completely dewatering the lake.

Pit Area Dewatering

The dewatering of the coal pit would be achieved by means of vertical wells
drilled in the pit around the working area and around the pit perimeter. A
proposed schedule of well installation was given in Table 5G ({see Reference




beak
No. 1). This table shows that at least 22 wells would be installed one
year prior to the start of mine operations. The initial total discharge of
ground water from the coal pit has been estimated to be 700 m3/d. By
the time the thermal plant gets into operation the number of wells would
have increased to 266 and the ground water discharge increased to a maximum
of 1,600 m3/d. Further work will enable these predictions to be
verified.

The coal deposits are encapsulated within low permeability claystone and
siltstone units. Hydraulic conductivities of these massive claystone units
are around 10-10 m/sec. (see Section 4.1 (a) (i) B) and hence the

radius of influence of the dewatered bedrock around the coal pit will be
restricted to distances 1ess than 100 m beyond the pit face at any stage.
As the final radius of the proposed coal pit is approximately 1.5 km, the
maximum distance to the edge of the zone of ground water influenced in
bedrock would be about 1.5 km (see Figure 6-2).

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 10-5 m/sec. and saturated thicknesses along the western side of the
pit average 20 m, Assuming maximum hydraulic 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}.
However, if average hydraulic conductivities were lower than 10-6
m/sec. the radijus of influence would be in the order of a few hundred
meters beyond the pit perimeter at any stage.
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The hydrogeology of the eastern side of the pit is more compliex, due t0 the
presence of a buried bedrock valley. As described eariier (Section 4.1 (a)
{ii} A) this buried valley extends along the northeastern side of the pit
and is filled with glacio-fluvial sediments. The volcanic bedrock exposed
along the eastern side of the Hat Creek Yalley (Figure 4-1) limits the
extent of these surficial sediments and the drawdown cone imposad on the
ground water table.

The impacts caused by the pit dewatering will be threefold.

1) A cone of depression in the ground water table in the surficial
sediments around the pit could extend to as much as 1 km from the pit
rim.

2) A ground water discharge which would gradually increase to about
1,600 m3/d would be pumped and discharged back into Hat Creek.

3) The shallow alluvial valley aquifer would be cut in two by the pit
and blocked at the pit rim dam (see Figure 6-2)}. The alluvial
aquifer is fed both from the creek and the surficial sediments along
the valley. Thus, dissection of this aquifer by the pit would affect
only that part of the aquifer that is within the influence of the pit
dewatering, and downstream of the pit to the diversion discharge
pipe. The estimated length of this alluvial aquifer is 18 km and the
length affected by the pit is 5 km. Thus, 28 percent of the
alluvial aquifer would be affected and similarly 40 percent of the
buried channel would be affected.

These impacts, while significant in the vicinity of the pit, would be
restricted to the area close to the pit and hence would not cause a major
regional impact. Hat Creek flows downstream of the pit would be very
slightly reduced as a result of water losses due to evaporation in the
pit.




Clearing and Stripping in Dump Areas

The clearing and stripping operations in the Houth Meadows Creek -dumps
would result in & minor lowering of the ground water table in the valley
floor. In the Medicine Creek Valley where the water tablie is well below
the valley floor, no impacts would occur. The result would be a minor
negative impact.

Creek Diversions Around Dumps

As the ground water table is well below ground surface along the alignment
of the proposed creek diversions, there would be no impact on ground water
during construction.

Embankments and Spoil Dumping

The placing of the spoil and embankment materials in the vailey floors of
both dump areas would have no significant impact on the local ground water
regime.

Stock Piles

The topsoil, coal and low grade waste stock pile areas would all retain
moisture and under saturated conditions this water would seep down to the
bottom of the pile. These areas are all located in areas where the
surficial sediments are mostly glacfal tills with low hydraulic
conductivity. The estimatec depth to ground water table varies from 10 -
80 m below ground surface.

While the hydraulic conductivity of the till in the vicinity of the
proposed stockpiles is not known a reasonable range, based on data obtained
on till in the vicinity of the coal pit, is between 10~7 and 10-9

m/s. By assuming an average hydraulic conductivity of 10-8 m/s, the
estimated seepage loss through till is between 1 x 10-5 and 5 x 10 -4




m3/d/h2“6f storage area., This seepage range will depend on the

geometry and type of surface drainage facilities. On this basis the
seepage losses to the ground water table beneath the fully developed coal
blending and stocking area would be between 26 and 130 m3/d. The lower
range would be applicable if the surficial area beneath the pile was
properiy drained.

The seepage from these three areas would be only slightly greater than the
present rate of precipitation seeping to the ground water table.
Construction and stocking of these storage areas wouild therefore result in

~an increased ground water recharge and hence on the basis of hydrology

alone, is considered to be a minor beneficial impact.

Mine Camp Water Supply

The offsites description proposes that two wells should be drilled and
developed near Hat Creek in the vicinity of the proposed pit. These wells
would supply water at approximataly 346 m3/d to both the mine and power
plant camps and would operate until the Hat Creek diversion canal is in
operation. About 100 m3/d would be required for the mine camp.

If wells were drilled and developed in the area close to Hat Creek, the

ground water abstracted from these wells would come from an alluvial
aquifer which is hydraulically connected to Hat Creek. As most of the

water would come indirectly from Hat Creek there would be little or no
impact on the ground water flow in this aquifer.

A minor negative impact on the ground water table in the area could be
expected. However, this impact would be accompanied by a net withdrawal of
about 346 m3/d from the flow in Hat Creek.
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Mine Camp Sewage Disposal

The sewage effluent from the aerobic sewage treatment plant would be
discharged into either drainfields, exfiltration ponds, deep wells or spray
irrigated on the ground. No detailed soil testing has been carried out,
however preliminary data indicate that these methods could be feasible in
the area.

The ground water table is estimated to be 100 m below ground surface and
the underlying glacio-fluvial sediments have estimated hydraulic conduc-
tivities ranging between 10-3 and 10-5 m/s (8.6 x 10~4 and 8.6

x 10-1 m/d). A potential aquifer in the glacio-fluvial sediments

extends beneath the camp, however the infiltrating sewage would have only a
minor impact on this aquifer. The estimated sewage discharge would be a
maximum of 100 m3/d and if a conventional drainfield were built to meet
Pollution Control Board requirements, the sewage would require an area of
about 1,000 square meters. Thus, the average infiltration rate over the
entire disposal area would be 10 mm/d (10-2 m/d). For the on ground
disposal options and depending on the nature of the sediments beneath the
disposal area, the effluent would either flow laterally through more
permeable sediment layers or would flow vertfcal]y downward through
unsaturated sediments. The former flow path could reach Hat Creek without
recharging the buried channel aquifer, however, the latter flow path is
more likely to occur. This would result in recharge to the buried channel
aquifer and a minor beneficial impact would result.

0ffice and Warehouses Water Supply

The project description indicates that the water supply for the shops and
warehouses would be between 23 and 167 m3/d. This water could come

from a water well near the offices or perhaps be linked to the camp water
supply. A well in the vicinity of the offices could be located either in
the Marble Canyon or Alluvial aquifers. The projected water requirements
are small in comparison to the aquifer flows of 2,000 and 2,300 m3/d
respectively. Hence, there would be a minor negative impact.
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B. Plant

Ash Disposal Facilities

The project description 3 describes one proposed scheme (the base

scheme) and three alternative schemes (Schemes I, Ila and IIb) for ash
disposal. These schemes are summarized in Table 6-2 and show that disposal
areas are located. either in the upper part of Medicine Creek or in the
Harry Lake area (see locations Figure 6-1).

Embankment Construction:

No details of the embankment construction are available. However there
appears to be adequate fill and other granular material available to make a
relatively impervious dam. These construction activities are not likely to
affect the local ground water flows at either site.

Creek Diversions:

Both Medicine and Harry Creeks would have to be diverted arocund the ponds
or dumps. As with the waste dump diversion ditches some positive benefit
could be expected from increased infiltration from the bottom of the
ditches. The seepage rates are likely to be low, 60 - 150 m3/d per km,
and these seepage rates would only apply during the few months of the year
when there is water in the ditches.

There would be a very small net positive impact resulting from a slightly
increased seepage from the diverted creeks over the present seepage losses
from natural creek channels.
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Table 6- 2
Summary of Proposed Ash Transport and Storage Schemes
Scheme Notes Ash Type Transport Storage Location of(1}
Mode Mode Storage Area
Base (1) Bottom wet sluice wet pond UMC
Fly wet sluice wet pond UMC
Alternative 1 (2) Bottom wet sluice wet pond(6) HC
{5) Fly wet sluice wet pond UMC
Alternative II(a) (3) Bottom wet sluice dry dump HL
{3) Fly dry dry dump HL
Alternative 1I(b) (4) Bottom dry dry dump HL
(4} ‘ Fly dry dry dump HL
Notes: (1) UMC = Upper Medicine Creek Area (see location Figure 6-1)
HL = Harry Lazke Area (see location Figure 6-1)

Bottom ash pond is shown in Figure 6-5

Ash dumps are snown in Figure 6-6

Ash dumps are shown in Figure 6-7

No details of this pond are available and it is assumed that
it would be a smaiier version of the combined ash pond

The pond would be self-draining and approach a dry state.




Other Activities

Construction activities including: transport systems, base preparation,
drainage ditching and lagoons would all be done above the water table and
would not involve any major water transfer, Hence, there wouid be no
impact on the ground water.

Clearing and Stripping for Reservoir

The removal of vegetétion and loose topsoil on upland areas would cause
increased run off and decreased infiltration to the water table. This
would cause a minor negative impact on ground water table and flow
regime.

Activities at Power Plant Site

The same comments given for clearing and stripping the reservoir site
apply. Only a minor negatfve‘impact would result.

Summary of Activities

Most construction activities would be done above the water table and only
minor impacts would result from clearing and stripping operations and where

perennial streams are diverted.
C. Offsites

Clearing and Stripping for Hat Creek Diversion

The removal of vegetation ana loose topsoil on upland areas would cause
increased run-off and decreased infiltration to the water table resulting
in a lowering of water tables. A minor negative impact would result.
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Reservnir Construction for Diversion Scheme

The construction of cut off trenches and/or grouting of permeable sediments
beneath the embankment structures for the Head Works and Pit Rim Dams would
partially cut off the ground water flow in the alluvial aquifer adjacent to
Hat Creek. The estimated down valley fiow in this aquifer is 2,300

m3/d (Section 4.1 (a) {ii) A). The reduced ground water flow in this
aquifer immediately downstream of the two embankments would be in the order
of 300 m3/d. Most of this ground water would be collected in

dewatering wells around the pit perimeter. As it is the intent of these
works to reduce ground water seepage, the net result would be a major
negative impact on the alluvial aquifer,

Main Access Road

The Timited hydrogeclogic data available along the access road suggests
that there would be no impacts on ground water resources.

Water Supply

The limited hydrogeologic data available suggests that there would be no
impacts.

(i) Operation

A. Mine

Overburden Removal in Pit Area

The comments given for construction clearing and stripping in pit area
during construction would apply.
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Pit Area Dewatering (including: pit dewatering,
mine dewatering and slope stabilization)
=" The impacts discussed in the construction phase apply. The total ground
water abstraction is estimated to reach a peak of about 2000 m3/d about
-* 8 years after construction starts. This includes an estimated 400 m3/d
which would seep from the diversion canal. This pumpage rate would
- gradually decline to a rate of about 1000 m3/d at the end of 35 years
of mining operations. The maximum zone of influence due to pit dewatering
- is shown in Figure 6-2 and there would be no impact on local aquifers
beyond this zone. '
-I
o Drainage Control in Pit Area
- Comments given in the drainage ditching section of construction phase
- apply. In addition some additional in-mine drainage would be required to
“ coliect surface water and some ground water seepage at the bottom of the
. pit. As in the construction phase the overall impact would be ambivalent.
- Finney Creek Diversion

Yery little data is available on the soils along the diversion canal route.
- The surficial soils consist of tills and outwash deposits typical of
respectively hummocky moraine and ice contact deposits. Data from field
observations in the area suggest that the route crosses through a

-
significant ground water discharge zone (see Figure 3-4), This zone
. appears to be discharging water from a series of shallow ground water flow
L]
systems that are possibly related to past earth slide activity in the
] area.
L]
[ ]
-
-
' -




The hydraulic conductivity of the ground moraine is likely to be relatively
variable, ranging from 10-5 to 10-8 m/s. Estimated seepage losses

from a lined ditch are in the order of 50 to 150 m3/d per km length of
canal. Hence the diversion canal would collect ground water seepage flows
around the Finney Creek area and distribute this seepage toward the south,
Presently much of the seepage that does appear on the ground surface arcund
Finney Creek will re-infiltrate into the ground and eventually reach Hat
Creek through surficial sediments.

The diversion will redistribute ground water seepage flows toward the

south. Based on the limited cata the resulting impact is likely to be
ambivalent.

Houth Meadows Dump

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

Hydraulic conductivities are estimated to be between 105 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 consolidated under its own weight at the
bottom of the dump. Data on hydraulic conductivities of Hat Creek waste
rock materfials are very limited. The lower 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). The upper range values are esti-
mated hydrauli¢ conductivities and are assumed to apply to the upper 30 m
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(2) Calculated hydraulic conductivitles from size grading.

& i { | & | ] | ] | 1 | ]
] . & [ ! L | ] 3 ! | L
Table 6-3
Summary of Some Ash and Coal Wasce Properties
Waste Type Optimum Dry Unit Effective Coeff. Hydraulic Information
Water Welght Size of Conductivicy Source
Content kg/md D10 Uniformity n/8 Ref. bo.
X (mm) _
Bocttom Ash Coals from US 13 26 1140 ~1600 5.0:10-5 6
Northeast 9.4:10-4
- -6(2
Bottom Ash Hat Creek - 10 2 48 10 6(2)
Fly Ash Coals from US 23 1378 - sxi0”? 6
Mortheast sx10”’
Fly Ash UK. 19.5 =32 11881486  2:107° - sx10”?
4x10”3 8x10”’ 9
Fly Ash Hat Creek - - 2;;0-3 30 4!10'8(2) 11
) -10(3)
Claystone Hat Creek - 1x10
Waste Bock
Silrstone &  ME; USA Siltetone 12.5 - 2x10”? 8
Shale Rock & Shale 1.2x1078
Coarse Coal  MWestern, USA 1301+ 1568 0.21 23.4 1.2x107 . 10
Refuse 0.44 1.4 5.9x10
Flae Coal Western, USA 9=51.9 7521650 1.2x1070 5.6 qo‘auis 10
Refuse 0.1 40.5 6.8x10
Flue Gas - - - - 1673 1077 12
Desulphurization
Sludge
Notes: (1) Vertical hydraulic conductivicies.

These valuee are very approximace,

(3) Based on laboratory rescing of remoulded waste rock samples.




of the waste dump only. Due to the wide range of expected hydraulic
conductivities, predictions on seepage losses to the ground water table are
difficult to make as much would depend on dump operation technigues used.
However 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 wouid become more compact and would tend to seal off the
seepage flow through the base of the dump.

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

- ground water seepage and surface runoff from the limestone
bedrock would flow toward the dump until the water table in the
dump became higher than the ground water divide in the bedrock.
At this point seepage from the dump wouid flow into the bedrock
(see illustrations in Figure 6-3a).

- the major seepage losses to the ground water table'ﬁould oceur
in the northeastern corner, around the saddle embankments and
beneath the east embankment (see illustration in Figure 6-3a}.
Estimated seepages from the dump through the limestone bedrock
have been made assuming a hydraulic conductivity of bedrock
equal to 10-7 m/s. These estimates are:-

Q1 under the east embankment 10 - 50 m3/d (see Figure
6-3a}. This is only 20 percent of the estimated natural
ground water seepage, see Section 4.1 (a) (ii) B. As
shown on Table 6-1, approximately 30 percent of this
seepage could be intercepted by the coal pit dewatering
system,

Q2 northward around the saddie embankments 200 - 600 m3/d
(see illustration in Figure 6-3a) (note: these figures do
not include seepages through the embankments themselves as
this seepage does not reach the ground water table).

The dump would have a significant impact on ground water tables and flow
directions in the limestone bedrock north of the Houth Meadows. This would
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result in a diversion of an estimated additional water flow of 400 m3/d
toward the surficial aquifer in Marble Canyon. This represents about a 50
percent Tncrease in ground water flow in the limestone bedrock on the
south side of the canyon. The ground water level in the canyon aguifer,
which flows eastwards, would rise by a few metres but would not reach the
ground surface. The result would be a major beneficial impact on the
Canyon aquifer. This assumes that the seepage water quality would be
satisfactaory.

The estimation of seepage flows through the embankment structures, while
not strictly ground water fl¢ws, have been estimated to be between 300 and
1,500 m3/d. This seepage would depend on embankment and dump
construction procedures used, and on the hydrauli¢ conductivity of the
loose upper materials in the dump.

Medicine Creek Dump

The depth to ground water 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 10-7 m/s). When the waste

rock dumping commences there will be some seepage down to the water table
and lateraily into the side walls. This would result in a rise of the
water table by 10 to 30 m and possibly to the ground surface. Eventually
the steeper hydraulic gradient toward the Hat Creek Yalley would dominate
and ground water seepage would become greatest in this direction (see
Figure 6-3b).

The waste rock to be dumped in this area would be coarser than that placed
in the Houth Meadows. I[nitially this material could be “free-draining”" for
a period of a few months after placement. However, the effects of weather-
ing and consolidation would reduce hydraulic conductivities to values
similar to those given for the Houth Meadows dump. Recharge to the dump
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would come from; precipitation on the loose surface materials (assumed to
be relatively coarse), leakage from diversion canals around the dump and
from seepage from the small pond behind the embankment at the eastern end
of the dump.

Some minor seepage losses from this dump to the ground water, in the order
of about 10 - 50 m3/d, could be expected and a minor beneficial impact
would result. The estimated maximum short term seepage through the
embankment would be between 300 and 2,000 m3/d. However, this seepage
would not reach the ground water table. The fate of these seepage flows
are summarized in Table 6-1.

North Yalley Dump

This dump would store approximately 9.2 x 106 cu. m-of surficial materials.
estimated dump area is 0.5 sq. km and the average hydraulic conductivity of

the material could be about 106 m/s.

The dump straddles the alluvial aquifer and cuts across the eastern end of
the marble canyon aguifer. Estimated depths to the ground water table |
suggest that the ground water would be no ¢loser than 7 m from the base of
the waste dump. Precipitation on the top surface of the dump would either
run-off or seep down through the dump. By assuming a maximum of 10 per-
cent of the annual precipitation would seep through the dump, the
calculated maximum seepage out of the base of the dump would be 50

m3/d. This would be an unsaturated seepage fiow and most of the

discharge would flow down to the alluvial aquifer below.

The resultant would be a minor beneficial impact on the local ground water
resource.

The
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Creek Diversions Around Dump Areas

The diversion of the creeks would result in some ground water recharge at a
higher elevation as a result of leakage from the diversion canals. The
hydraulic conductivity of the natural soils around the proposed dumps wouid
be relatively low {less than 10~7 m/s) in most areas. By assuming a
typical cross-section of channel and an estimated wetted perimeter of about
5 m the estimated seepage from the unlined diversion ditches would be
between 50 to 150 m3/d per km length of channel.

The ground water table in the Medicine Creek area is in the order of 30 m
below ground surface in the valley bottom and is estimated to be less than
30 m in the bedrock on the valley walls. The leakage from the ditches
would cause the ground water tabie to rise by a few tens of metres.
However the exact amount of rise cannot be estimated at this stage.

The proposed Houth Creek diversions are to go arcund the dump perimeter and
along the southern side of the Marble Canyon Valley. Most of the surface
soils would be glacial till, however the ditches would have to be cut
through solid limestone bedrock in some sections, and in other sections
colluvial deposits would be encountered. Hydraulic conductivities in these
areas would be high and sealing of the bottom of the ditches would be
required.

The diversion of the two creeks through ditches around the two dumps would
result in increased ground water recharge in the valley sides. In the
Houth dump area, there would be a transfer of water to the Marble Canyon.
This increased ground water recharge would be a minor beneficial impact
particularly in the Marble Canyon area where there is a significant
aquifer.

Dump Area Drainage Ditching and Lagoons

These ditches would help to control ground water tables in the valley
bottom, but would have no major impact on the overall ground water
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resource., The result would be a minor impact on water tables and the
ground water flow regime.

B. Plant

Water Reservoir

The surficial sediments in the area are made up primarily of clay with
glacial drift. Based on limited borehole information in other parts of the
Medicine Creek Yalley and on the bedrock geology map (Figure 4-1) the
underlying bedrock is 1ikely to be a sedimentary rock with hydraulic
conductivities of about 10~7 m/s. The depth to ground water table is

not known but js likely to be in the order of 2-10 m below ground.
Estimated seepage losses from the reservoir to the ground water table would
be between 3 and 10 m3/d.

The seepage from the reservoir could raise the local water table by an
order of a few metres. This is considered a minor beneficial impact.

Ash Disposal Facilities

The project description(3) describes one preferred scheme (base scheme)
and three alternative schemes (Schemes 1, Ila and IIb) for ash disposal

from the power plant. These schemes are summarized in Table 6-2.

The quantities of recirculation water and water lost with the ash for
various types of Hat Creek coal are given in the water management study
Integ-Ebasco38. This report shows that the estimated water discharge

to the wet ash ponds is 91.2 1/s (7880 m3/d). A1l of this water would
be stored in the pond, some would eventually be lost as evaporation from
the pond surface and some would seep through the retaining structures or
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through the local surficial materials. No detailed testing results on the
engineering properties of Hat Creek fly and bottom ashes are available. A
summary of selected ash proparties reported in the literature, together
with some data on Hat Creek ash are included in Table 6-3. These
preliminary data suggest hydraulic conductivities in the range 1076 -

10-4 m/s for Hat Creek bottom ash and 5 x 10-9 - 10-6 m/s for

Hat Creek fly ash.

The following is a brief discussion of hydrogeological conditions and
estimated seepage flows from the proposed ash disposal dumps and three

alternate schemes. The estimated flows are approximate (+ 50 percent}
and are intended to represent maximum steady state seepage flows. The fate of

the ground water seepage for each scheme is summarized in Table 6-1.

Base Scheme

A till blanket covers most of the sandstone - shale - greenstone bedrock in
the proposed ash pond area. Boreholes RH77-48 and RH77-49 are located in
the vicinity of the western embankment (see logs in Appendix A3.0). Field
tests of the hydraulic conductivity of these bedrock sediments in the
boreholes gave values of about 10-7 m/s. The depth to ground water

table in the bottom of the valley is about 20 m.

The upper Medicine Creek Valley forms a natural containment bowl for
retention of the wet ash. However a major fault passes beneath the pond
(see Figure 4-1) and the possibility of seepage along this fault was
considered. However, tests in Boreholes RH77-48 and 77-49 do not indicate
significant hydraulic conductivity differences between fractured and
unfractured rock in this valley. If the hydraulic conductivity values
obtained from the two boreholes are representative of the bedrock over the
entire site, then the seepage from this pond is not likely to be very
high.

By assuming the conditions shown in Figure 6-4, the estimate of seepage
loss to the ground water table underneath the western dam embankment, when

6 - 22



concr ne YRS

SKETCH OF PROBABLE BROUNOWATER SEELAGE.
LLOWS ARIUND EARTH FILL EMBANKMENT AT Figure 6-4
WESTERN END OF LLPER MEDICINE CR ASH POND.

PLAN"
ScALE - 1: 59000

o ! 2 Kriomerres
imar

Corndour /irfevye/ - /100 .

SECTION A-A7
Lo fo Sco/=

LEGCEN LD Embarkrmert Striuclirs.

————— EXI1STIIG Qrocaawarer febl/e.
e frobaoble grovrrTwotier rodle
NOTE. K vra/ues grver are WhIERr? LOr SUrrPce ARs reccires
rypreal Hyarau/ic TITHIITIUITT? IO,

concluctivivres (m/s) Grourigwater Flows.

| l— Afrr0r

sl Args0r

Golder Associates




at full construction height, is 20 m3/d. Little data is available on

the geology at the eastern side of the pond {in topographic divide)l However
the estimated seepage to the ground water table beneath the pond and

flowing eastwards through the topographic divide is 10 m3/d. Depending

on the type of embankment construction at the western end of the pond, the
seepage through this structure could be between 20 and 100 m3/d.

The seepage losses to the ground water table are from physical considera-
tions only, considered to be a minor beneficial impact.

Alternative Scheme I:

Little geologic data is available for the evaluation of the Harry Lake
area. No boreholes have been drilled in the proposed bottom ash disposal
area. However, some holes drilled southeast of the site (see DOH-B27, see
Figure 3-4) indicate that bedrock is about 10 m below ground surface and
that the surface till deposits are extensive. The ground water table is
about 3 m below ground.

In a wet ash disposal scheme at the Harry Lake site a considerable amount
of seepage could fiow both out of the toe of the ash spoil slope and as
ground water seepage under the dump itself (see Figure 6-5). Most of the

ground water seepage would reappear in the channel of Harry Creek and would
be collected in the catch basin. However the estimated recharge added o

~ the local deep ground water flow system resulting from the ash storage

would be about 20 m3/d (see Figure 6-5). This ground water flow system
discharges into the glacio-fluvial aquifer in the buried bedrock valiey
(see location Figure 3-4). In addition, during the drier months, much of
the flow in Harry Creek appears to seep down to this aquifer.

While not strictly ground water seepage the maximum annual above ground
seepage {i.e. in the ash or retaining embankment) would be between 20 and
100 m3/d. The seepage from the pond would have a minor beneficial

impact on the local ground water flows. This seepage, plus seepage losses
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from Harry Creek would indirectly recharge the burifed channel aquifer in
the Hat Creek Valley.

The disposal of ny ash in the Upper Medicine Creek Yalley would have
similar impacts to the base scheme with a lower magnitude. Annual peak
seepage flows through the embankment would be between 20 and 80 m3/d.

Alternative Scheme Ila:

Most of the water losses would be as direct seepage out of the toe of the
bottom ash storage area. However, some seepage to the ground water table
would occur. The total seepage losses to the ground water table from the
bottom ash storage area, wet pond and fly ash storage area combined is
estimated to be 35 m3/d (see Figure 6-6). Depending on the depth to
natural ground water table and thickness and hydraulic conductivity of the
underlying till, some ground water seepage could surface in Harry Creek.
Peak ‘annual above ground seepage would range between 20 and 120 m3/d.

As with Alternative Scheme I, the seepage from the ash storage area would
indirectly recharge the buried channel aquifer, both as seepage from
beneath the storage piles and as seepage losses resulting from increased
flows in Harry Creek. The ash storage would result in a minor beneficial
impact on ground water resources.

Alternative [Ib:

Precipitation and some residual moisture retained in the ash would seep
down through the ash piles and enter and eventually saturate the surficial
sediments and bedrock below {see Figure 6-7). The total seepage losses to
the ground water table would be about 35 m3/d. The above ground

seepages surfacing at the toe of the bottom ash pile would be between 20
and 120 m3/d. These seepage losses would indirectly recharge the

buried chanrel aquifer. '
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Flue Gas Desulphurization Waste Solids Area

No detailed information is available on the subsoil conditions at the
proposed pond site. However, assuming a 10 m thickness of till and/or a
compacted clay liner with an average hydraulic conductivity of 10-8

m/s, the estimated seepage loss from this pond would be 140 m3/d. This
represents a minor beneficial impact on the ground water resource.
However, water quality considerations might negate this benefit.

Ash Sluice Water Sludge Area

Little data is available on the construction details and soil conditions at
the sites of these facilities. However, the seepage losses to ground water
are likely to be low due to the presence of till at or near the ground
surface. This activity would resuit in a minor beneficial impact.

Creek Diversions

The same comments given in the construction phase will apply.

C. Offsites

Hat Creek Qiversion

Canal (Base Scheme):

The surficial sediments along the canal route are 1ikely to be very varied
ranging from relatively clean sands and gravels to dense till. The
estimated hydraulic conductivity of these sediments could range from
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10-8 to 104 m/s. The depth to ground water table along most of

the canal route would generally be greater than 100 m. If we assume that
the highly pervious zones are lined with a low permeability material and
that the average hydraulic conductivity of the material at the canal base
is 10-6 m/s, then the estimated seepage loss per kilometer would be 100
m3/d. Thus, the total seepage over the entire 6.37 km canal would be

637 m3/d.

Minor ground movements due to pit excavation could cause some damage to the
liner material in the canal invert. However, this damage would be repaired
as part of the on-going maintenance of the canal system.

The canal follows the same direction of the buried channel aquifer and most
of the seepage would infiltrate down through the unsaturated sediments to
this aquifer. However, the canal is located near the pit rim and most of
the recharge is within the zone of influence of the pit dewatering.
Consequently, most of the seepage would be collected in the pit dewatering
wells. Some seepage beneath the northern end of the canal would flow
northwards, resulting in a minor beneficial impact on the buried channel
aqui fer,

Canal (Alternative):

In this alternative, some of the Hat Creek flow would be pumped in a pipe
to the power plant and a smaller flow diverted around the pit in a small
canal. The seepage losses from the pipe would be negligible, however a
minor seepage loss of about 100 m3/d from the canal can be anticipated.
There would be a minor beneficial impact on the local ground water flows.

Reservoir {Base Scheme):

The surficial sediments at the proposed reservoir dam site are likely to be
made up of allyvium close to the creek and dense till deposits beneath the
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alluvium and flanking the vailey walls. Average hydraulic conductivities
in the order of 10-5 m/s for the alluvium and 107 m/s for the till

can be expected. The estimated seepage losses through and underneath the
dam would depend on construction details. However, seepage losses of about
1,000 m3/d could be expected even if a seepage blanket was installed.

The estimated ground water flow down valley in the alluvium is 2,300
m3/d (see Section 4.1 (a) ii) A). Thhs, the reservoir dam would lower
the ground water table in this aquifer downstream of the dam. Thus, the
natural ground water fiow in this aquifer would be reduced by 43 percent.

There would be a rise of between 20 and 35 m in the ground water tables
along each side of the valley south of the embankment. However, the overall
impact on the alluvial aquifer would be ambivalent.

Reservoir (Alternate):

This alternative proposes that a large reservoir be retained behind a 30 m
high dam. The reservoir would be much larger than proposed in the base
scheme (15 m). Estimated seepage losses under the dam would be at least
twice as great as the base case. The resultant impact would be
ambivalent.

Drainage Control Along Main Access Road

There would be 2 minor ambivalent impact due to increased ground water
recharge in some areas and reduced ground water tables in others.

iv) Decommissioning
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Reclamation of Dumps

Some ground water could be used to irrigate the revegetated dump areas.
The recharge to ground water table would be negligible and considerably
less than during the operating stages. The overall impact on ground water
would be ambivalent.

Reclamation of Pit

The ground water table would return to its present elevation. Based on
geotechnical data obtained in the evaluation of the stability of the pit
side slopes, a moderate rise in the ground water table would make the wall
unstable. Thus, as the anticipated rise of the water table during the
filling of the pit would be very large, there would be significant slope
instability. This would cause very severe downhill slope movement. The
resulting downhill siope movemert would make the task of maintaining the
diversion canal very difficlt and extremely expensive.

Ground water recharge to the alluvial and buried bedrock valley aquifers
would be restored to slightly mcre than pre-construction flows. However,
the overall impact of the decommissioning of the pit would be a major
negative impact resulting from the rising ground water table.

Maintain Creek Diversions Around the Pit

The canal would continue to recharge ground water to local aquifers
resulting in a minor beneficial impact on ground water resources.

Maintain Drainage Diversions

As outlined in the construction phase the impact from stream diversion
would be ambivalent.
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B. Plant

Reclamation of Ash Disposal Areas

The cessation of circulation water discharge and the planting of vegetation
on dump surfaces would reduce ground water recharge. However, the rate of
recharge would still be slightly greater than the pre-construction rates
and the net result would be a minor beneficial impact.

Maintain Ditching Lagoons and Creek Diversions

As with construction phase, the impact would be ambivalent.

C. Offsite

There would be no impacts caused by offsite facilities during the
decommissioning phase.

v) Overall Impiact Assessment

The impacts of the proposed development on the ground water resource are
symmarized qualitatively in & matrix given in Appendix E. Quantitative
values of the more easily assessed impacts are summarized in Appendix F.
This quantitative matrix relates impacts to the three major aquifers in the
area.

The total ground water resource in the area would not be 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 ground water abstractions apply to the
construction period only and would not apply when Thompson River water is
made available.
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The pit dewatering system would pump up to 3,000 m3/d of ground water

at peak periods. This dewatering and the pit excavation would cut the
alluvial aquifer in half and significantly reduce ground water flow in the
northern end of this aquifer. However, even this peak flow represents only
32 percent of the total ground water avatlable for development in the
northern part of the valley. Most of this water would be returned to Hat
Creek and only a small percentage (less than 20 percent) -would be Tost in
evaporation from the pit wallis. The steady state ground water pumpage from
the pit would be about one half the peak flow and only 16 percent of the
total ground water resource.

The upper parts of the waste dumps would act as large sponges that would
retain precipitation and surface water run-off during wet periods and would
release this water, along with soil moisture expelled with soil water
resulting from consolidation, gradually during the remainder of the year.
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 ground
water, could be significant if the rock does not compact under its own
weight., However, the combined maximum discharges to the ground water tabie
from the three waste dumps represents only 7 percent of the total

resource.

As with the waste dump, the seepage from the ash dumps and ponds would
largely affect the surface water flows and have only a minor impact on
ground water. Most diversion canals and ditches would redistribute the
surface water and slightly increase recharge to the ground water aquifers.
However, seepage from the Hat Creek diversion canal would cause some slope
instability and during the decommissioning stage would seriously affect the
operation of the canal.

A1l impacts on the ground water resources would be restricted to an area

with a radius of about 7 km from the center of the coal pit. Within the area

of influence there would be many minor negative impacts, however, these would

be mitigated by an equal number of beneficial impacts and the net impact would
be ambivalent,
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(b) Surface Water

A major surface coal mine and thermal power plant can affect surface waters

in many ways. Before discussing the detailed impacts of the various project
activities, a discussion of the processes which generate impacts may be in
order. They are generally well understood, although some cannot be quantified
"with the type of data available for the Hat Creek area. The predominant pro-
cesses by which the Hat Creek development will affect surface water hydrology
in the Hat Creek area are: 1) modification of the local water balance by chang-
ing the nature of the ground surface, and 2) re-arrangement of the drainage
system.

The project will eventually involve some surface disturbance over an area

of approximately 35 kmz, 97 percent of which lies in the Hat Creek drainage.
Most of the remaining area lies in the Cornwall Creek drainage. The effects
of surface disturbance can vary widely, depending on the details of the activ-
ity.

Simple clearing of the relatively sparse forest cover in the Hat Creek area
has the following three principle effects:

1. Interception losses are almost eliminated, thereby making more pre-
cipitation available for storage in the snowpack, for infiltration,
and for runoff. The magnitude of this effect is difficult to estimate

but, based on various studies cited by Chow13

» the increase in precipi-
tation reaching the ground could be of the order of 5 to 10 percent,
or 15 to 30 mm. New growth of grasses or shrubs on cleared areas could

quickly eliminate most of this effect.

2. The depth of soil available for active soil water storage is reduced.
Comparison of the two parts of Table B1-2, for 200 mm and 100 mm of
soil storage respecfive]y, gives an estimate of the magnitude of this
effect. Runoff is seen to increase from zero to 22 mm.
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3. The forest canopy tends to prolong and delay snowmelt by several weeks,
thereby reducing peak runoff rates during spring freshet.

Secondary effects due to clearing include decreased infiltration capacity,
decreased surface storage and hydraulically smoother surface. A1l these fac-
tors work in the same direction as the main effects, namely towards earlier
and larger flows -during spring freshet and during rain floods.

These conclusions are well supported by extensive studies on the effects of
togging on streamflow regimesla. In the case of coal mines there are fewer
studies and the conclusions are not nearly as clear cut. Collier 53.2115,
and Curtis]s’17 find that mined drainage basins do produce larger floods but
the converse has also been noted (Cederstromls; Curtisig). This is not sur-
prising since clearing is only one of several activities in coal mining that
can have major effects on the surface flow regime. Runoff storage in pump
sumps and in sedimentation basins, or increased ground water storage in deep,
permeable coal or waste piles -are other mining activities that tend to delay

and regulate runoff.

Another important secondary effect of clearing is increased erosion and sedi-
ment yield. Clearing exposes soi] to erosive action of rain, sheet flow and
concentrated flow. The effect of logging on sediment yield has been studied
extensively but the findings depend strongly on local climate, soils and ter-
rain slopes and are therefore not readily transferable. Assuming that clear-
cut logging corresponds to clearing, the sediment yield from small areas could

increase by a factor of 2000 to 400014.

Collier et a1'®

Tist some comparative sediment yields for various surfaces
in the surface-mined Beaver Creek drainage basin of Kentucky, indicating that
spoil banks produce 1000 and 2000 times more sediment than equal areas of
undisturbed land. Sedimentation problems will be discussed in Section 6.2
(b) but it should be noted here that, if sediment is not properly controlled,
it could be redeposited in the stream channel downstream of the mine, where

it might obstruct the flow and cause flooding and erosion damage.
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Grading changes surface slopes, generally in the sense of making them more
uniform and hydraulically smoother. The effect on surface runoff is unpre-’
dictable because the average surface slope and surface storage might be in-
creased or decreased. The effects will Tikely be much smaller than those
due to clearing, and therefore not recognizable.

~ The projecf will also change the ground surface composition over extensive
areas. Forest and rangeland with rough and relatively permeable soil sur-
faces will be replaced by extensive impervious surfaces (e.g. spoil dumps,
buildings, paved areas, open pit mine), standing water (e.g. Medicine Creek
ash dump, make-up water reservoir), and smoothly graded surfaces with low
infiitration capacity (e.g. gravel roads, storage areas, camps, etc). These
areas will provide considerably increased runoff rates. More important than
this increased annual average water yield,is the much increased runoff rates
during periods of intense rainfall or snowmelt. Impervious surfaces can eas-
ily produce runoff rates that may be ten times as high as the corresponding
rate from an undisturbed, natural surface ., Under wet conditions, fast storm
runoff from all disturbed areas combined might reach over 30 percent of pre-
cipitation, almost twice the highest observed value for Hat Creek of approx-
imately 28 percent (Table 4-6).

The second major cause of project impacts on surface water results from the
extensive rearrangement of the drainage system in the genera)l area of the
mine and plant. The mine, the two spoil dumps, the ash dump and the make-

up water reservoir will occupy valleys and displace the existing streams.
Extensive diversion channels and runoff intercepting ditches will have to

be constructed to prevent flooding of the mine and of the dump areas. Natural
streams and flood plains are being replaced by a system of small dams, canals,
ditches, chutes, sedimentation ponds and pump stations.

While the natural channels can, and frequently do, overtop their banks, the
diversion canals cannot be allowed to do s0, since they generally follow hill-
sides . where overtopping could have serious consequences. The canals therefore
have been designed for much larger flows than the capacity of the natural
channels they replace and they will generally operate far below design capacity.
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They will give the appearance ¢f large, almcst dry channels during most of
the year. This gives rise to problems with water temperature as discussed

in Section 6.2(b)({iii)C.

The system of drainage ditches will tend to speed up runoff during periods
of major rainrall or snowmelt and this in turn will tend to increase peak
flows. By itself this effect would be negligible but in combination with
the extensive surface disturbances discussed earlier, the effect could be
noticeable, although not necessarily significant.

The tendency towards faster and somewhat increased runoff is counteracted

by the provision of storage in the head ponds of diversion canals, in sedi-
mentation basins and in pump sumps. The mine in particular will drain inter-
nally to a sump, which will be pumped out to a sedimentation basin at a much
slower rate than the peak inflows from a major rainstorm.

Downstream of the project area, the modified runoff regime of Hat Creek could
2lthat
stream channel dimensions are relatively insensitive to changes in the flow
regime. Channel width tends to be proportional to Q0°°
ally found to vary in the range of Q0'3 to 00'4. In practical terms this

means that a 20 percent change in the channel-forming discharge would eventu-
ally result in a 10 percent change in channel width and a 6 to 8 percent change
in channel depth. According to Section 4.1 (b) (ii} D the channel-forming
discharge of Hat Creek is ill-defined because the channel itself is ill-defined.
It appears to be of the order 10 to 25 mq s'] with a return period somewhere
between 4 and 30 years. These values would need to be altered considerably
before any downstream changes in channel morphology could become noticeable.
Only the alternate diversion scheme with significant storage in the Hat Creek
valley and decommissioning by conversion of the mine pit into a lake have

the potential of doing so. ODiversion of the entire Upper Medicine Creek into

cause changes in stream morphology. It is, however, well established

, while depth is norm-
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MacLaren Creek and Cornwall Creek offers a similar potential for changing
(increased) channel dimensions there.

As part of the general rearrangement of the natural drainage system in Hat
Creek, Finney Lake (16 ha} and Aleece Lake (4 ha ) will be drained. This
replaces 20 ha of open water with a corresponding area of lake sediments,
probably fine grained and quite impermeable. The effect will be a tendency
for earlier, higher peak flow rates during snowmelt or rainfall events and
increased average runoff due to the elimination of evaporation from perennial
open water surfaces. Re-forestation of the dry lake basin could diminish
both of these effects to a considerable degree.

The proposed project involves many other activities affecting surface water
hydrology, besides the ones discussed so far in a general context ({e.g. |
culverts, a water intake on a major river, drainage of a water pipeline etc.),
but all the main impacts are associated with the activities discussed here.
Other, minor impacts will be discussed in the course of the succeeding de-
tailed discussion of the project activities.

(i) Preliminary Site Development

The preliminary site development activities will have only minor impacts.

The surface disturbance caused by such activities as access road construction,
installation of trailer camps, exploratory drilling, etc., are too small to
‘cause noticeable changes in runoff regime, but there will be a certain amount
of erosion, generating sediment.

The airport would result in a paved area of approximately 50,000 m2 at an
elevation of 500 m in the Ashcroft-Cache Creek area. No drainage system ap-
pears to be planned, runoff from the pavement would infiltrate on adjoining
areas. This approach is probably acceptable since the water balance of that
area shows a large water deficit. Whether the soils surrounding the paved
area are sufficiently permeable to permit infiltration remains to be investi-
"gated.
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The Bulk Sampling Program is now completed and a preliminary description is
availables. The environmental assessment of May 1977, prior to construction,
pointed out two potential concerns with Trench B. It appeared that runoff
from the waste pile could drain into Hat Creek and that the pile was exposed
to erosion by floods on Hat Cr-eek.22 From the "as built" report it now appears
that some minor design changes have been made to ameliorate at least one of
these problems. The exposed toe of the waste pile was built out of the coars-
est gravel available from the excavation. The overburden (waste) pile still
drains into Hat Creek. However, since most of the material was below the

Hat Creek water table and therefore "well washed", this was not expected to
create any water quality problems. This would appear to have been borne out

(see Section 6.2(b)(i)A).

(i1) Construction '

A. Mine

Construction of the mine and associated dumps and infrastructure involves
extensive clearing, grading and earth moving. According to the mine des-
cription1 up to 3400 ha of terrain will be disturbed during the course of
mining. Detailed estimates of how much of this will be disturbed during con-
struction are not available but it is likely to be of order 1000 ha, or 3
percent of the drainage area of Hat Creek in the vicinity of the mine area.
Besides being only a small percentage of the total Hat Creek drainage area,
the disturbed areas are also relatively low-lying, where surface runoff tends
to be negligible according to Figure 4-39.

Erosion and sedimentation problems will depend greatly on the details of con-
struction planning. [f the various diversions and drainage ditches with sed-
imentation ponds are built prior to clearing and earthmoving, impacts should
be relatively minor but if extensive earth work is undertaken near or in the
existing stream channels prior to diversion, sedimentation problems would
likely develop in the downstream channel.
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The Hat Creek and Medicine Creek diversions replace 9 km and 11.5 km of naturail
stream habitat, with comparable lengths of canals and ditches. Some other
smaller and mostly intermittent water courses such as Finney Creek, Harry
Creek and Houth Creek, will also be partially eliminated or replacad by ditches.

Draining of Finney and Aleece Lakes should not damage the stream environment

if it is done slowly and carefully as proposed in the mine description. Orain-
ing lakes is a difficult operation that can easily get out of hand because

any erosion of the drainage channel tends to increase the channel capacity

and thereby leads to further erosion. Field supervision of the drainage work
by a hydraulic engineer is recommended.

B. Plant

As in the case of the mine, power plant construction also involves extensive
clearing and grading, but the affected areas are generally Tocated 200 to
400 m higher in elevation, in a Zone where there is significant runoff (see
Figure 4-39). To what degree the ash pond is to be cleared during the initial
construction phase is not known at this stage. By assuming that only one
third of its final area will be disturbed initially, it appears that a total
of 300 ha will be disturbed during the initial construction phase (prior to
operation of the first unit), but 13 percent of this area is contained within
the make-up water reservoir dikes, and a further 49 percent within the ash
pond dikes. The impacts on surfacé waters will be essentially as described
in the introduction to Section 6.1 (b}. As in the case of the mine waste
dumps, the magnitude of the impacts will depend greatly on the details of

the construction schedule. Impacts can be reduced considerably if the make-
up water reservoir and ash storage areas are cleared only after the stream
diversions, drainage ditches and sedimentation ponds have been installed.

The plant construction site has an area of approximately 1 km2 of which roughly

15 percent will be impervious. Under conditions of a 2 hour-2 year storm,

3 -1

storm drainage flows could amount to G.2 m™ s~ ', and this drainage will prob-
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ably be released into Harry Creek after passage through a sedimentation basin.
The rate of release will depend on the size of that basin and on the detailed
design of its outlet works. Care will have to be exercised to assure that
the releases to Harry Creek combined with natural flows do not exceed its
natural capacity, otherwise gullying and erosion damage might occur. Accord-
ing to Figure 4-34, the natural capacity of the channel is probably of order
100 T-s'], which corresponds to the estimated 5-year flood flow.

Although the project description3 provides no details on the proposed source
of the construction water supply, the most likely source would be from wells
in the buried bedrock valley aguifer. A flow of approximataly 18 ]»s] or
600,000 m3-yr'] will be required. Any surface water source in the valley
might be significantly affected by such a withdrawal hut the construction
period of a few years is too short to cause significant alterations in channel
morphology or other long-term surface water hydrology impacts.

The location of the construction waste water discharge is also not stated

in the plant description. Section 6.2 (b){ii) B recommends against discharge
into Harry Creek from a water quality point of view. From a morphological
point of view, Harry Creek could be used as long as the rate of release is
kept well below the natural capacity of the stream channel, as discussed above.

C. Offsites

From a hydrological point of view, the most important activities during con-
struction of off-site facilities will be clearing, grading, installation of
culverts, stream diversions and construction of a major river water intake.

The clearing and grading activities are mainly associated with the construction
of the access road, the water supply pipeline, the transmission lines, the
diversions of Hat, Medicine and Finney Creeks and the ash retaining embankments.
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A total of approximately 200 ha of terrain will be disturbed, 48 percent of
which lies in the Hat Creek drainage and 52 percent in Cornwall Creek23.

In both cases, the disturbed area is a small percentage of the total drainage
area. While relatively small in areal extent, these disturbances are, how-
gver, dispersed over much wider areas. This makes careful erosion control
and treatment of runoff in sedimentation ponds much more difficult than in
the case of the more concentrated disturbances associated with mine and plant

construction. Surface water hydrology impacts due to such activities as c¢lear-

"~ ing and grading will depend greatly on the details of day-by-day operations.

While road and pipeline construction have often been observed to cause exten-
sive damage to surface water resources, mainly due to erosion and sedimenta-
tion, most damage is avoidable with careful construction procedures24 and
the proponent is committed tn their adoption. The basic principle is to min-
imize the exposed area and time of exposure of unprotected soil surfaces.

Temporary stream diversions, culvert installation and construction of the
make-up water intake on the Thompson River all have the potential for damaging
stream environments and fish resources. Virtually all damage is aveidable

by proper scheduling, careful execution, and adequate design of any temporary
culverts to meet fisheries guidelines.

(iii} Operation

A. Mine

In the course of mining, large areas that produce practically no surface run-
off in their natural state will be converted to relatively impervious runoff-
producing areas. The mine description lists the main areas of concern. Both
at the mid-point and at the compietion of mining, the bulk of the disturbed
area {roughly three quarters) consists of the pit excavation and the two main
waste dumps, in roughly three equal parts. The remainder is distributed on
many dispersed facilities (e.g. Hat Creek diversion, roads, etc.) and on the
stockpiles for low-grade coal, for coal blending and for topsoil. Surface
runof f from these artificial, relatively smooth surfaces will be rapid and
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the proposed extensive system of drainage ditches will contribute further
to this unnaturally rapid response. The proposed two major lagoons and the

large sump capacity in the mine will, however, act in the opposite sense by

permitting regulation of outflows. The details of this regulating process
are not known at this stage but some rough estimates can be made.

A ten-year, 24 hour rainstorm would deliver roughly 150,000 m3 of runoff to
the mine sump, assuming 60 percént runoff. This would be removed from the
mine at a rate of 100 1-5“1, taking 17 days. Storage in Lagoon No. 1 would
not significantly alter this rate of outflow and one can assume that the mine
might contribute 0.1 mQ s"1 to Hat Creek for 17 days following such a major
storm. Note that the above 60 percent is not a runoff coefficient but simply
the percentage of total rainfall over the pit that is assumed to find its way
to the pit sump within 17 days of the storm. The assumption is based on engin-
eering judgement and is not intended to be particularly conservative.

2 could produce approximately

The Houth Meadows Dump, with an area of 6.15 km
130,000 m3 of fast storm runoff (again based on 60. percent runoff), requiring
11 m of storage in a 1.2 ha tagoon. Storage space for the water pumped from
the mine is to be added to this volume, indicating that the proposed lagoon

area of 1.2 ha may be somewhat small. Runoff from the Medicine Creek dump
is less g¢ritical with the material to be depesited there being more permeable.

This dump will have its own lagoon.

Assuming a 20-day discharge period, releases from Lagoon No. 1 would take
place at a maximum rate of 175 1-5']. consisting of 100 1'5'] pumped from the
pit sump and 75 l-s'] from the retained Houth Meadow Dump runoff. Releases
from the other lagoons are more difficult to estimate, but doubling the above
rate to 350 1-5'1 should lead to a conservative (large) estimate.

In order to estimate the impact of such a rate of release, it can be compared
with Figure 4-31, which summarizes natural flows recorded by the gauge "Hat
Creek near Upper Hat Creek". It is reasonable to assume that natural Hat
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Creek flows would be at least at the median level during the 20 days following
a major rainstorm. On that basis, the added contribution of the lagoon re-
leases to prevailing natural flows in Hat Creek could range from 10 percent
during freshet to 100 percent in August and September. Being based on a 10-
year storm, it is ekceedingly unlikely that releases of this magnitude would
occur more than 10 times during the life of the mine. In Hat Creek, the
channel-forming discharge and the discharge at which the lowest parts of the
flood plain become innundated are of order 10 to 25 mB-s"T (see Section 4.1
(b) {(ii) D}. Since lagoon releases only amount to 3.5 percent of 10 m3-s'],
no significant changes in the frequency of flooding or in channel morphology
are likely.

Surface runoff will occur infrequently at the mine site. Except during snow-
melt, which will not normally last for more than a month (Figure 4-28) there
will be very few runoff-producing rainstorms. During the remaining time the
effect of the mining operation will mainly consist in releasing some treated
effluent and flow from the dewatering wells into Hat Creek. The potable water
supply from the Thompson River (via the Plant Site) has a capacity of 1.6
1-5’1, which constitutes an insignificant addition to Hat Creek except under
exceedingly dry conditions (see Figure 4-36). The expected flow from dewater-
ing wells, at 16 1-s™! and seepage into the mine, also at 16 15”7 could
occasionally constitute a more significant addition. According to Figure

4-36 it could amount to 50 percent of Hat Creek flows in late summer once

in 30 years. However, this flow is not really an addition to Hat Creek.
Practically all the flow that will be intercepted by dewatering wells and

by the mine pit is now entering Hat Creek as ground water seepage. By de-
pressing the ground water table, wells and mine seepage wi]lrprobably be more
uniform than the natural ground water seepage and the above 16 145'] may con-
stitute an addition to Hat Creek under exceedingly dry conditions. The result-
ing changes in natural flows are far too small to have noticeable effects

on channel morphology, but increased dry weather flows are a beneficial impact.
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During winter, dust from the mine will settle on the snowpack of the surround-
ing area and increase its albedo. Based on experience with snowmelt in urban
areas one can assume that this will have the effect of increasing the rate

of snowmelt under clear sky, sunny conditions. ODusted areas will produce
snowmelt on some clear mid-winter days when there would otherwise not be any
melt. In general, snowmelt will occur earlier and more frequently, the dura-
tion of spowmelt will be extended, snow accumulation will be reduced and snow-
melt flows will normally be reduced but could, under some ¢ircumstances, also
increase.

Reclamation of embankments and waste dump surfaces will create surfaces with
similar hydrological properties as the original natural surface. The volume
of runoff from reclaimed surfaces will therefore return to approximately its
natural value but the time distribution of runoff will remain affected by
the project since terrain slopes will be changed permanently and the system
of ditches and lagoons is to remain in place. The exact effect will depend
largely on the operation and maintenance of the lagoons. Lagoons can only
continue to regulate flows if sediment accumulations are removed regularly.

B. Plant

25, the local and

According to the Air Quality and Climatic Effects Report
regional effects of the proposed power plant on climate will be $0 minor that
noticeable secondary effects on surface water hydrology appear highly improb-

able.

The main effects of the power plant will be due to the isolation of signifi-
cant areas from the natural drainage system and due to the discharge of runoff
from impervious or disturbed areas to Hat Creek. Both effects are considered
minor.

The Medicine Creek ash disposal area of 408 ha, the make-up water reservoir
of 62 ha and the plant area of 100 ha will drain internally and will reduce
the total drainage area of Medicine Creek by somewhat over 10 percent., Com-
pared to the major impact on Medicine Creek discussed earlier {diversion into
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ditches and loss of the natural channel) this small change in runoff will
be insignificant.

From a surface water hydrology paint of view there is only a minor difference
between the impact of the various ash disposal alternatives, but the dry ash
disposal schemes are preferable. Al]l schemes involve the isolation of consider-
able areas from the Medicine Creek drainage area. The dry ash disposal schemes
would avoid the infilling of the Upper Medicine Creek Valley and the associated
loss of 5 km of natural Medicine Creek channel. In view bf the fact

that Lower Medicine Creek will have to be diverted around a large spoil dump

and the fact that economic considerations will probably dictate the use of

most of Medicine Creek flows in the plant, this is not a major benefit although
it is significant.

Whether the Upper Medicine Creek drainage is to be diverted to MacLaren Creek
appears to be uncertain. A diversion of limited capacity from Medicine Creek
to MacLaren Creek is presently operating and could be enlarged to handle all
possible flows. Environmental effects on Matharen Creek might be only minor
as the stream may already be adjusted to handling most possible flows. The
MaclLaren Creek channel morphology has, however, not been investigated so far
and, depending on prevailing bed and bank materials and on the magnitude of
diverted flows, the potential for significant detrimental impacts through
erosion and guliying does exist.

Since the plant water supply system can only raise the make-up water reservoir
by 22 cm per day and since there is practically no surface runoff into that
reservoir, it appears most improbable that the spillway of that reservoir

will ever operate. If it did, there could be some erosion and qullying down-
stream.

6 - 43



C. Offsites

The offsite facilities associated with the Hat Creek project are of a rather
diverse nature, so that their impact on surface water hydrology cannot be
discussed in a general way. The following item-by-item discussion is arranged
according to severity of impacts.

Stream Diversions

From a surface water hydrology point of view, the diversion of Hat Creek un-
doubtedly represents the most severe impact of the entire project operation.
Approximately 9 km of the natural Hat Creek chanpel is to be replaced by 500 m
of reservoir, 6.4 km of open canal and 1.9 km of buried conduit. The head-
works reservoir has a maximum area of only 7 ha, with an operating range of

3 mand an active storage volume of 154,000 m3. This is too small to modify
Hat Creek discharges significantly.

According to Section 4.2 (b)}(vii), the mean annual suspended sediment load
of Hat Creek is approximately 3,000 tonnes, with well over 90 percent being
carried during the period May to July. This estimate does not include bed
load (materials rolling, sliding and saltating along the streambed) but in
a degrading gravel-bed stream such as Hat Creek, bedload is generally small,
certainly not more than 10 percent of the suspended load. No data on the
grain size distribution of the suspended load are available, but a certain
percentage, probably around 20 to 50 percent, is likely to consist of clay
and would pass through the head pond. With 3,000 t*yr'] of sediment load
deposited, approximately 2,000 mq yr'I of reservoir volume may be lost init-
ially, but as the reservoir volume becomes smaller, an increasing percentage
of the sediment load will pass through the reservoir into the diversion canal.
It will take between 50 and 100 years for the head pond to fill with sedi-
ment. While this process will convert the 7 ha lake to an equivalent area

of flood plain, it will not impare the functioning of the diversion.




Downstream of the diversion, Hat Creek will be lacking its natural sediment
load and this will lead to some morphological adjustments. They will be minor
because Hat Creek is a degrading stream in its natural state, with the bed
becoming active only during infrequent major floods. The stream will gradu-
ally develop the appearance of a lake-outlet channel with a better defined
channel than at present. The change will probably'not be noticeable except
through careful before-and-after surveys and it should not extend more than

1 to 2 km beyond the diversion. Water levels and the extent of flooding will
decline slightly but this alsc will be too small and too slow a change to

be noticeable.

Some questions concerning winter operation of the diversion canal and the
conduit have not yet been investigated. Considerable quantities of frazil

ice could be generated in the conduit.. - In the canals, the formation of icings
(ice accumulations formed by surficial accretion) can be suppressed by pro-
viding buried, insulated, or heated conduits, or by increasing the depth of
flow in the canals to permit the formation of a thick ice cover. The last
solution is presently favored hut since sudden large flows are possible in
March (Figure 4-31B) the ice cover might become an obstruction.

An alternate Hat Creek diversion scheme, involving significant upstream stor-
age and consequently lower capacity diversion works, has been suggested.

Its downstream effects would be much more noticeable and would extend to the
Bonaparte River as this scheme would effectively regulate Hat Creek. Over

a period of a few years, Hat Creek would develop a smaller and better defined
channel downstream of the diversion and most of the flood plain would not

be flooded again except under most unusual conditions approaching the assump-
tions made for the maximum probable flood. Being smaller and more regulated,
Hat Creek could become more attractive to beavers and this would tend to counter-
act the above tendencies. Major parts of the present flood plain could readily
be converted to marshland by beaver dams.
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The natural channel of Hat Creek is lined by dense phreatic vegetation which
must withdraw significant quantities of water from ground water seepage fiow-
ing towards (or out of) Hat Creek. The vegetation also shades Hat Creek.

In the diversion canal, on the other hand, no trees or bush can be allowed

to become established in order to maintain its carrying capacity and the flow
will consequently be fully exposed to the sun. The combined effect on evap-
oration is probably a slight reduction in losses. Assuming a 20 m vegetation
band and maximum evaporation rates (Figure 4-38) the diversion canal could
possibly reduce losses by 5 to 10 l-s'1 under extreme conditions.

Seepage losses from the canal are estimated at 7.5 1-5'] in Section 6,1 (a)
(iii) B and these losses would naturally occur at all times. Some of the
seepage flow will be returned to Hat Creek via the mine dewatering system.
Whether the overall effect of changed evaporation, seepage out of the diversion
canal, and discharge of mine dewatering flows will be positive or negative

is impossible to say but any changes in flow will certainly be small, probably
too small to be detectable.

Make-up Cooling Water Supply

Even under extreme conditions, the make-up water system depletes the Thompson
River by little more than one percent, so that there will be no significant
hydrologic effects on the Thompson River.

Operation of the pipeline should not cause any major impacts. The most signifi-
cant impact is likely to result from minor failures of drainage and erosion-
control measures during the first few years of pperation, before revegetation

of the pipeline right-of-way has taken hold everywhere. Such minor failures

are almost unavoidable. They can cause some erosion damage, which will have

to be repaired. A major pipeline rupture is highly unlikely to occur. It

would release a large flow of short duration, which could cause significant
damage, depending on the location of the rupture. The capacity of the pipeline
drain to the Bonaparte River is too small to introduce significant flows into
that stream.
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Project Access Road

The main project access road will be a 31 km long, paved, two-lane highway.
Its main impacts on water resources will be threefold:

(i) possible damage to water courses and particularly to their
fish resources due to culverts,

(1) sedimentation due to gullying of road ditches and erosion
of embankment slopes and,

(iii) increased surface runoff from the paved surface.
Only item (iii) is relevant to this section.

The quantity of storm runoff can be estimated conservatively as follows:
Assuming a ten year-one hour rainfall of 15 mm-hodF] falls onto the 25 ha
of paved surface, with 80 percent running off, storm runoff of 0.8 mi s']
would be generated. Since 7 km of the road parallels Cornwall Creek, 0.2

mq <.;"I might find its way into Cornwall Creek where it could temporarily con-
stitute a significant addition to normal summer flows (20 - 100 1-s'1). The
4 km road segment along MacLaren Creek could similarly contribute to that
stream. Morphologically the road runoff is insignificant in both cases but
impacts on water quality are possible. Significant effects on MclLean Lake

are precluded due to the size of that lake.

Qther Facilities

The other off-site facilities, such as the 60 kV transmission system, the
airstrip, the off-loading facilities and other minor facilities will have
insignificant effects on surface water hydrology due to their smail areal
extent and dispersed locations. A1l these facilities involve a certain amount
of clearing and grading, and the creation of minor amounts of impervious paved
and roofed areas.
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{iv) Decommissioning

Being over 40 years in the future, the details of the project abandonment
process are not well-defined zt this stage. The bulk of the cleared and
graded areas, such as waste dumps, embankments, plant site, coal storage sites,
etc., will be revegetated and should therefore return to reasonably natural
water balances. The main permanent impacts on surface water hydrology result
from filling of the mine pit and its conversion to a lake and from the perm-
anent disturbance of the drainage system caused by drainage ditches and by

the permanent diversion of Medicine Creek around the ash pond.

Conversion of the mine pit to a 225 ha lake will create far more extensive
changes to the surface water hydrology of the Hat Creek area than any of the
project impacts. Downstream of the lake, Hat Creek would be significantly
depleted during the 26 year filling period and then highly regulated. As

in the case of the aiternate diversion scheme, it would eventually develop

a much smaller but better defined stream channel. The entire present flood
plain would be converted to low terraces. Extensive beaver activity could,
however, change this and could result in extensive flooding. A simple, gated
control structure at the lake outlet could give almost complete control over
flows in Lower Hat Creek. Depending on developments in the Lower Hat Creek
Valley at that time, regulation could constitute a very beneficial impact.
The relatively deep lake might not freeze during winter or it might only freeze

Jate in winter. The Targe open water surface will have some c¢limatic effects,
particularly during cold spells, when open water tends to generate fog.

Major problems concerning the period of pit filling remain to be answered.

"In accordance with normal mining practice, the pit slopes will be as steep

as possible and probably only marginally stable in the long term. It is un-
likely that such slopes could remain stable during filling of the pit, yet
the continued operation of the Hat Creek diversion during pit filling will
probably depend on stable pit slopes.
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The proposed permanent diversion of Medicine Creek around the ash pond also
gives rise to concern. A side-hill canal requires continuing maintenance,
since any blockage {e.g. due ta debris jams, beaver dams, ice or slides) could
lead to overtopping of the banks, followed by diversion of the flow straight
down the slope {in the present case, to the ash pond). It would be desirable
to direct Medicine Creek around the edge of the full ash pond at a leve)

below:the pond level by éxcavating into the side hill.

{v) Overall Impact Assessment

The overall impact of the Hat Creek power development on surface water hydrol-
ogy, excluding sedimentation, is significant. The most severe impacts are

the draining of two natural Takes and the loss of 9 km of Hat Creek channel
and of most of Medicine Creek. With the prime diversion scheme there will

be only minor impacts on the quantity and time-distribution of runoff but
decommissioning with conversion of the mine to a lake could result in almost
complete regulation of Hat Creek.

Due to the relatively short life of the mine it would be unreasonable to design
the minor engineering works associated with the drainage system (ditches,
culverts, sedimentation ponds, etc.) for the worst possible condition, which,
in this case, would be the probable maximum flows. One has to accept, there-
fore, that some failures will occur during the life of the project and they
are likely to result in erosion damage and possibly some sedimentation in

Hat Creek, downstream. The erosion damage can easily be repaired but down-
stream sedimentation is not easily remedied. Its detrimental effects should
not Tast more than one or possibly two seasons.

The surface hydrology impacts on the Bonaparte and Thompson Rivers are not
significant.
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6.2 WATER QUAL£;¥
(a) Ground water
(i) Preliminary Site Development
‘A, Mine

Bulk Sample Program
5,26

The Bulk Sample Program involved excavation and removal of coal from two
trenches for burning tests. During this program three ground water stations, in
the vicinity of the trench near Hat Creek (Trench B), were monitored by B.C. Hydro.
Data collected at these stations are included in Appendix C, Tables Cl1-19 to C1-21.
Based on this data, the Bulk Sample Program did not alter ground water quality
significantly. The only noteworthy changes were at Ground Water Station Number 3,
where concentrations of some metal ions increased between June and August 1977;
iron, zinc and strontium increased by factors of about 2 to 5 while sodium in~
creased by about 20. percent. Since the activities of the Bulk Sample Program

are unknown to Beak Consultants, it is not possible to determine whether these
increases are due to project activities or natural causes. A separate report

on the Bulk Sample Program has been written by B.C. Hydro.

Qther Activities

Other activities associated with preliminary site development (eg. exploratory

drilling, environmental sampling and surveying) have not affected ground water
quality.

6 - 50



B. Plant and Qffsites

Hone of the activities associated with Preliminary Site Development for the
power plant and offsite facilities could have affected ground water gquaiity.

(11) Construction
A. Mine

Camp Sewage Disposal

The project description proposes that the construction camp system involve bio-
logical treatment in an earthen basin with ultimate disposal of the treated
effiuent by subsurface injection or alternatively by surface irrigation. The
quantity of treated sewage from a construction camp accommodating 440 workers
would be about 83 m3-d"1 {22,000 USGPD)}, as indicated in the project description.
Seepage from the earthen basin should not be a probiem, providing dykes and the
bottom are constructed of high impermeable matevrials. Disposal by deep well
injection, if feasible, should not significantly alter ground water quality,
providing there is sufficient subsurface travel through a suitable soil type
before emergence of the effluent as ground water seepage in Harry Creek.

Disposal by irrigation would have little impact, provided there is no direct

~surface runoff to Harry Creek and provincial pollution guidelines and objectives

are followed during design and operation.27’28
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A permit from the Pollution Control Branch would be required for construction
and operation of the sewage disposal system. 2

Qffice and Warehouses Sewage Disposal

The project description indicates that sewage from the shops and warehouses would
be treated in a "package-type extended aeration system" with uitimate disposal
from a storage lagoon by using the treated wastewater for dust control., The
effluent quantity was estimated by B.C. Hydro to vary from 20 to 136 m3-d-1
(5,000 to 36,000 USGPD). It is unlikely that this disposal system will have

any impact on ground water quality. A permit wiil 1ikely be required from the

Pollution Control Branch for construction and operation of the system.29

Refuse Disposal

Land disposal has been proposed for refuse from the mine construction camp, the
shops and warehouses. Provided the selected landfill sites are a safe distance
above the water table, with suitable soil base and cover materials, the impact
of leachates on the ground water should be minimal. Ministry of the Environment
Guidelines on Refuse Disposal dictate landfill design and operation,30 Further,
a permit would be required from the Pollution Control Branch.29 Considering that
the proposed facilities would be operated for several decades, it would be
advisable to select a suitable disposal site for all refuse rather than using a
temporary site for the mine construction camp.

Coal Stockpile

It is proposed that 1,000,000 tonnes (1.1 x 105 tons) of uncrushed coal be stored

near the mouth of the mine prior to commissioning the power plant. The estimated
area of the coal pile is approximately 8 ha (20 acres). The proposed drainage
control would consist of collection of runoff by ditching and diverting the runoff
to the closest lagoon.
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Assuming the coal pile storage area base is properly prepared with relatively
impermeable compacted material, it is anticipated that there would be no signifi-
cant pollution of ground water by leachates. Most Teachate would leave the coal
pile along the base and become surface water. An assessment of the quality of
the runoff and its impact on surface water (including leachates) is discussed in
more detail in Section 6.2 (b) (ii) A. |

Low Grade Waste Stockpile

The Tow grade waste dump would begin to be developed during the construction
phase of the project. Assuming proportional production on a yeariy basis, this
dump c¢ould contain 5 x 106 tonnes or more prior to power plant startup. Thus,
the areal size of the dump could be about 12 ha {30 acres). A proposed design
has not been developed for the dump; however, it is assumed that a relatively
impermeable base would be used to minimize percolation of leachate into the
ground water, If this were the case, any leachates would appear in the surface
drainage from the dump. This aspect is considered in more detail in Section
6.2 (b) (ii) A.

Area Dewatering

Both pit dewatering and area dewatering would be required during the construc-
tion phase. This would be done with pumps in the mine and dewatering wells on
the pit periphery. The estimates of initial quantities of purped water are
about 6 1-5'1 {100 USGPM) from the dewatering wells and about 6 1-5-1 (100 USGPM)
from dewatering of the pit proper. Additional water will be pumped from the mine
as a result of precipitation; this is estimated in the mine description to be,

at the most, 9 1-5'1 (150 USGPM), during the early years of the mine. Extraction
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of ground water from the dewatering activities should not effect the quality of
the remaining ground water. The impact of the mine water on surface water quality
is discussed in Section 6.2 (b) (ii) A.

Ovérburden Dump Construction

During the initial stages of the mining operation, three principal areas will be
developed for disposal of overburden: the Houth Meadows region for clays and
structurally weak, low permeable materials, the Medicine Creek area for disposal
of more stable higher permeable overburden, and the North Valley zone for other
surficial materials. Both the Houth Meadows and Medicine Creek dumps will be
contained by embankments made from selected gravel and till materials. Initially,
the overburden materials will be removed and taken to the respective areas by
scrapers; however, at a later date, when distance becomes uneconomical for di- ‘
rect dumping, conveyors will be used., Each of the main dumps would be construct-
ed with blanket or strip "underdrains" at the lower end of the valley to provide
drainage of the embankment and dumped materials. Surface streams in the duﬁp
area will be diverted away from and around the dumps. Control of infiltration
and percolation of precipitation into the dumps will be minimized by maintain-
ing relatively level working surfaces and preventing ponding. Water which per-
¢olates into the dump or drains from saturated sections of dumped materials will
be coliected by dump underdrains.

The material to be placed in the Houth Meadows dump is highly impermeable and
seepage either into or out of the bottom of this dump is expected to be minimal,
The material proposed for disposal in the Medicine Creek dump is considerably

more "free draining" and seepage and leachate production will be greater. Caonse-
quently, consideration should be given to sealing each layer with impermeable
material at certain periods of the year to minimize the infiltration of snowmelt
and early summer rains. Temporary reclamation, by grassing over idle areas of the
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dump to reduce infiltration, has been mentioned as a partial solution to the
problem. The estimated quantity of seepage from each dump is given in Section
6.1 (a) (iii) A. Since these seepages become surface water at the discharge
of the dump underdrains, the quality ef this water s discussed under Section
6.2 (b) (iii) A.

Qther Activities

Activities during construction phase of the mine (eg. construction of the coal
preparation plant, access roads, power line, substation, conveyors and topsoil
stockpiles) are not expected to affect ground water quality.

B. Plant

Construction Camp Sewage Disposal

The project description indicates that the Power Plant construction camp sewage
disposal system would consist of biological treatment in an earthen basin with
discharge of treated effluent to Harry Lake which would be impounded (presumably
by dyking to prevent positive overflow) and the wastewater eventually disposed
by natural evaporation. The proposal would require the containment of all nat-

ural surface runoff in the Harry Creek watershed above the impoundment as well
as the treated sewage.

This concept of sewage disposal would have little effect on ground water quality,
provided the earthen basin is constructed of suitable impermeable soils and
seepage losses from the Harry Lake impoundment and embankment are negligibie.

If these conditions were met, there would be no danger of polluting the remainder
of the Harry Creek surface or subsurface flows. A permit under the Pollution

Control Act will be regquired for this systenuzg
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Shops and Warehouses Sewage Disposal

The project description indicates that a sanitary sewage disposal system will
be installed to service the office, shop, warehouses and Concrete Batch Plant
during power plant construction., There is no fndication, however, of the pro-
posed disposal method. The quantity of sewage for disposal, based on projected
potable water requirements 1isted in the description, would be about 500 m% d"1
(130,000 USGPD). MWater supply would probably be via a well near Hat Creek.
Since the proposed disposal technique is unknown, it is not possible to comment
on the impact on ground water quality. It is recommended, however, that the
design comply with relevant guidelines protecting ground water, if subsurface

disposal is used.

Refuse Disposal

Information on the disposal of refuse from the camp and office, shops and ware-
house operations during the construction phase has not been provided in the
project descriptions. 1t is anticipated, however, that selection of a site meet-
ing all criteria for a Level A 1andf11130 should not be difficult, thus negating
any potential for ground water poliution from this source. Toxic wastes should
not be disposed to this landfill.

Concrete Batch Plant

It is proposed to locate a batch piant near the power plant site to supply the
concrete during construction. The plant would have a capacity of about 153 m3
(200 cu. yd.) per hour, an area for stockpile of sand and gravel, a washdown
area and sedimentation pond to trap suspended solids in the plant wastewaters.
The stated rate of supply of water to the plant is 6.9 1-5'1 (100 usGPM). It is
estimated that 95 percent of this water would be consumed in production of the
concrete mix while the remainder would be used for washrooms and washdown. No
threat to ground water quality is expected, provided the pond is constructed of
impermeable material,
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Ash Disposal Facilities Construction

The project description indicates that several alternate sites are being con-
sidered for disposal of ash generated at the power plant. However, bottom ash
and fly ash are to be disposed separate from mine waste materials due to the
possible future value of the ash as a recoverable resource. The disposal method
proposed as the "base case" is to sluice both the .bottom ash and fiy ash from
the power plant to an ash pond in Upper Medicine Creek Valley. This will neces-
sitate construction of an engineered embankment at the lower end of the pro-
posed pond to retain the ash and provide a column of water above the ash. Ash
pond supernatant would be returned to the plant for reuse in the ash slurry
system. Construction operations would include base preparation, embankment con-
struction, creek diversions, and construction of a cutoff wall for ground water in
the embankment area to prevent ash pond leachate from entering the ground water
once the system is functional. These activities should not affect ground water
quality.

Two alternate ash disposal systems are under consideration:

Alternative I  Bottom ash sluiced to an area in the region of Harry
Lake. Flyash sluiced to a pond in Upper Medicine
Creek.

This alternative would be considered if segregation of fly ash and bottom
ash is established as desirable to facilitate future recovery.

Alternative II Bottom ash disposal, either by dry methods or by
sluicing, to a Harry Lake site., Fly ash disposal
by conveyor to a site near Harry Lake.

This alternative would be evaluated if disposal in Medicine Creek Valley
is impractical, and/or uneconomical.

Activities related to these alternatives would include: base preparation, em-
bankment and berm construction, runoff ditching and stream diversion, possible
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cutoff wall construction, construction of the recirculation water pump station and
the treatment plant, slurry pipeline construction and conveyor construction.
These activities should not affect ground water quality.

Water Supply Reservoir Construction

8 m3) will involve

Construction of the main cooling water supply reservoir (8.3 x 10
area clearing, embankment construction {49 meter dam), and construction of the
makeup water pumphouse and the spiliway. These activities should not affect

ground water quality.

Power Plant Construction

Construction of the power plant will involve building of offices, warehouses,
services, turbine hall, boiler house, cooling towers, switchyard, construction
laydown area, conveyors, stack construction, site drainage facilities, roads
and parking areas. These activities should not affect ground water quality.
Construction of the power plant and auxiliary systems will take several years
as proposed plans indicate a time-span of one year between start of the con-
struction of each unit (one unit is 500 MW).

C. Offsites

Hat Creek Diversion Construction

The proposed Hat Creek diversion around the open pit coal mine would consist of
a headworks reservoir, a pit rim reservoir and pump station, a 7.1 km (23,000
ft) open earthen canal, a 2.2 km (7,000 ft) steel discharge conduit and a piunge
- pool at the end of the diversion., The alternative scheme would involve the
addition of a larger reservoir upstream and possibly a smaller diversion canal.
Construction of these facilities should not affect ground water quality.
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Main Access Road Construction

Construction of the proposed two lane, paved highway will involve activities
such as clearing, grade preparation and surface preparation. No activities
are apparent in the information concerning this activity that would affect
ground water quality.

Plant Cooling Water Supply System Constructfon

The proposed cooling water supply system consists of a 23 km (14 mile) pipeline,
originating at a pier-mounted river intake in the Thompson River, near Ashcroft.
There would be two (2) booster stations along the pipeline and a water treatment
plént,‘consisting of a gravity clarifier (30 m), situatgd near the intake. Con-
struction of the system would involve activities such as clearing, trenching,
excavation for structures, and construction of a cofferdam. None of the activi-
ties should affect ground water quality.

Other Activities

The other main offsite construction activities invoive an airport, an unloading
facility and 60 kV transmission line systems. These activities should not
affect ground water quality.
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(ii1) Operation

A. Mine

Blasting

One of the activities that will occur to a presently unknown degree is mine
blasting. Project infdrmation 1,31,32 varies on this aspect from projections
that blasting will not likely be necessary to the use of considerable blasting
materials {0.12 to 0.17 kg/tonne of coal and overbyrden). Blasting materials
would probably consist of ANFO {Ammonium nitrate/diesel fuel mixture) where
possible due to its economy. Blasting can cause fracturing and cracks in

the surrounding bedrock which would allow mine water seepage to enter the
ground water regime. The potential for this is considered to be negligible

in the case of Hat Creek. Mine water quality aspects derived from blasting
are discussed in Section 6.2 (b) (iii) A.

Mine Area and Pi% Dewatering

Once the mine is in full production, mine area dewatering requirements increase
considerably over the rate during construction phase, principally because

of the pit size. Thus the quantity of seepage into the pit, direct precip-
itation and runoff increases. The quantities of mine water involved have
been estimated in the mine description to be about 30 1-S -1 (500 USGPM)
from dewatering wells and from mine seepage and depending on time of year
and weather, about 9 - 125 1-s™' (150 to 2080 USGPM) from direct precipita-
tion into the pit propér. According to project descriptions, these waters
are all to be pumped into a lagoon treatment system near the Houth Meadows
area (designated in project descriptions as Lagoon No. 1) and discharged into
Hat Creek. Extraction of ground water for pit stability control and removal
of mine waters is not expected to pose any significant hazard to the quality
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of the remaining ground water resources in the valley. The assessment of

- - the disposal of this water is discussed in Section 6.2 (b) (iii) A. Figure
6-8 shows the layout of the proposed pit and overburden dumps.

-

| Overburden Dumps

- As indicated in the project descriptions and in Section 6.2 (a) (ii) A. Qver-
burden Dump Construction, these dumps would be designed specifically for the

- type of surficial or claystone overburden to be placed in the disposal sites.

| The two main dumps, Houth Meadows and Medicine Creek dumps, would be deve loped
with underdrain systems which will collect seepage. The volume of waste material

=" and area of each dump has been estimated as follows:

- - . .
Locagion "ining. End_of Mining

- - Area-ha (acres) Area-ha (acres) Volume 10%m°
Houth Meadows Dump 400 (1006) 608 (1520) 467

- Medicine Creek Dump 232 ( 580) 482 (1204) 289
North Valley Oump 50 ( 124) 50 ( 124) 9.2

- L

- The maximum volume of seepage expected to emanate from the respective dumps
to the ground water table as previously stated in Section 6.1 {a) (iif) A.

- is relatively low, totaling about 400 m3d”' (106,000 USGPD) from the proposed

- Houth Meadows dump and 40 m§d"] (10,500 USGPD) from the Medicine Creek dump.
However, the estimated maximum seepage through the embankments is much higher,

- and is estimated to be between 300 and 1500 rn3- d‘] for the Houth Meadows
dump and between 300 and 2000 . d'I for the Medicine Creek dump. These

- flows become surface water which would be directed to treatment lagoons near
each dump. The quality of the seepages has been estimated from leachates

- - test data done by others33 as shown in Tables 6-4 to 6-8. The overburden

material would be similar to that proposed for disposal to the Medicine Creek
- dump whereas the waste rock would be similar to the claystone material proposed
for disposal in the Houth Creek dump. The chemical quality of effluent
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e TABLE 64

TOTAL EXTRACTABLE SALTS TEST RESULTS*
OVERBURDEN BAH 76-1 AND BAH 76-13

Overburden Overburden

Parameter BAH 76-1 BAH 76-13
pH 7.6 7.65
Suspended Solids 72 412
Total Filterable Residue 1900 2000
Alkalinity as CaCO3 920 1120
Chloride -C1 28 16
Fluoride -F <.0.4 10.4
Nitrate~Nitrogen -N 15 18
Nitrite-Hitrogen : =N < 0.4 0.4
Total Kjeldahl Nitrogen -H 6 5
Biochemical Oxygen Demand (5-day) 370 340
Chemical Oxygen Demand 440 440
Ortho-Phosphate - Phosphorus -p 2.7 3.5
Sulphur -5 80 111
Aluminum -Al 26 13
Arsenic -As 1.3 0.5
Boron -B 1.0 1.0
Cadmium ‘ -Cd < 0.08 .0.08
Calcium, Hard as CaCO3 290 400
Chromium -Cr 1.0 1.5
Copper -Cuy 2.2 3.4
Iron -Fe 14 31
Lead -Pb < 3 3
Lithium -Lij < 0.3 0.3
Magnesium, Hard as CaCO3 358 380
Mercury -Hg 0.010 0.010
Selenium -Se 0.2 0.2
Sodium -Na 178 225
Strontium ~Sr <4 <4
Vanadium =y <0.2 <0.2
Zinc -Zn 6.8 10.8

Data from Acres Consulting Services Ltd.

* Except for pH, all units are mg/kg, indicating miiligrams extracted

per kilogram of dry solids.
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TABLE 6-5
TOTAL EXTRACTABLE SALTS TEST RESULTS*
WASTE ROCK
Parameter Waste Rock

pH \ 7.85
Suspended Salids 7520
Total Filterable Residue 3400
Alkalinity as CaCO 1320
Chlgride : -Cl - 270
Fluoride -F 2.4
Nitrate-Nitrogen -N 19
Nitrite-Nitrogen -N 6
Total Kjeldahl Nitrogen =1 2
Biochemical Oxygen Demand (5-day) 400
Chemical Oxygen Demand 660
Ortho-Phosphate - Phospharus -P 9.2
Sulphur -S 250
Aluminum -Al 24
Arsenic -As 1.0
Boron -8 . 2.0
Cadmium -Cd < 0.08
Calcium, Hard as CaCO3 480
Chromium -Cr < 1
Copper -Cu 4.0
Iron -Fe 76
Lead -Pb < 3
Lithium -Li < 0.3
Magnesium, Hard as CaC03 . 440
Mercury -Hg 0.006
Selenjum -Se 0.2
Sodium -Na 542
Strontium -Sr <4
Vanadium ' -¥ 0.2
Zinc ~-In 8.8

Data from Acres Consulting Services Ltd.
* Except for pH, 211 units are mg/kg, indicating milligrams extracted
per kilogram of dry solids.




TABLE 6-6

RATE OF RELEASE TEST RESULTS*
OVERSUIDEN BAN 76-1

Parameter Individual Extract Cumulative Extract
bay Day Day Day Day Oay Day Day Day Day
1 2 3 . 4 5 1 2 3 4 )
Yoluze of Extract -t - 186 121 83 100 © 150 186 307 390 490 640
B { SR R "9 . 21 1 3 27 22
Suspeaded Salids - 19/}
Yotzl Filteradble Restdue - ::3/1 160 129 109 120 88 180 160 49 14) IJO.
SEeclfic Canductance = umhofen 50 o 101 1o 82
Alkalialty as Cald - mo/ky - 102 54 39 45 60 102 156 195 240 300
Chloride i - m3/kg 4 3 2 2 2 4 ? 9 u 13
Fluorida - w9/kg 0.09 - - - - 0.09 |. - - - -
Hitrate-Hitrogen - /%G 7.4 3.0 1.7 1.0 0.5 1.4 10,4 12.1 13.1 11.6
Ortho-Phosphate = Phosphorus - my/kg 0.28 e.12 0.2 0.25 0.3 0.28 0.40 0.65 0.80 1.18
Sulphgr ~ wg/kg 1.3 4.8 3.7 1.9 3.2 1.3 6.1 9.8 13.7 16.9
Arsenic - oifkg 0.1 - - - - 0.1 - .o - -
Boron - pa/kq 0.04 - - - = .08 . - - -
Eaieien, Hard ] el amal wol mo] o aa| el sal ne %.9 | 2.2
clum, as - . . . . . . . . . .
Chromiua CLCO) - :glkg 0.09 0.07 0.0% 0.04 .0.05 0.09 0.16 0.2 0.2% 0.30
Copper C - my/kg 0.65 0.0 0.0} 0.02 0.02 0.65 0.68 on 0.73 9.7
tron - 53/kg 0.6 1.5 3 0.3 0.2 0.6 2.1 2.4 2.5 2.6
Lesd - mg/kg < 0.04 - - - -] ©0.04 - - - -
Hagrestum, Hard a3 CICOJ - py/kg 21.2 28.7 19.7 25.4 26.9 21.2 §5.% 75.6 101.0 127.9
Fercury : - m/kg 0.017 - - - - 0.03? - - - -
Sodium ~ mg/k] 2 n 7 5 6 27 10 47 52 53
Vanadium - 8g/kg < 0,02 - - - - < 0.02 - - - - -
ling - 0g/kg 0.06 6.04 0.03 0.02 6.0 0.06 g.10 0.1 0.15 0.16
Adgitiona) Data: Individual Extract
bay Day Pay
& &,
Yoluma of Extract - nl 50 - 200 200 . #oight of Sample: 100 ¢
pH ’ 8.3 8.4 4.5 Particle Stze: 2 omx 0.6 mu
Suspended Solids - "/l 9 10 - 10 Packed Column Length: 10 ¢m
Specific Conductance = pmho/ca 65 . 58 54 Water Required for Saturation: 25 @l
) Average Temperature: 22° C

Data from Acres Consulting Services Ltd,

* Except where noted, Tesulls are expressed in units of mg/kg, Indicatfng @i1ligrams extracted per kilogram of dry solids. Individual results

are shown for extracts collccted after successive 24-hour periods and cusulative figures are calculated from individual results. A dash {-}
indicates that the parameter was not analysed.




TABLE 6-7

RATE OF RELEASE TEST RESULTS*
OVERDURDEH BAH 76-13

Paramater Individual Extract N Cumulative Extract
Day Day Day Oy tay Oay Day day Bay Day
1 2 3 4 5 1 2 3 4 5
Yolure of Extract - rl W 267 1% 125 100 1 364 - 459 554 604
PH ' 1.9 8.0 1.5 1.5 1.6
Suspended Solids - &0g/) 25 4 54 2 20 25 36 29 35 1
Total Filtcrable Residue = mg/1 160 S? © 66 &6 3% 160 . 88 Bs ') "
Sgpecific Conductance - usho/ca 290 54 60 68 55 .
Alkalinity as CacO, - wy/kg 90 9 2 40 2 80 183 " 208 28 216
thloride - m/kg 2 [ 1 1 1 2 10 n 12 13
Fluoride - £9/kg 0.08 - - - - 0.08 - - - -
Hitrate-Nitrogen - m9/%g 1.0 4.0 1.1 1.3 1.0 7101 1.0 12.1 13.4 4.4
Ortho-Phosphate - Phosphorus - mg/kg 0.23 0.67]. 0.1 0.19 0.10 0.23 Q.50 1.0} 1.20 1.3
Sulphur « mg/kg 7.8 6.1 1.2 1.9 1.3 1.4 13.% 15.1 nae 18.1
hrsanic - mg/kg X - - - - . 004 - - - -
Soron - ng/kg 0.02 -1 - - - 0.02 - - - -
Cadntua ) - mg/ke . 1< 0.00 - - - - <.8.003 - - - -
Caicium, ward as ur.os . = my/kg 29.1 23.4 6.0 .0 10.0 29.1 §4.7 6.7 18.7 88.7
Chrosiun - mg/k§ ¢.06) 0.08 0.03 0.04 0.03 Q.06 0.1 0.17 0.21 0.24
Cozper - mgfkg 1.04 0.03 0.03 a.0 0.0} 1.64 1.6 1.15 1.78 1.81
Iron - my/kg 1.2 0.6 0.2 0.5 9.7 1.2 1.8 2.0 2.5 1.2
Lead - agfkg < 0.0 - - - - +0.03 - - - -
agnesium, Mard as ClCO, - ng/kg M2 19.0 3.5 1.8 5.0 M. §3.2 56.7 64,5 70.3
harcury -~ mg/kg 0.002 - - - - a.002 - - - -
Sodham - m/kg a7 27 8 8 § 4 " 82 ] 95
Yanadium - mg/kg < 0.02 - - - - ¢ 0.02 - - - -
Lire - 5g/kg 0.04 0.03 0.02 0.04 0.03 0.04 0.07 0.9 0.13 G.16
Additional Data: ' Individual Extract
Day Day Day
£ A A
Yolure of Extract - al 100 17§ 150 . Welght of Sample: 10
pH 7.5 8.8 . 8.7 Particle Size: to x 0.6 W
Suspended Solids - ngfl 16 1 n Packed Coumn Length: 10 ca
Specific Conductance ) - pano/ca 43 40 40 : Wator Required for Saturstionm: 25 g
Average Temperature: 2° ¢

Data from Acres Consulting Services Ltd.

® Except where noted, results ara cxpressed in units of mg/kg, indfcating mi'l‘ligrm extracted per kilogram of dry solids, Individual resuits
are shoan for extracts collected after successive 24~hour periods and curmlative figures are calculated from fndividual resuits. A dash (-}
indicates that the paramecter wat not analysed. :




TABLE 6-8
RATE OF RELEASE TEST RESULTS®
ASTE ROCK

Parameter Individval Extract Cumulative Extract
Day Bay . Day Day Day Day Day Day Day Day
1 2 3 4 § 1 2 3 4 §

¥olume of Extract - ml 100 129 118 15 230 100 229 U7 502 132
ot 8.3 8.1 1.7 8.5 8.4
Suspered Solids - moft 1210 950 620 210 126 1210 1064 LAk 696 815
;a:al Filgubh Res{due - g/l 22;8 ;?g :gg 2;2 l?g 2078 1347 1047 789 600

pecific Conductance - grho/cm
Alkaiinity as CacO Ry 120 129 8 1) n 180 309 393 a0 511
thioride 3 - mg/kg 53 " n 3 3 53 67 8 66 59
Fluoride - x9/kg 0.06 - - - - 0.06 - - - -
Orerato-Nltrogen ¥ 0'i0 0| oz 0t 033 oo 07 0 66 1o 128
Ortha-Phosphate - h - k . . . . . . . . . .
Salphor.Trate - Phasphorus - eyt 10.0 3.5] 2. 2.5 2.5 wo| 1.5 156 16.1 20.6
hrsenic ~ mg/kg 0.1 - - - - 0.1 - . - .
Baran - xg/kg _ 0.05 - - - - 0.05 - - - -
Cudaiua - mofka <0.002 - - - - « 0,002 - - . -
Calcium, Hard as CaCd - 0g/kg 76.2 §1.0 3.9 1.9 28.8 76.2 127.2 159.1 201.0 229.8
Chroalun 3 - ng/k3 0.20 0.09] 0.05 0.08 0.12 0.20 0.29 0.34 0.42 0.54
Capper - mg/kj 2.10 G.08 0.06 0.06 0.23 .10 2.18 2.4 2.30 2.5)
Iron - 53/k3 1.9 3.9 2.2 1.6 2.1 .9 5.8 8.0 9.6 1.9
Lead < xafky < 0.02 : - - S e 002 : - . .
Fagresium, Hard as C;COJ - myg/kg 0‘36; 12,9 17.6 12.9 191 0‘06; 56.6 .2 a7 156.2
¥ - - - - - - R - - - -
g:s%:;, - :gj:; 10 §7 30 3 16 10 127 . 157 160 176
Vinadium - mg/kg < 0.00 - - - - < 0.01 - - - .
Linc - ng/k} 0.28 0.19 0.20 0.20 2.8 0.20 0.47 0.67 0.87 3.6

Additional Data: Individual Extract

Day bay =~ Day
5. g 2

Yolume ‘of Extract - wl 150 200 140 Weight of Sample: 160 ¢

ot 7.7 1.9 8.3 Particle Size: 2 x 0.6 am

Suspended Solids - wg/1 90 80 80 Packed Column Length: - Nen

Specific Conductancs - pnho/en 70 9 15 Water Requirced for Saturation: 65 ml

Average Temperature: 22 C

Data from Acres Consulting Seryices Ltd.

® Except where noted, results arg expressed in units of mg/kg, Indicating militgrams extracted per kilogram of dry solids. Individual results
are shown for extracts collected after successive 24-hour periods and cunulative figures are calculated from individual results. A dash {-)
indicates that the parazcter was not amalysed.




seepages emanating from the dump under drains {s projected as being similar
to that indicated in Table 6-9 which gives the quality of the leachate de-
rived at the first test (the lowest pore volume displacement) in the column
rate of release leachate experiments conducted by others33.

Seepage from the Medicine Creek dump could be expected to have elevated levels
of iron and copper whereas seepage from the Houth Meadows dump would be expected
to have elevated levels of arsenic, chromium, copper, iron and dissolved solids
(Filterable Residue). Both seepages would contain unpredictable levels of
suspended solids. The Houth Meadows seepage could be expected to contain
upwards of several hundred milligrams per liter due to the fact that the mater-
ial being disposed in that location would consist of fine clay materials (ben-
tonite etc.) which produces difficuit to remove colloidal solids.

It is not possible to estimate the acid generation potential of these overburden
materials because the pyrite su]fhr content of these materials has not been
determined. Given the water solublie neutralizing potential of the materials from -
the leachate tests, the pyrite sulphur percent above which acid drainage might
be possible can be estimated. In the case of the overburden tested the critical
pyritic sulphur level is about 0.03 percent while the critical pyritic sulphur
level in the waste rock would be about 0.04 percent. This does not, however,
take into account any solid phase neutralizing capacity which may be available.
Refer to Section 6.2 (b) (ii) A for method.

Coal Stockpile

The discussion in Section 6.2 {a) (i1) A. Coal Stockpile regarding projected
effects on ground water quality applies to the mine mouth coal storage during
the Operation phase of the development and will not be repeated. The only
significant difference will be that, during operation, the coal storage area
including the coal preparation area, will be about 32 ha {80 acres) of which

about 20 ha (70 acres) will be coal storage, assuming continued existence
of the uncrushed coal pile,
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TABLE 6-9

PROJECTED OVERBURDEN AND WASTE ROCK LEACHATE CHARACTERISTICS

Sample: . Overburden 76-1 Overburden 76-13  Waste Rock
Parameters (mg/1)

pH  {units) 7.6 7.8 8.3
Filterable Residue 180 160 2078
Dried at 105 degrees C

800, 35 27 244
Alkalinity (as CaC03) 55 77 180
Chloride 2 1.5 53
Fluoride 0.05 0.07 0.06
Nitrate {as N) 4.0 6.0 3.7
0-phos. {as P) 0.15 0.2 0.4
Su lphur 0.7 6.7 10.0
Arsenic 0.03 0.03 0.1
Baron 0.02 0.02 0.05
Cadmium 0.002 0.002 <0.002
Calcium (as CaC03) 13.2 25 76.2
Chromium 0.05 0.05 0.2
Copper 0.35 1.4 2.1
Iron 0.3 1.05 1.85
Lead 0.02 0.02 0.02
Magnesium (as CaCOa) 14.6 29.2 43.7
Mercury 0.002 0.002 .003
Sodium 15.0 40.0 70
Vanadium 0.01 0.01 0.01
Zinc 0.031 0.031 0.275

Data from Acres Consulting Services Limited

Wk
Estimated by BEAK utilizing BOD5 from Total Extractable Tests and multiplying
by ratio of filterable residue “extracted 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 1 in mg-kg'])x(weight of Sample in kg)
{Volume of Extract at Day 1 in liters)




Low Grade Waste Dump

The discussion presented in Section 6.2 (a) (ii) regarding impact on the
ground water quality applies to the Operation phase of the Low Grade Waste
Dump. There is not expected to be any significant percolation of leachates
to the ground water providing the base construction utilizes well compacted
impermeable material. The only significant difference is that the waste dump
could expand to an estimated 128 ha (317 acres) containing 46 x 106 tons of
low grade waste coal over the Operation phase of the development. The extent
of utilization of low grade coal in the plant in the latter stages of the
plant 1ife is not predictable according to the project description. Runoff
and leachates emanating as surface water are discussed in Section 6.3 (b)
{ii) and 6.3 (b) {(iii).

Reclamation

During the operating phase of the mine, reclamation would proceed where poss-
ible on completed zones of the waste dumps and retaining embankments. The
project description indicates that by midpoint of mining the outer face of
the retaining embankments (designated No. 1 and 2) of the Houth Meadows Oump
{Total Area Reclaimed - 125 ha (312 acres)) and No. 4 of the Medicine Creek
Oump {Total Area Reclaimed - 44 ha (110 acres)) would be fully reclaimed and
revegetated. At the end of mining the entire dumps will have been reclaimed
(Houth Meadows Dump - 608 ha (1520 acres) and Medicine Creek Dump - 482 ha
(1204 acres).

Revegetation studies are currently being conducted by others 3? It is known
however, that fertilization will be required and that irrigation may

be utilized to enhance the reclamation process. Fertilization rates

applied are not well defined at this point, however, based on experiences
elsewhere>%nd recommendations by the B.C. Department of Mine535]7 - 34 kg
ha™ yr'] (100-200 1b - acre']-yr']) would probably be applied. Estimates

of the loss of nitrogen and phosphorous to the ground water were found to be

6 - 63



17 percent and 2 percent of the amgunt applied in lysimeter studies conducted
in the 0kanagan35. Although these nutrient losses would enter the ground water
within the dump faces, these flows would surface at the seepage drains and
enter the surface water §ystem. The impact of this aspect of reclamation

is discussed further in Section 6.2 (b) (i1i) A.

Sewage and Refuse Disposal

Supply of the potable water requirements to the mine office and warehouses

will be by pipelines from the power plant. Sewage handling in the amount ‘
of 140 mgd'] (37,000 USGPD) will be by means of a package biological treatment
system, disinfection by chlorination, storage in a pond and ultimate disposal
by utilizing the treated effluent for mine fugitive dust control. Considering
the quantity involved and proposed treatment and disposal methods, impact

on ground water is projected as insignificant.
Refuse disposal would cause insignificant impairment to the ground water gquality

of the valley provided the landfill is well situated, designed and operated
and precipitation infiltration is minimized.

Other Activities

The other operations associated with the mine, waste dumps and infrastructure
are not expected to present any impact on ground water quality. The disposal

of tailings from a wet beneficjation process has not been addressed in this
report. No conceptual design has been done on which to base an assessment.

Due to the Jarge size of the tailings pond requirements from a wet beneficiation
process, it would be necessary to conduct a specific environmental assessment

if this alternate is considered further.
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B. Plant

Ash Disposal

As indicated in Section 6.2 (a) {ii) B, a number of alternate schemes are
being considered besides the "base case" of wet disposal. Estimates of seep-
age quantities in the wet disposal system and the alternates have been made

as indicated in Section 6.1 (a)(iii) 8. These have been summarized as follows:

Seepage to Seepage to
Ground Water Surface Water
Method (m3.q7 1 (m>-d"")
Base Case Combined Ash Pond 20 20 - 100
Alternate 1 Harry Lake - Bottom Ash Pond 20 20 - 100
Medicine Creek - Fly Ash Pond 15 20 - 80
Alternate 2 Harry Lake - Bottom Ash Dump } 35 20 - 120

Harry Lake - Fly Ash Dump

The quantity of ash produced as indicated in the descriptions, is about 6000
tonnes per day (6600 tons/day). The quantity of recycled ash pond supernatant
presently estimated for the base case would be about 13.4 m3-min'](3500 USGPM).
The seepage loss thus amounts to about 0.6 percent of sluice water input to
the Upper Medicine Creek pond. On another basis, the seepage amounts to about
14 1. min”] per 1000 tonnes per day (4 USGPM per 1000 tons per day) of ash
production. Existing base metal mine tailings operations in British Columbia
experience seepages at 40 to 115 1 min ' per 1000 tonnes per day (10 to 30
GPM per 1000 tons per day)37.,

Although rate of release leachate tests were not run on fly ash or bottom
ash, total extraction Teachate tests were conducted by other53§ and are shown
in Table 6-10. These have been reviewed in comparison to other materials

tested to project the probable quality of leachates from ash disposal areas.
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TABLE 6-10

TOTAL EXTRACTABLE SALTS TEST RESULTS*
FLY ASH AND BOTTOM ASH

Parameter Fly Ash . Bottom Ash
pH ‘ 9.4 8.8
Suspended Solids 35 80
Total Filterable Residue 9450 4770
Alkalinity as CaCO3 2600 1110
Chloride -C 110 110
Fluoride -F 85.2 6.8
Nitrate-Hitrogen -N 5 - 3
Nitrite-Nitrogen - < 0.4 < 0.4
Total Kjeldahl Nitrogen -N 9 4
Biochemical Oxygen Demand (5-day) 200 200
Chemical Oxygen Oemand 360 700
Ortho-Phosphate - Phosphorus -p 1.3 2.2
Sulphur -S 2000 1000
Aluminum -Al 10 7
Arsenic -As 4.3 3.1
Boron -B 6.3 0.7
Cadmium -Cd 0.02 0.06
Calcium, Hard as CaCO3 32490 1320
Chromium -Cr < 1 < 1
Copper -Cu 0.2 0.2
Iron , ~Fe ] ' 1
Lead -Pb < 3 < 3
Lithium =L 0.3 0.3
Magnesium, Hard as CaC03 190 190
Mercury -Hg < 0.002 < 0.001
Selenium =Se < (.02 < 9,01
Sodium -Na 100 110
Strontium . -Sr < 4 < 4
Vanadium -V 1.4 3.8
Zinc =Zn 40 80

Data from Acres Consulting Services Ltd.

* Except for pH, all units are mg/kg, indicating miiligrams extracted
per kilogram of dry soiids.




beak

The literature and rate of release tests on other waste materials indicate
pore volume displacements of 5 to 15 will be necessary before leachate quality
levels off. The time required to reach this point depends on the permeability
of the material as well as on the quantity of water applied or infiltrated

in excess of the material water storage capacity.

Due to the probable permeability of the ash, it is estimated that it will
take many years to displace 5 to 15 pore volumes. Thus the guality projec-
tions have been based on concentrations which are likely to occur during the
initial pore volume displacements.

Leachate from waste disposal areas are generally of similar quality to the
input liquor plus any extracted components. In this case the input liquor,
excluding any precipitation, will be power plant wastewaters such as reverse
osmosis wastewater, water treatment regenerant wastewater and general plant
wastewater used for the ash sluicing, dewatering and wetting.

By ratio of total extractables in ash materials to total extractables in other
materials tested, times concentration in leachate at Jow pore volume displace-
ments, an estimate of the range of major parameters in the ash leachate due
solely to extractables in the ash has been made as indicated in Table 6-11.
Contribution to each major parameter concentration level due to input Tiquor
from plant wastewaters can be estimated from information on quality of this
liquor as calculated from the project description538
6-12, under Combined Wastewaters,

and as shown in Table

Assuming that the return sluice water treatment system offsets any concentra-
tion effect due to reuse, an estimate of the leachate quality likely to emanate
based on the additive contribution from ash extractables and piant wastewaters
is as shown in Table 6-13. Plant wastewater parameters not shown in Table

6-12 were calculated from Thompson River values assuming: the cooling tower
blowdown is Thompson River water concentrated 20 times, the combined treatment
waste is the Thompson River concentrated 11 times, the treated floor drains




TABLE 6-11
PROJECTED LEACHATE QUALITY CONTRIBUTION FROM ASH EXTRACTABLES*

Fly Ash Bottom Ash
Parameter(mg/1)} Range Range
pH (units} : 9-10 8.5 - 9.5
Filterable Residue {105°C) 3000 - 8000 1500 - 4000
BoD, " | 15 - 175 15 =175
Alkalinity (as CaCO3) 400 - 500 200 - 300
Chloride 10 - 25 10 - 25
Fluoride 1.6 - 4.0 0.2 - 0.5
Nitrate (as N) 0.7 - 1.8 0.3 - 0.7
Ortho-phosphate (as P) 0.04 - 0.13 0.07 - 0.22
Sulfate 80 - 160 40 - 80
Arsenic . ' 0.5 - 2.5 0.4 - 2.0
Boron 1.5 - 2.5 0.2 - 0.3
Cadmium < 0.002 < 0.007
Calcium (as CaC03) ‘ 400 - 500 150 - 200
Chromium 0.02 - 0.14 0.009 -« 0.03
Copper 0.1 - 0.2 ' 0.1 -0.2
Iron 0.1 - 0.2 0.1 - 0.2
Lead - <0.02 < 0.02
Magnesium (as CaC0,) 20 - 30 20 - 30
Mercury < 0.0004 - 0.0017 < 0.0002 - 0.0008
Sodium 20 - 30 20 - 30
Vanadium | 0.05 - 0.07 0.13 - 0.19
Zinc ' 0.3 - 1.5 0.6 - 3.0

At low pore volume displacement

**Estimated by BEAX by comparison of total extractable BODS to projections
of BODs in other waste materials tested.

Developed from Leachate Data provided by Acres Consulting Services Limited
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TABLE 6-13
PROJECTED ASH LEACHATE QUALITY

] Fly Ash Bottom Ash
Parameter (mg/1) Range Range
pH (units) 8.5 - 9.5 ' 8.0 - 9.0
Filterable Residue (105°C) 4900 - 9900 3400 - 5900
800 _ < 30 - 190 < 30 - 190
Alkalinity (as CaC03) 1030 - 1130 830 - 1030
Chloride 140 - 155 140 - 155
Fluoride 3.3 - 5.8 2.0 - 2.3
Nitrate (as N) 2.2 - 3.3 1.8 - 2.2
Ortho-phosphate (as P} 0.5 - 0.24 0.18 - 0.33
Sulphate 220 - 300 1180 - 1220
Arsenic <0.6 - 2.6 <0.5 - 2.1
Boron <3.1-4.] <1.8-1.9
Cadmium < Q.08 < 0.08
Calcium (as CaCOa) 990 - 1090 740 - 790
Chromium <0.1 -0.22 <0.089 - 0.11
Copper : <0.2 -0.3 < 0.1-0.3
Iron < 1.6 - 1.7 < 1.6 - 1.7
Lead < 0.04 <0.04
Magnesium (as CaC03) 190 -~ 200 190 - 200
Mercury < 0.0012 - 0.0023 < 0.0Q1 - 0.0016
Sodium . 260 - 270 260 - 270
Vanadium : < 0.13 -0.15 < 0.21 - 0.27

Zinc 0.6 - 1.8 0.9 - 3.3




are the same as the Thompson River, and the treated sanitary wastewater and
HVAC are insignificant. Figure 6-9 shows the proposed layout of the power
plant and ash disposal areas for the base case and Alternate I. For the
layout of Alternate II, see Reference 3.

The literature contains many references to studies on leachate characteristics
from ash disposal. Brown, J. g&_gl?g congucted laboratory and field inves-
tigations on pulverized ash and found the quality of leachate is dependent
upon the condition of the ash. Leachates from ash conditioned to 15 percent
water by weight contained approximately 1.9 times the dissolved solids content
of leachates from lagooned ash (7900 mg/1 versus 4100 mg/1) at low bed volume
detentions. The study also found that the levels of some elements in leach-
ates may be reduced in passing through substrata before reaching the ground
water regime or surfacing.

Chu, T.Jd. 32_31?0 characterized ash pond effluents in recirculation systems.
[t was found that concentrations of calcium, sulfate and total alkalinity
leveled off after about the eighth cycle in alkaline recycled ash sluice
water. Further, alkaline fly ash in repeated contact with water did not
release cadmium, iron, lead, manganese and mercury because of low solubilities
of these trace metals. Boron, barium, arsenic, chromium, copper, nickel,
selenium and zinc did leach into the sluice water, but concentrations quickly
leveled off after about three to four cycles. Sodium and potassium continued
to increase in concentration after 20 cycles (Figures 6-10 and 6-11). The
composition of the ash utilized is compared to that of the ash expected from
Hat Creek in Table 6-14.
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~ Constituent (%)

TABLE 6- 14

CHEMICAL COMPOSITION OF DRY ASHES

Hat Creek (Ash) *

Alumina (A1203) 22
Calcium Oxide (Ca0) 1.4
Iron Oxide (Fezos) 2.4
Magnesium Oxide (Mg0) 0.7
Potassium Oxide (KZO) C 0.2
Silica (5102) 32
Sodium Oxide (Nazo) 0.4
Sulfur Trioxide (803) 0.4
Titanium Oxide (Tioz) 0.4
Hat Creek ..
Constituent (.g/g) Bottom Ash
Arsenic 12
Boron ' 10
Cadmium 0.3
Chromium 86
Copper 166
Lead 10
Mercury 0.03
Selenium 5.0
Zinc 61

- 38
- 8.5
- 28
- 3.3
- 0.8
- 56
- 2.6
- 3.7
- 1.3

Hat Creek  s4s
Fly Ash
m
47

0.5
280
118

32

1.48

4
180

18.52
5.74
20.79
1.23
3.37
46.28
0.66
1.55
1.07

k2 d
Plant £

55
1800
6
90
78
75
0.1
6
540

®* from Integ-Ebasco. January 1977 Power Plant Conceptual Design Report.

** From Chu, T.J. 22.215 (October 1976,

*** From Acres Consultants Limited, January 1977, Leachate And Vegetation Repart.

&k

Plant E (Fly Ash)




Theis, T.L. gg__l?1’42 studied the movement af trace metals in ground water

near an ash disposal facility and also investigated the sorptive characteristics
in ash-s0il environments. Their studies found that the sorptive capacity of soil
increases with pH and also that of the soils tested, the ranking for sorptive
capacity of metals was organic peat > bentonite > calcite sand > silica sand.

The quantity of metal ions adsorbed was found to be concentration dependent fol-
lowing Freundlich isotherms. The studies indicate that a control strategy to
reduce movement of metals in leachates ffom ash ponds is to line the pond with

a highly adsorptive soil material such as bentonite. In other studies by Theis,
T.L. gg_glﬁ3, it was found that the relative amount of calcium and amorphous iron
oxides on the surface of the ash defines whether the ash in solution will be
acidic or basic in solution. No such extractions have been performed on Hat Creek
coal fly ash or bottom ash, however, this should be considered to confirm that
the ash waters will be alkaline as the present water extract leachate test data
indicate. Theis, T.L. g;_glﬁ3 also found that, excepting arsenic and cadmium,
metals in aquecus fly ash solution follow a predictable pattern of decreasing
release with increasing pH. In the study by Theis, T.L. 33__1}1 on a fly ash
disposal site, it was found that trace metals were released to the ground water
at generally low levels. Metals were found to accumulate in the soils beneath
and around the pond. Precipitates of insoluble phases and adsorption of metals
onto higher levels of hydrous iron and manganese oxides were thought to be re-
sponsibie. Nickel was found to migrate without forming any precipitate or being
adsorbed. The soil surrounding the ash disposal site was a fine sand, having a
permeability of about 0.1 cm-s,”}

The strategies for controiling leachate percolation from the ash disposal site
are not dealt with in the project descriptions. Further, disposal of seepage
surfacing at the retaining embankments is not addressed. As indicated in Sec-
tion 4.1 (a) (ii) D, the existing information suggests that the Medicine Creek
Valley is overlain with Tow permeable ti11 (hydraulic conductivity of 10'8 m-s'l)
of variable thickness.' The bedrock below the ti11 is highly impermeable (hydraul-
ic conductivity of 10'10 m-s'l) mixture of 1imestone, altered sedimentary rocks,
volcanic rocks and sedimentary rocks. The present ground water flow, of which

90 percent is estimated to flow through the till, amounts to about 35 m3-d'1 per
kilometer along the creek. Alluvium is almost absent in the creek bed.
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The proposed ash disposal pond in Upper Medicine Creek would be about 3 km in
length and the projected seepage from the pond is 20 mq.d"l compared to the
existing ground water flow of 175 m3-d'1 from the total reach above the ash

pond embankment. This indicates a moderate dilution potential exists for any
contaminated percolation from the ash pond., There are no known ground water
users in the Upper Medicine Creek Valley. It would thus seem unnecessary from
a ground water quality viewpoint to require lining of the propesed ash pond to
further reduce seepage and percolation. It would, however, be prudent to install
a cutoff wall at the lTower embankment such that contaminated seepages are inter-
cepted before reaching aquifers in the Hat Creek Valley. Also, as is common
practice in the mining industry, it is assumed that a surface and sub-surface
seepage recovery system below the retaining embankments would be installed with
collected seepage returned to the ash system eliminating all discharges to the
environment outside the immediate ash disposal areas. Provided this is done,
the ground water quality of the remaining ground waters of the valley should not
be affected by the ash disposal operations in the Upper Medicine Creek Valley.

Ash disposal to the Harry Lake region in the alternate schemes (Alternate [ -
bottom ash sluiced to Harry Lake, fly ash sluiced to Upper Medicine Creek: Alter-
nate II - bottom ash and fl1y ash to dry disposal in Harry Lake site dumps} will
also generate leachates. Bottom ash is quite permeable (hydraulic conductivity
10'5 m-s'l) would drain quite rapidly and exist after disposal in an unsaturated
state. Fly ash having extremely low permeability (hydraulic conductivity 10'6
m-s'l) will effectively become a saturated dump after compaction. The geological
nature of the Harry Lake area is not well defined at this stage as test holes

have not been sunk in the alternate ash site of the Harry Lake region.

Disposal design strategies similar to those required in Upper Medicine Creek will
be necessary to prevent contamination of ground waters (suitable base preparation,
cutoff walls if necessary and seepage collection and return to the ash water
circuit).
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Ash Sluice Water Treatment Sludge

Several of the alternates for ash disposal require treatment of the recycled ash
pond supernatant to avoid scaling of the sluicing system pipelines. This treat-
ment would generate a calcium carbonate, magnesium hydroxide and calcium suiphate
type sludge which would be dewatered by mechanical means to 10 - 25 per cent
solids by weight.38 The sludge, calculated to be 45 - 68 tonnes per day (50 -

75 tons per day) based on a sludge flow of 1.6 - 2.3 1i5-1 at 3.5 percent
solids, would be disposed to a sludge storage pond. '

The size of the disposal area required over the Tife span of the power plant is
estimated at 2 - 4 ha and will contain 600,000 tonnes of dewatered sludge. Leach-
ate data is not available for this material, however, assuming adequate pond
1ining with impermeable materials and siting the disposal pond suitably above
local ground water, the operation should not impact on the ground water quality.
The nature of the sludge, being highly alkaline, would prevent dissolution of
most metal constituents in the sludge.

It is noted from the project descriptions that power plant boiler cleaning wastes
are also proposed for disposal into the ash sluice water treatment system. These
discharges are first neutralized in a holding pond prior to discharge to the ash
sluice water treatment system. These discharges although infrequent (every 3 to

5 years - 1135 m3 per 500 MW unit) usually contain high levels of ammonia, iron
and copper ranging from 80 - 300 mg/1, 30 - 4000 mg/1 and 0 - 131 mg/1 respective-
1y.44’45 The metals should precipitate in the sluice water treatment process

and be disposed with the sludge from this process.

FGD Sludge Disposal

The alternative to a Meteorological Control System (MCS} for controlling sulphur
dioxide levels is a Flue Gas Desulphurization (FGD) system whereby a portion of
the flue gas is treated in absorbers utilizing a Time or limestone process., The
sludge produced in the process results from chemical reaction between the reagent
and SO2 in the flue gas. The sludge would be converted to a solid waste material
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and transported to a storage area. The quantities of sTudge- involved are about

§ tonnes per hour per 500 MW unit or abaut 7.2 x 10 tonnes over the plant 1ife
from all units, if all were so equipped, Other than the sTudge for disposal,

all unit process wastewaters would be recycled thus eliminating any positive dis-
charge. The sludge would be mixed with dry fly ash and additional lime to condi-
tion the material.prior to disposal. The material reportedly can attain consider-
able strength after a week of éuring in the disposal site. If disposed of in a
dedicated landfill situation, an area of about 80 ha (200 acres) could eventually
be required. No specific site has beem studied or identified in the project de-
scr1pt1ons for evaTuat1on in this env1ronmentaT assessment. If FGD is chosen,

a separate env1ronmenta1 study would be requxred in the s{te selection phase to
examine 1mpact “on ground ‘water and surfhce waters. Leachates from this material
can contain extremely elevated levels of ca1c1um, sulfates, chlorides, and total
dissolved solids. 46 The quant1ty of’1eachates is dependant on the permeability
of the sTudge. Raw sTudge permeab111t1es have been reported by Rossoff, J. et
31.47 to be 1 x 107 -3 cmes -1 to 1 x 10 -3 1, whereas chem1ca11y fixed

sludges are reported1y lTess permeable by one order of magnitude. Rossoff also
reported no evidence of altered ground water’ qua11ty near test FGD disposal sites
where base soils had permeabi11t1es of 107 -8 CMe$ 1.‘ Schafish, R.J. et a148
reviewed the factors to be considered in selecting a FGD sludge disposal site.
Environmental factors outlined relate mainly to: ~avoidance of ground water inter-
actions; control of surface’ run=-0ff; bear1ng strength of eludge such that the
site can eventually be reclaimed, and dust control.

A brief review of FGD waste reuse has been conducted by others.33

o P1ant wastewaters

As indicated in the project descriptions the power plant would be designed and
operated in.a "no ‘liquid .discharge" mode utilizing a "cascading" water use
philosophy whereby wastewaters are reused where requirements on quality allow
recycle without disrupting the process thereby minimizing overall water use.
There appears to be no plant wastewaters other than those discussed in this
section that would interact with ground water in the area.




- v
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The potential for contamination of the environment due to accidental release
of P.C.B.'s from the plants effluent system is considered negligible. Regula-
tions proposed under the Environmental Contaminants Act will ban the purchase
of new equipment filled with P.C.B.'s as of 18 Qctober 1978,

Other Activities

Sanitary wastewater would be treated in a package extended aeration treatment
plant. Treated wastewater would then be reused in the ash handling system.
Haste sludge from the treatment plant would be disposed of with sludge from
the ash recirculation water treatment plant. Ho impacts on ground water quality
are foreseen due to the relatively small quantities involved.

An alternate to total coal storage at the mine mouth storage area is to proyide
a coal stockpile near the power plant of 7 to 30 days supply on a 10 ha (25
acre) site. Assuming base preparation of an impermeable material, percolation
of leachates to the substrata would be minimal. Leachates would surface as
seepaqge into the coal pile drainage system becoming part of surface water run-
off. The system of collecting surface runoff and conveying to a basin prior

to treatment with the ash recirculation water would avoid any interaction with
uncontaminated surface or ground waters in the plant site area. The quality

of coal pile seepage would be as discussed in Section 6.2 (b) (ii) A and 6.2

(b) (iii) A.

€. Offsites

Main Access Road

Winter maintenance of the main access road could involve using salting compounds
for ice control. This activity has some potential for ground water contamination
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yia percolation of contaminated snowme1t,%? Wherever shallow ground waters are
encountered during construction and within a reasonable distance from surface
creeks or streams, use of deicing compounds should be avoided.

Cooling Water Supply System

Operation of the cooling water supply pipeline and pump stations should not cause
any signmificant impact on ground water resources and its quality. Provisions
should be provided at each pump station for safe disposal of used Tubricating
1iquids, other waste materials and sanitary waste waters. Provided proven and
environmentally acceptable methods are utilized, there would be no significant
interaction with ground water, thus no impact on ground water quality.

Other Activities

The other activities include operation of the Hat Creek diversion, 60 kV trans-
mission lines, airport and off-loading facility (note: off-loading may only be a
"construction phase" activity). Significant interactions with the ground water
regime are not projected from these activities. There would of course be some
seepage loss from the diversion canal and reservoir into the ground. In general,
however, Hat Creek water is a higher quality water than ground waters of the area
and thus the impact from seepage could be rated beneficial although insignificant.

(iv) Decommissioning

A. Mine

Reclamation of The Mine And Dumps

Following completion of mining, reclamation of the remaining disturbed areas
would commence. As indicated by the project descriptions, this would include:
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mine pit; North Valley fi11 area after removal of infrastructure; stockpiles
(1ow grade coal; blending stockpile; and topsoil); and the intervening areas,
According to project descriptions, the Houth Creek and Medicine Creek dumps will
have been reclaimed by the end of the mine operation phase,

In the case of the pit,'reclamation would include recontouring pit slopes, top
dressing, covering of exposed coaly materials, revegetation and flooding of the
pit (over several years). The total reclaimed area as given in the descriptions
would be 570 ha {1426 acres).

The stockpile areas 340 ha (854 acres) would be reclaimed if necessary, by top
covering with soil. It cannot be predicted at this time whether any of the

coal or Tow grade coal stockpiles will remain after completion of mining. ATl
infrastructure would be dismantled and removed (conveyors, buildings, etc.) and
the 50 ha (124 acres) North Valley fill area reclaimed. Lagoons and drainage
control ditches will be maintained and not decommissioned. The intervening
area of 1050 ha (2615 acres) will also be reclaimed as will the 25 ha (51 acres)
of roads and conveyor right of ways.

The exact strategy of revegetation has not been developed at this time. It is
likely, however, that fertilization will be necessary and in addition irrigation
may be required £o expedite the process.

The total area to be reclaimed in the decommissioning phase is 2035 ha (5090
acres) related to the mining project. The reclamation will have a beneficial
impact on ground water quality in that any leaching by precipitation of soluble
constituents from the waste material, pit slopes, dumps and stockpiles will be
lessened. Cover material will also prevent further oxidation and weathering of
waste materials. The application of fertilizers during revegetation will in-
crease the nutrient level in the surficial ground water. As discussed in Sec-
tion 6.2 (b) (iv), the major interaction will ultimately be with surface water
since the surficial ground waters eventually appear as seepage to the surface
water regime in the valley bottom.
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Flooding of the pit is not expected to cause any significant ground water quality

impairment because ground waters will be emanating into the pit lake over the major-

ity of the pit rather than out from the lake as dictated by the water table gov-
erned ground water flow patterns that will still prevail in the area after mining
ceases. There will be a recharge into the valley alluvium and buried bedrock
channel aquifers of 500-700 m3-d'1; The quality of the water in the channel
aquifer is presently unknown and the quality of the lake water requires further

study. The impact of this recharge is thus indeterminant at this stage.

B. Plant

Reclamation of the Disposal Areas

Project descriptions available provide little detail on reclamation plans for
the plant site, ash disposal areas or waste sludge disposal areas. In the case
of the ash disposal pond in Upper Medicine Creek (434 ha; 1085 acres), reclama-

 tion would not be able to proceed until the area had dried out and attained

sufficient bearing capacity to allow machines to operate. Based on net evapora-
tion {300 mm per year) and the volume of water above the ash (6.8 x 105 m3) this
interval could Tast about five years or more. Descriptions indicate a top cover
of 300 mm (1 ft) of topsoil would be placed followed by revegetation. It is

not known whether this quantity of topsoil 1s available (50,000 m3 or 1.75 x 106
cu yd). As in the case of mine reclamation, it is possible that any suitable

"soil-forming" materials may be required to be used which would tend to prolong
the reclamation duration,

Reclamation will have a beneficial impact on ground water quality in that the
quantity of precipitation percolating through the ash pond will be reduced in
the long term. Because of the permeability of fly ash, however, many years
would pass before leachates and seepages will cease to emanate from the ash

pond even after reclamation. Fertilization and possibly irrigation would be
activities of the revegetation program in order to expedite the process. As in-
dicated in other sections of the report, some residual nutrients inevitably
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migrate into the surficial ground water system and then eventually into the sur-
face water regime., The impact of this activity is discussed more fully in
Section 6.2 (b). '

Reclamation of the alternative dry ash disposal system dumps would proceed through-
out the "operation" phase and would be almost fully completed by the plant decommis-
sioning stage. The fly ash dump would continue to produce seepage after reclamation
however, because the permeability of the ash dictates a very slow desaturation
process. Bottom ash on the other hand would become an unsaturated dump in relative-
ly short periods of time and once topped and revegetated should effectively be-

come "inactive" relative to inner drainage.

The effect on ground water of a future resource recovery operation (ash utiliza-
tion) from the reclaimed ash disposal areas is not addressed in this report. De-
commissioning of the power plant and related infrastructure (conveyors, buildings,
cooling towers, switchyard, etc.) would not be expected to cause any significant
impact on ground water quality. It is presumed, although not stated in the pro-
ject descriptions that the main water supply vreservoir would remain intact. Its
potential value for water supply purposes is discussed in Section 6.3.

€. Offsites

There are no significant ground water quality impacts visualized from decommis-
sioning of the Hat Creek diversion, power plant water supply system, or 60 kV

transmission lines. It is assumed that the main access road and airport would
remain intact.

{v) Overall Impact Assessment

A. Preliminary Site Development

Activities undertaken in the preliminary site development stage such as the Bulk
Sampie Program, exploratory drilling, and environmental sampling and surveying
have not had, nor is it anticipated that they will have, any significant effect
on the ground water quality of the area,
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B, Construction

Activities occurring during the construction phase of the project should not pro-
duce any significant environmental impact on the ground water provided that pro-
posed and recommended procedures and design methods are followed. This is parti-
cularly crifical for sewage treatment and ippermeable storage lagoon facilities.

C. Operation

Mine water removed from the pit during operation will be pumped into a {reatment
Tagoon and will not have any effect on ground water quality. In the overburden
dumps, because of the provision of drain systems, the majority of leachates from
these dumps will not reach the ground water system and, thus, will have minor
effects on ground water quality. 1In the coal stockpile and low grade waste
dump, given that the bases of these are made from well compacted impermeable
material and that drainage systems in the form of ditching are provided, then
insignificant amounts of the runoff or leachates produced will reach the ground
water; hence there will be no impact on the ground water from these areas. Re-
clamation work undertaken during the operating period of the mine will require
the use of fertilizers. It is anticipated, however, that any nutrient losses
that enter the ground water system will surface at seepage drains and enter the
surface water system. Sewage and refuse disposal for the mine is projected as
having an insignificant impact on the ground water, Other activities associated
with the mine are not expected to present any impact on ground water quality.

In the operation of the plant, the only possible source of impact on the ground
water system would be leachate from the ash disposal site. The amount and extent
of the impact will be dependent upon the particular option selected for fly ash
disposal; but in any case, the impact should be minimal provided that suitable
control actions are taken {suitable base preparation, cutoff walls, and seepage
collection and return). Because the plart {s designed and will be operated in

a "no liquid discharge" mode there will be no other plant wastewater to have an
effect on the ground water. Sanitary wastewater will be treated by extended
aeration with the treated wastewater being used in the ash handling system and
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the sludge being disposed of with sludge from the ash recirculation water treat-
ment plant. Thus there will be no impact on the ground water from this source.
If a coal stockpile is located near the plant, proper preparation of the base
will ensure that leachates do not enter the ground water system.

During the operation of the project, the only offsite activity which could have
an impact on the ground water would be the use of salts for ice control during

winter maintenance of the main access road. To minimize this effect, wherever

surficial aquifers are encountered during construction and within a reasonable

distance from creeks or streams, deicing compounds should not be used.

D. Decommissioning

During the decommissioning phase of the project, the main activities that will

be taking place wiil be reclamation of the mine and plant sites. The only im-
pact this will have on the ground water will be the small, and beneficial one,

of reducing any slight input of leachates to the ground water of the valley, which
may have been occurring during the operating phase. Flooding of the pit will
cause a recharge to the valley alluvium and buried bedrock channel aquifer on

the north end of the pit. Since the water quality of the buried aquifer is
unknown and the eventual lake water requires further study, the impact of this
activity on ground water quality is indeterminant at this stage. The decommis-

sioning of the offsite facilities will not have any impact on the ground water
regime in the valley.
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(b) Surface Water
(i) Preliminary Site Development

A, Mine

The only activities which had potential for interacting with the quality of
surface water in this phase of the proposed development were the Bulk Sample
Program, exploratory drilling, and access road construction. Surface water
quality was monitored by BEAK and B.C. Hydro throughout this phase as indicated
in the Inventory Sections 4.2. The surface disturbance from the Bulk Sample
Program consisted of two trench areas comprising an estimated total area of 4
ha (10 acres). A further 8 ha (20 acres) was utilized for overburden disposal
and coal stockpiles and reclamation test plots in various areas of the valley.
Monitoring of the events by B.C. Hyd'ro5 indicated no project related alterations
to Hat Creek water quality to date. Dusting was apparently only a local opera-
tional problem and no leachates have been observed from the storage piles. Fur-
ther monitoring is proposed during the revegetation trials of the waste piles.
Ground water entering Trench B near Hat Creek was pumped to Ory Lake area with-
out influencing Hat Creek water quality.

Review of the water quality data available to BEAK indicates elevated levels of
total organic carbon (20 mg/1 at Bulk Sample Station 3) in comparison with annual
mean values (8 mg/1 at BEAK Station 7) for this parameter. This was the case
for stations above and below the trench areas which would indicate a natural
phenomenon that occurs during a Tow spring run-off year and is not detected in
the annual means based on other available analytical data.

Construction of access roads to the trench areas, drill camp and information
trailer for example, causes surface disturbance subject to future erosion by
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precipitation and spring run-off, Exploratory drilling 1ikewise causes very
localized small area disturbances to the existing vegetation cover which then
becomes subject to erosion, The probable sediment yieid increases in Hat Creek
due to preliminary site development activities are not predictable quantitatively
and are not detectable in inventory monitoring water quality data. However, the
period of monitoring has been during a relatively dry period and may be non-re-
flective of conditions during a normal or above normal precipitation and run-off
year. Considering the small size of the disturbances created in the preliminary
site development, should the project not proceed, reclamation would be guite
straight forward and no Tong-term impacts are visualized. AT11 sewage from the
drill camp has been contained by utilizing septic tanks with no discharge to

any surface water course,

B, Plant and Offsites

There are no activities associated with Preliminary Site Development of the
power plant and offsites that have caused long-teym impacts on surface water
quality. Exploratory drilling undertaken to establish foundation conditions
at the proposed locations for power plant facilities, ash disposal, reservoir
embankments and for subsoil data along the proposed Hat Creek diversion route
have caused only minor localized disturbances which could be reclaimed should
the project not proceed. MNo long-term impacts on surface water quality are
projected. Dusting from added traffic on Hat Creek Valley roads and upper
trails probably caused a certain amount of fine sediment to enter the creeks
directly and through precipitation washout. The impact to this stage is con-
siderad minor to insignificant.




(ii) Construction

A. Mine

Pit and Dump Area Activities

The primary activities which will cause interactions with surface water during
the construction phase of the mine, will be operations which disturb the land-
scape by removing or destroying existing vegetation cover and exposing areas
which then become subject to erosion by the elements. Similarly materials
removed and stock piled create additional disturbed areas, These operations
include clearing and stripping, excavation, construction of drainage ditching,
embankment construction, surficials and claystone removal, hauling and disposal.

Sediment yield from construction activities is difficult to estimate and governed
by many variables. These include character of the material, slope, climate,
amount and intensity of precipitation. Sediment yield to surface runoff is also
increased via fugitive dust fallout and eventual washout by precipitation and
spring snowmalt.36 Since the areal disturbance in the Hat Creek Valley during the
construction phase is only a small fraction of that which will exist throughout
the mine 1ife, predictions on sediment yield are made in Section 6.2 (b) (v)
based on the juncture of maximum disturbance subject to runoff erosion.

Other pit area activities which have potential for impact on water quality include
blasting and dewatering. The potential for causing increases in the nutrient
(nitrogen) level of Hat Creek via blasting residuals contained in the mine water
is discussed in more detail in Section 6.2 {b) (iii) A.

According to the project descriptions considerable dewatering will occur in the
construction phase. The quantity involved, as estimated in the mine description,
is 12 1.5t (200 USGPM) from the dewatering wells and pit proper plus 9 st
(150 USGPM) at times from precipitation falling within the pit. Disposal would
be by pumping to a treatment lagoon (designated Lagoon #1) and ultimate discharge
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to Hat Creek. The quality of the water is difficult to estimate as only a few
analyses have been conducted of ground waters in the pit area. These analyses
are for Well RH 76-19 and Bucket Auger Hole #7 (Tables C1-16 and C1-17

of Appendix C). It is considered the best available estimate of the probable
quality of the water to be disposed from the pit area dewatering activities.
The suspended sediment (Nonfiltrable Residue} could be high and the chemical
characteristics would 1ikely be diluted whenever precipitation water made up a
significant portion of the total,

This water, after passing through a settling pond, should be of acceptable quality

for discharge to Hat Creek although it would be quite saline (TDS 1200 - 1600 mg/7)

and contain some color (20 Pt-Co units). This water may also contain some bio-
degradable materials (BOD; of Coal Seam Water was 7 mg/1); however, Hat Creek
should provide a satisfactory dilution (5-10:1) even at low flow. This source
would add about 10 kg per day (25 1b per day) of BOD5 which would be about 10
percent of the total future assimilative capacity of Hat Creek at low flow,
This water may also contain elevated levels of ammonia from blasting residuals.
Comparison of Coal Seam ground water indicates all parameters to be within reg-
ulatory guidelines for discharge excepting sulphate (260 mg/1 versus guideline
for Level A of 50 mg/1). '

Lake dewatering proposed includes draining Finney and Aleece Lakes. The impact
of this activity regarding water quality could result from highly enriched water
drained from the bottom of these lakes into Hat Creek. Timing of these dewater-
ings would appear to be the critical factor. Draining during a period such as
spring would allow considerable dilution potential in Hat Creek. Otherwise,

it may be desirable to allow evaporation of the last portions of water from the
lakes, It is not possible to predict the exact quality to be expected based on
existing data. It is known only that the dissolved oxygen level in Finney Lake
near the bottom {1.0 mg/1: Figure 4-47) is indicative of an enriched environment
at this level,
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Coal Stockpile

The proposed coal stockpile near the mine mouth is estimated to contain approx-
imately 1.0 x 106 tonnes (1.1 x 106 tons) of coarse uncrushed coal on a site
covering approximately 8 ha (20 acres). The quantity of runoff and leachates
{which eventually become surface drainage from coal piles located on impermeable ~
base material) depgnds on the amount of precipitation which falls onto the pile,
This precipitation is then divided‘into runoff and infiltration into the pile.

The literature indicates that the runoff and leachate coliection and treatment
systems are commonly designed on the basis of a certa1n storm prec1p1tat1on rang-
ing from the ten year 1 hour ra1nfa11 to the twenty- five year 15 day rainfall. 50,51,52
In the. case of Hat Creek if a reasonab1e design storm ba515 of ten year 24 hour
storm (35 mm) ds ut111zed and assuming 80 percent, dlrect runoff, the quantity

of wastewater to,be handled from.a 8 ha (20 acre) coa1 p1le wou1d be 2300 m3
(600,000 USG). If this quantity is equa11zed and d1stributed over a one day
period,.the,djscharge flow wow]d.pe.0.03h@3-s -1 (420 USGPM)

Under normal conditions, however, it -is likely that runoff and leachates would be
non-existent as the.average.shortwduration rainfall would Tikely be totally in-
filtrated into the coal pile and would subsequently evaporate. It is however,
necessary that the treatment system be designed to handle extreme cases such as
indicated abave.. The runoff from the coal pile will be collected in ditches

and directed to the "nearest lagoon" according to the project description,

In order to assess the impact of the discharged wastewater, the.duaTity of the
effiuent must be examined. - Leachates tests conducted by others were examined

as well as evidence presented in the available literature; leachates are con-

sidered the worst case for runoff water qualities.

The coal to be stockpiled during the construction phase will be from Zone A
primarily. According to information- given in the various project documentation

this coal would contain approximaté]y 0.60 percent Total Sulphur on a dry basis.
Assuming approximately 30 percent of the sulphur 1{s present as pyrite53, the total
pyrite sulphur available for potential acid production is 0.18 percent. Based on the

6 - 83



following equationsé the aci& pdtentﬁal'Can be predicted in terms of acidity

_expressed.as Ca£03:‘.

FeS2 + 3 750 + 3. SHZ = Fe(OH)3 + 2H2504

The calcu]ated value of potential ac1d1ty is 5600 mg/kg of coaT expressed as
Caco3...The Ieachatertests,conducted by others,  as shown in Tables 6-15,16,17,18
indicates a total extractable alkalinity (as CaCO3) of 1850 mg/kg. The Rate of
Release leachate tests conducted on-the Coal A indicate a cumulative extracted
alka11n1ty of 1263 mg/kg. This comparison 1nd1cates a fairTy nhigh potential

for ac1d generatvcn dn .the-coal piie and the poss1b11ity of high leveis of
heavy metaT and unde51rab1e d1sso1ved'ions. Gther evidence exists which indi-
cates: further detax]ed study is necessary on.this subaect. The leachate tests
conducted to date were not desxgned to assess ‘acid generation potential in that
they were tests on unweathered material and of—too short a duration to allow
acid produc1ng bacteria to develop. Work on Hat Creek coal by others 41nd1cated
surface. coaT samples reduced the pH of distilled water to values of 3.7 - 4.5
while core samples of Hat Creek coal did not change the pH to acidic conditions.

There are basically four types of pyrite occurring in coal strata; these are in
turn related to the pailec environment of the host strata. S Fine grained pyrite
{< 10 microns) occurs either as crystals where pyramid like forms can be discerned
or as spherical clusters of 0.5 micron particles called framboidal pyrite. The
former, although averaging about 2 microns or less, is stable whereas the latter,
the framboidal type is extremely reactive, readily oxidized, and accounts for

the high degree of acidity found in mine drainages. Coarse grained pyrite (>50
microns) occurs as ‘joint coatings, plant tissue replacements and layers, within
sections. These types of pyrites are relatively stable, i.e., they do not readily
oxidize, and the s1ight amount of acidity they produce can be readily neutralized
by the a1ka11n1ty available in the ground-water regime. The presence of trace
amounts of titanium may act as a negat1ve catalyst while trace amounts of silver
may act as a positive catalyst.

Western coals are not normally known for acid problems because of law sulphur and

that drainage is usually alkaline. 52,56,57 However, this depends on the neutraliza-
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TABLE 6-15
TOTAL EXTRACTABLE SALTS TEST RESULTS*
COALS A, B & C (LOW, MEDIUM AND HIGH HEATING VALUE)
Parameter Coal A Coal B Coal C
: {Low HY] Medium HV) (High HY)
pH 7.1 7.0 7.4
Suspended Solids 2010 640 1000
Total Filterable Residue 2940 3500 3700
Alkalinity as CaCOj 1850 1750 1080
Chloride -Cl 220 200 80
Fluoride -F 1.2 1.4 < 0.4
Nitrate-Nitrogen -N 24 21 2
Nitrite-Nitrogen -N 6 < 0.4 < 0.4
Total Kjeldahl Nitrogen -N 9 13 21
Biochemical Oxygen Demand (5-day) 1400 1250 1520
Chemical Oxygen Demand 1840 1840 2940
Ortho-Phosphate - Phosphorus -p 3.0 3.0 3.6
Sulphur =S 86 160 420
Aluminum -A] 10 20 12
Arsenic -As 0.6 0.4 0.8
Boron -B 1.0 1.0 1.0
Cadmium -Cd < 0.08 < 0.08 < 0.08
Calcium, Hard as CaCO, ' 80 30 60
Chromium -Cr 1.0 < <1
Copper -Cu 7.0 5.0 6.5
Iron -Fe 40 30 32
Lead -Pb <3 <3 <3
Lithium -t 0.3 0.3 0.6
Magnesium, Hard as CaC0j 80 86 100
Mercury ~Hg 0.004 0.006 0.008
Selenium -Se 0.6 0.6 0.6
Sodium -Na ga0 975 920
Strontium -Sr < 4 < 4 < 4
Vanadium, -V 0.2 0.2 0.2
Zinc -In 8.4 7.2 15.0

Data from Acres Consulting Services Ltd.

* Except for pH, all units are mg/kg, indicating milligrams extracted

per kilogram of dry solids.




TAGLE 6-16

RATE QF RELEASE TEST RESULYS™
COAL A {LOV CTW)

Heaq

Parameter Individual Extract Cumulative Extract
Day Oay Qay Oay Bay Day Day Day Day Dy
3 2 k| .4 5 1 2 i 4 ]
Yoluma of Extract - al V28 5 92 200 300 128 0 49§ 695 995
BH 6.95 1.5] 1.65 7.36 1.45
Suspended Solids - 19/l 269 a4 M 55 54 69 149 135 n2 96
Total Filterable Residue - mg/1 2560 520 3l 190 150 2560 1202 10316 79} 593
Specific Conductance ~ umho/cm 1900 410 {1 156 115
Atkalinity as (IaCO3 - mg/kq 606 367 6 107 120 606 913 1036 1143 1263
Chlorida - mo/ka &1 &S & ? 2 83 1i8 ifa 13 133
Fluoride - mg/kg 0.04 - - - - 0.04 - - - -
litrate-Nitrogen - n9/kg 6.0 1.3 1.2 2.7 1.0 . 6.0 13.3 4.5 17.2 18.2
Ortto-Paosphate - Phosphorus - mg/kg g.26 0.55 0.12 0.27 0.40 0.26 0.81 0.93 1,20 1.60
Sulphur - vg/ag 12.5 20.7 3 3.6 A.0 12.6 33.2 kY| 40.7 a7
Arsgaic - mgrkg 0.03 - - - - T0.03 - - - -
Barcen ~ mg/kg 0.26 - - - - '0.26 - - - -
Cacritun - mg/kq < 0.002 - - - - ¢ 0.002 - ‘ - - --
Calcium, Hard as CACUJ - m)/kg 9.1 15.9 0.4 . 1.3 1.0 9.1 25.0 5.8 Tt 8.1
Chroaiun - wg/kg .21 0.0¢| o0.03 0.0% 0.06 0.2 0.29 0.32 0.37 0.43
Copper - xg/kg 2.05 0.27 0.15 0.%7 0.26 2.05 2.3 2.47 2.64 2.9
Iron - 5/kg 2.8 2.5 0.8 1.2 1.5 2.8 5.3 6.1 7.3 8.8
Lead - 19/kg n.02 - - - - 0.02 - - - -
fagnesium, Ward as l:a(:l)3 - mg/hg 14.5 16.8 38 5.6 10.8 4.5 na 35. 40.7 51.5
Farcury : - mg/ke 0.002 - - - - 0.002 - - - -
Sadium - mj/eg )1} 213 36 48 50 3u 527 563 N 661
Yenadium «= mQl kg < .01 - - - - < 0.01 . - - -
linc - 6g/ikg 0.8 0.01 0.0t 0.01 0.00 0.8 0.19 0.20 6.21 0,22
Adiitional Datat Indiyidual Extract
Day Day Day .
I 8
Yolume of Extract - ml 0 | 230 299 Height of Sample: 1509
] ’ 7.0 1.3 7.2 Particle Sizes 2 o x 0.6 mo
Suspended Solids = mgfl 43 49 R | Packed Columa Lengtht 20 ca
Specific Conductance = urhofcm 13 .15 76 Water Required for Saturation: BO.mI
' Avcrage Jemperaturc: 2c

Data from Acres Consulting Services Ltd.

® Except where noted, results are expressed in units of mg/kg, indicating milligrams extracted per kilogram of dry solids, Individual results
are shown for extracts collected after successive 24-hour poriods and cupwlatlve figures are calculated from {ndividual resulits. A dash {-}
indicates that the parameter wis not anmlysed. : .
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- TABLE 6~17
RATE OF RELEASE TEST RESULTS*
COAL B (tEDIUM BTU)
Parameter Iadividual Extract Cumulative Extract
Day Day Day Day - Day Day Day Day Day Pay
i ] 3 4 5 1 2 k] 4 H

Volure of Extract - af b1] 17 00 410 C 254 9 231 53 L1]) 1195
" {ég T ":g "2 % w] m 65 52
Suspended Solids ‘ - 1 : 3
;otni Filtarable Restdue - :351 ?;gg iggg g;g ??; %g; 2235 12 1038 715 624
gecific Conductance = pzhofca o
Mialinicy as CaCO - .g[k; 338 J20 420 246 119 330 §58 1078 1324 144)
Chloride 3 - wg/kg kL] 9 6 6 3 3 a2 58 64 62
Fluoride - 5g/kg 0.06 - - - - 0.06 - - - -
Orthe-Troshate” s - /N ois] o] oo 05| - o o | odr| ow | 1a 15
Ortho-Fhosphate - sphorus - ki . . . . M . . . . .
Sulphur Phate - Fhaspharus - ::513 B3l val na 6.3 a4 a3l aal wal 4.8
Arsenic - ng/kg 0.01 |- -1 - - - 0.01 - - - -
Soron - ®g/kg .19 - - - - 0.19 - - - -
o T ek A Y IR 1.4 sa | %3] sl owa| s 51.8
Chrocian 7O 43 %0y Cxanke 0.5 | o.21| o0s| oés| 05! o0os| a6l ol o | o
Copper - ng/%g 2.19 0.01 0.02 6.02 0.00 2.19 .20 2.22 2.4 2.5
Iron - m3/ky 0.6 0.4 0.8 0.7 0.3 0.6 1.0 V.8 2.5 2.8
Lead - my/kg < 0.02 - - - - < 0.02 - . - -
Fagnesium, Hard 3s ClCO, - wg/ky 0‘563 19.7 19.0 8.7 3.6 0‘:)63 . n.2 0.2 4.9 51.5
Sodhas oty | ] ne ol | w| ss| e 16
Vanadiua ~ mg/ky < 0,01 - - - - < 0.01 - - - -
line - m/kg 0.08 0.02 0.02 0.0 6.0 0.08 . 0.10 0.12 0.15 0.15

Adgitiondl Datas Individua) Extract

Ouy by Day
8 g -5

Yolume of Extract - ml 197 1725 160 Weight of Sample: 150

o 2.05 7.0 7.2 Particle Sze: T x 0.6 m
Suspended Solids - mgfl 8.3 0.0 0.0 Packed Calumn Length: 20 ¢m
Specific Conductance - pmho/ca 135 105 75 Water Required for Saturation: 00 ml

Average Temperature:

@2 C

Data from Acres Consulting Services Ltd

% Except where noted, results are expreised in units o
are shown for extracts collected after successive 24-hour perfods and curwlat

indicates that the parameter was not analysed.

f mgfk'g. indicating mill‘l«irams extracted per kilogram of dry solids.

Individual results
ve figures are calculated from tndividual results. A dash (-}




i | i 2 | i & i 1 i ] ]
] ] | i i | ! ] $ i J i '
TABLF 6-18
RATE OF RELEASE TEST RESULTS*
COAL € {HIGH DTV)
Parasiter Individual Extract Cunuletive Extract

Bay Day Day Day . Day by Day Day Day Doy

] H 3 4 5 1 2 3 L] H
Yolume of Extract - ml 155 - 218 05 500 5¢0 165 183 688 1188 1688
ph 5.0 6.25 6.8 4.35 6.7
Suspended Solids - g/l %) 36 12 2 1 % 129 17 46 32
Total Filterable Residua - mg/) 1658 853 287 92 a0 1658 1208 195 499 a7
$pecific Conductanca ~ jmhofom e 530 180 " [1]
Alkalinity as ClCOJ - mg/kg 257 320 189 100 67 97 617 806 906 97
Chloride - ®g/kg 44 9 a H 7 “ 53 1] ] 15
Fluoride - mg/kg 9.22 - - - - 0.22 - - - -
Nitrate-Kitrogen - mgfkg 0.3 0.3 0.2 0.1 0.3 0.1 0.6 0.8 1.1 1.4
Ortho-Prosphate - Phosphorus - mg/kg 0.11 0.15 0.21 0.3} 0.33 0.1 0.26 0.4 0.80 1.13
Sulphur - mglkg 4.9 9.2 10.5 13 13.2 4.9 66.1 J6.8 8.9 103.2
Arzenic - mg/kg 0.4 . - - - 0.04 - - - -
Boron - pg/kg 0.11 - - - - 0.1 - - - -
Cadatun -~ ®9/kg [« 0.0022 - - - « L 0.0022 - - - -
Calclun, Hard a3 Caco, - kg/kg 15.1 1.1 5.3 15.0 12.3 15.1 2.4 .7 42.7 55.0
Chromiun - wg/kg Q.06 0.0 0,03 0.08 0.04 0.06 0.0% 0.12 0.V 0.2)
Coppar - ma/ky 2.09] 0.4 0.0 0.0 0.03 2,09 2.11 2.16 2.19 2.22
Iron - mg/%g 1.1 1.4 .9 0.7 0.3 1.1 2.8 14 4.1 4.4
Lead - wg/kg < 0.022 - - - - <« 0,022 - - - -
thgnestum, Mard as Caco, - og/kg . a9 13.2 2.2 7.3 10.3 1.9 /I 59.3 76.6 86.9
Farcury - Pg3/kg 9.002 - - - - 0.002 - - - -
Sodiua - 5/%g Wl 148 86 53 z 0 339 25 %8 505
Vanadiua - mg/kg < 0.0 - - - - < 0,015 - - -
Linc - mg/kg 9. 9.0 0.09 0.07 0.07 0.01 0.04 0.13 0.20 0.27
MJitional Data: Individeal Extract

Day Day Doy

R o
Volume of Extract - nl 195 500 255 Weight of Sample: 150 g
pH 6.7 6.95 .6.95 Particle Size: 2 x 0.6 m
Suspendsd Solids - mg/1 0.0 0.0 0.0 Packed Coluan Length: 20 ca
Specific lonductance - puho/co 51 64 66 Hater Required for Saturation: %o ml

Average Temperature: 2* C

Data from Acres Consulting Services Ltd.

* Except where noted, results are expressed in units of mg/kg, indicating wittigrams extracted per kilogram of dry solids, Individua) rosudts
are shoun for cxtracts callected after syccessive 24-hour purfods and cumulative figures are caleulated from {ndividual results. A dash {-)
indicates that the paramcter was not analysed,




tion poténtial. ﬁhe length of storage, and potential estahiishment of acid pro-
ducing bacteria.

Given the previous information, it is not possible to state with any certainty
whether drainage from the coal pile will be acidic or alkaline in nature except
ta say that evidence appears to support the possibility that weathered coal does
have potential for acid generation. Table 6-19 lists the probable range of raw
wastewater quality for both alkaline and acid drainage from surface coal mining
operations. Estimates of the leachate quality from the Rate of Release Tesis

at the Towest pore volume detention time tested, simulating the probable worst
wastewater quality from the coal pile during the "flush phenomena" effect of a
quite prolonged rainstorm, assuming acid conditions do not develop, are shown

in Table 6-20.

Comparison of the coal pile drainage quality figures with Ministry of the Environ-
ment Guideliness8 Table 6-21, considering the proposed treatment of discharging
through a lagoon, indicate the following:

1. If the wastewater is similar to that projected from the Rate of
Release tests, the following components of the effluent would be
above levels allowed for fresh-water discharges -

Chromium
Copper
[ron
Mercury*

2. If the wastewater is comparable to the average from alkaline mine

operations in the USA (Table 6-19), the following constituents
would be above acceptable levels.

Iron
Manganese
Ammonia
Sulfata™

3. If the wastewater {s comparable to average acidic type drainage, the

effluent would not meet any of the required objectives and will require
extensive treatment,

The suspended solids level in the raw coal pile drainage could range from 0-7Q0
mg/1 and would be substantially reduced by plain sedimentation in a lagoon. It
is unlikely, however that the required level of 50 mg/1 would be met at all

*Guidelines are subject to review, See Table 6-21,

6 - 8



TABLE 6-19
RAW MINE DRAINAGE CHARACTECRISTICS - SURFACE MINES
ALKALINE
Parameter Minimum Maximum Mean Std. Dev,
(mg/T} (mg/T) {mg/T)
pH (units) 6.2 8.2 7.7
Alkalinity 30 860 313 183
Total Iron . 0.02 Lo 6.70 0.78 1.87
Dissolved Iron 0.01 . 2.7 0.15 0.52
Manganese - 0.01 6.8 0.61 1.40
Aluminum 0.10 0.85 0.20 0.22
Zinc 0.01 \ 0.59 0.14 0.16
Nickel 0.01 - 0.18 0.02 0.04
TDS 152 . 8,358 2,867 . 2,057
TSS 1 684 96 215
Hardness 76 2,500 1,290 857
Sulphate 42 3,700 1,297 1,136
Ammoni a 0.04 36 4.19 6.88
RAW MINE DRAINAGE CHARACTERISTICS - SURFACE MINES
ACID OR FERRUGINGUS
Parameter M1 nimum Max imum Mean Std. Dev.
pH (units) 2.6 7.7 3.6
Alkalinity 0 184 5 32
Total Iron 0.08 430 52.01 101
Dissolved Iron - 0.01 440 50.1 102.4
Manganese 0.29 127 45,11 42.28
Aluminum 0.10 2N 71.2 79.34
Zinc 0.06 7.7 1.71 1.71
Nickel 0.01 5 0.71 1.05
TOS 120 8,870 4,060 3,060
TSS 4 15,878 549 2,713
Hardness _ 24 5,400 1,944 1,380
Sulphate 22 ' 3,860 1,842 1,290
Ammonia 0.53 ‘ 22 6.48 4.70

From EPA, May, 1976. Development Document For Interim Final Effluent Limitations
Guidelines And Mew Source Performance Standards For Coal Mining.
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- TABLE 6-20
-
- COAL LEACHATE CHARACTERISTICS
-
Sample: COAL A COAL B COAL ¢
Parameters (mg/1}
- pH (units) 6.95 . 7.2 5.0
Filterable Residue (105°C) 2560 2735 1658
- BOD,, 1219 977 681
Alkalinity (as CaCOB) 710 540 270
- Chloride 74 52 40
- Fluoride 0.05 0.1 0.2
Nitrate - N 7.0 5.3 0.3
- O-phos. - P 0.3 0.2 0.1
Sulphur 14.65 21.3 42.6
- Arsenic 0.03 0.02 0.04
Boron 0.3 0.3 0.1
- Cadmi um <0.002 <0.002 <0.002
- Calcium (as CaC0,) 10.7 24,2 13.7
- Chromium 0.25 0.075 0.05
- Copper 2.4 3.5 1.9
{ron 3.3 0.9 1.0
- Lead <0.02 <0.02 <0.02
Magnesium {as CaC03) 17.0 18.3 17.2
- - Mercury 0.002 0.005 0.002
Sodium 368.2 286 174
- Vanadium <0,01 <(}.01 <0.01
- Zinc 0.213 0.125 0.125
- *At Tow pore volume displacement (See Table 6-8 for example calculation).
* i""Est'irnated by BEAK utilizing BOD of Total Extractable Tests and multiplying
bl by ratio of Filterable Residue extracted in 24 hours to Total Extractable
Filterabie Residue.
-
From Acres Consulting Services Limited. March 1977. Leachate Data.
- . _
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TABLE 6-21
Objectives for Effluent Discharges
) Descrlod J{Jnh of ; Fresh-water Discharge 7
racteristics scriptico Measure- |
Charscterisic ? ment © Level A Level B LevelC
1
Total suspended sollds (non-| That portion of the cMuent, as dischorged my/l 0 1501 [O)]
fillcrable realduc) which is retained by an approved filter
Towal  dissolved solids  (filer-| That poriiva of ke clflucnt as  dlscharged mg/l < 2,500 <3,500 <5000
able residue) which passcs through an epproved 0.45-
micron pore-sized filter
Colour? Colour of the ciilucnt, at the polat of discharge | Approved | . e . | crieee | o cm—e
unlits
pi? The pH of tha efluent ot the polnt of dischargs pH §.5-8.54 $.5-5.5 $.5-10
units
Specific  ¢lements  and  com-} Material contalned in the e¢Mucnt, at the polat| ... ..
poundsl of discharge, which passes an approved 0.43-
microna poresized filter {cxcept where total
values are required)
Alominum (Al Dissolved in the ¢fMucnt mg/l 0.50 1.00 10.00
Ammonia (as N) Dissolved in the ¢llluent mg/l 0.504 1.00 10.00
Antimony (5b) Dissolved in the chluent mg/d 0.05 0.2% 1.00
Afnnic (Af) Dissolved in the eflluent mg/l 0,05 0.5 1.00
Cadmium (Cd) ¥ Dissolved I the eflluent mg/l 0008 0.0t 0.01
Chroumium {Cr) Diisolved in the efffuent mg/1 0.03 0.3 0.50
Cobalt (Co) Dissolved in the eflluent mg/l Q.10 0.50 £.00
Copper (Cu) Dissolved in the efMuent mg/l 0.05 0.30 1.06
Cyaunide (CN) Total cyanide In the eMuent mg/l 0.10 0.50 2.00
Fluotide (F) Dissolved o the ciluent mg/d 2.50 . 3.00 13.00
Tron (Fc) Dissolved im the eMlucnt mg/l 0.30 1,00 5.00
Lend (Pb) Dissoived in the eMuent mg/l 0.08 0.10 0.50
Mangancse (Ma) Dissolved In the efluent mg/t 0.05 0.50 1.5
Magnesium (Mg) Dissolved in the eifluent mg/l 150 300 500
Mercury {1ig) Total in the ellivent mg/sl 00014 0.003 0.01
Molybdenuin (Mo) Divsolved lo the ¢fMuent mg/l 0.504 1.00 10.00
Nickel (Ni) Dissolved in the efMuent mg/l 0.30 0.50 1.00
Miltsates/MNitrites (ns N) Dissolved In Lhe eflucnt mg/1 10,00 25.00 50.00
Phosphate {2s P) Total {n the efflucut mp/l .00 3.00 10.00
Sclenium (Sc) Dissolved [a the efMuent mg/1 0.05 0.10 1L0G
Silver (Ag) Dissolved in the efflucnt me/l 0.10 0.50 1.00
Sulphate (504) Ditsolved in the efMucnt mg/1 504 250 1,000
Uranyl {(U0;) Dissolved in the eMuent mg/! 2.00 5.00 10.00
2ine (In) Dissolved in the eMuent mg/l Q.50 5.00 10.00
OR and Grease Tutal in the efluent g/l 15.00 15.00 15.00

Nare—Aceeptable concentrations for characicristics aot appearing in this list are to bo determined as requiced. When oll Mquids are totally reeycled, the applicability of the
wbove objcclives will be sssessed, :

}g\igfully, scli.nlquanuly sampling on cfMucnis and at control and lest stations ln recelving-waters; quarterly sampling on clMhuent discharged to closcd aystems,

2 Daily sampling.

%To be reviewed,

+ Tentative, subject to review,

¥ Subject 10 review where applied to smelters.




times. Metry, A.A. gg_gl?zindicate gravity settling of Western coal storage

runoff did not meet EPA's effluent discharge criteria of 15 mg/1 suspended solids
and that chemically-aided settling of coal fines could be effective using a com-
bination of 1ime and polymer. Further, sludge from the clarification system cannot
be thickened by gravity but must be chemically assisted. Coal pile drainage also

~ contains biodegradable organics as. indicated by the leachate test data. (Ex-

tractabie BOD5 = 1400 mg/kg). Assuming BOD5 is extracted at the same rate as
dissolved solids, the 8005 concentration of coal pile Teachate could be as high

as 1200 mg/1. Discharge of this quality of effluent would not be possible. This
aspect is discussed in more detail in Section 6.2 (b) (iit) A.

Low Grade Kaste Stockpile

The low grade waste stockpile would begin to be developed in the construction
phase. The size during this phase could reach 12 ha (30 acres). It is assumed
that this material would be placed in a side hill hon-impounding embankment since
the project descriptions do not indicate a retaining structure. It could be
expected that this stockpile would exist in an unsaturated condition and be un-
1ikely to produce any continuous leachate seepage. The only leachates expected
would be during spring snowmelt runoff and during rainstorms.

The Teachate test data produced by others33is shown in Tables 6-22 and 6-23.,
Table 6-24 indicates the leachate quality at low pore volume displacement, which
is considered to represent the worst case, assuming the lTow grade waste does not
develop acid drainage characteristics in the long term. There are some indicators
that point to possible acid drainage. Analysis of low grade waste for others33
by the B.C. Department of Agriculture indicated a low pH (pH 5.0) of the waste-
water solution. The neutralizing capacity of the extractable alkalinity in the
Tow grade waste (3120 mg/kg) is such that it could theoretically offset the acid
potential of the waste only if it contains less than 0.10 percent pyritic sulphur
The actual pyritic sulphur is not presented in the project information available

for this assessment. The quantity of runoff water from the pile for design pur-
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A TABLE 5-22

TOTAL EXTRACTABLE SALTS TEST RESULTS*
LOW GRADE COAL YASTE

Low Grade

Parameter Coal hHaste
pH 7.85
Suspended Solids 1650
Total Filterable Residue 5320
Rlkalinity as CaC03 3120
Chloride -C1 380
Flucride -F 1.5
Nitrate-Nitrogen -N 19
Hitrite-Nitrogan -N 9
Total Kjeldahl Nitrogen -N 12
Biochemical Oxygen Demand {S5-day) 520
Chemical Oxygan Demand 950
Ortho-Phosphate - Phosphorus_p 5.0
Sulphur ) 224
Alurtinum -Al 25
Arsenic -As 0.8
Boron -B 1.0 .
Cadmium -Cd < 0.08
Calcium, Hard as CaCO3 600
Chromium -Cr < ]
Copper .=Cu 6.0
Iron -Fe 76
Lead -Pb < 3
Lithium -Li 0.6
flagresium, Hard as Cactb 540
Hercury -Hg 0.006
Selenium -Se 0.9
Sodiual -Na 1280
Strontium -Sr < 4
Vanadium -V 0.3
Zinc -In 15.0

Data from Acres Consuiting Services Ltd. :
* Except for pH, all units are mg/kg, indicating miliigrams extracted

per kilogram of dry solids.




TABLE 6-23

RATE OF RELEASE TESY RESULTS*
L0U GRADE COAL WASTE

Parameter . Individual Extract Cumulative Extract
Day Day Day Pay Day Day Day Day Qay Oay
1 ] l 4 5 1 4 k| 4 )
Yolurg of Extract : - nl 222 91 10 125 17§ o 281 82 507 682
pi . L8 8.5 8.9 B.6% 1.6
Suspended Solids - mg/l 8l 225 154 96 8 81 m 123 1s 92
Tatal Filterable Residus - ng/l 1520 690 950 12 10 1520 146 1243 §54 728
Specific Conductance - amhe/cm 055 460 650 72 50
Alkalinity as c;cos - m9/kg ar2 97 214 24 50 872 1069 1281 1307 1157
Chlorida - Kg/kg 83 19 1% 4 ] 89 107 122 126 13%
Fluorigde - m9/kg 0.14 - - - - 0.18 - - . -
littrate-Nitrogen C - ujfke 5.3 1.1 0.4 0.1 0.2 5.3 6.4 6.3 6.9 1.1
Crtro-Phosphate = Phosphorus - mg/kg 0.3 0.12 0.20 0.19 0.18 0,31 Q.45 9.6§ .84 1.02
Sulphur - mg/kg 2.2 1.8 2.4 .3 38 2.2 6.1 .5 0.6 k48
Arsenic - ng/kg 0.1 - - - - 0.1 - -
Codnt i 0,008 . . - . 0508 T .
adniva - pg/k . < 0. - - - Co- % 0. - - - -
Calcium, Hard as CaCo. - t.g/kg 8.1 2).0 4.4 17.1 2.9 83.3 106.3 | 149.7 166.8 188.7
Chroxiua L - ngfkg 0.44 0.05 0.05 0.04 0.12 D.44 0.49 0.54 0.58 0.70
Copper - my/kg 5.44 0.06 0.02 0.16 0.04 5.44 5.50 5.52 5.68 5.12
fron - 0g/kg 12.7 2.2 1.1 0.3 1.2 12.7 4.9 16.0 16.3 12.5
tead - mg/kg < 0.05 - - - . < 0.05 -1 - - -
Pagsesivm, Hard a3 C‘Cﬂ, - ng/ky 15.9 10.6 18.9 1na 1.2 5.9 86.51 1054 136.5 143.7
Farcury - mlky 0.004 - - - - 0.004 - - - -
Scdiun - m3/kg 593 3 I 4 18 593 74 685 689 768
Vanddium « mg/kg < 0.022 - - - - < 0.022 - - - -
Linc - nyfkg 0.2 0.03 0.04 0.04 0.05 0.28 0.33 0.7 0.4) 0.46
Miticral Data: Indfvidual Extract
' Day Oay Day
A A
Volunc of Extract -nl 250 75 125 Weight of Sample: 100 ¢
. 1.25 1.2 7.4 Particle Size: 2eax 0.6 m
Suspended Solids - rg/l n 40 k1) Packed Column Length: W cm
Spechfic Conductance = ymho/cm 14 14 2l Water Required for Saturation: 30 ml
Average Tewperature: 22 C

Data from Acres Consulting Services Ltd.

® Except where noted, results are expressed in units of mg/kg, indicating mi1Vigrams extracted per kilogram of dry solids. Individual results

are shown for extracts collected after successive 24-hour perfods and curulative figures are talculated from individual results. A dash (-)
fndicates that the parameter was not amalysed.




TABLE 6-24
PROJECTED LOW GRADE LEACHATE CHARACTERISTICS

Parameters {(mg/1)

pH (units) 7.8
Filterable Residue Dried at

105 f:grges c 1520
Boo5 148
Alkalinity {as CaC03) 393
Chloride 40
Fluoride 0.08
Nitrate = N 2.4
O-phos. = P 0.15
Sulphur 10.0
Arsenic 0.06
Baron 0.12
Cadmium 0.002
Calcium (as CaC03) 37.5
Chromium 0.2
Copper 2.45
i ron 5.7
Lead 0.02
Magnesium (as CaCO3) 34.02
Mercury 0.002
Sodium 267
Vanadium 0.01
Zinc 0.125

*At Jow pore volume displacement {See Table 6-9 for example calculation)

*%
Estimated by BEAK utilizing BOD of Total Extractable Tests and multiplying
by ratio of Filterable Residue extracted in 24 hours to Total Extractable
Filterable Residue.

From Acres Consulting Services Limited, March 1977. Leachate Data,




poses based on a ten year 24 hour starm (35 mm) and assuming an 80 percent di-
rect runoff would be 3400 m° (1,400,000 USG) or 0.04 m=s * (980 USGPM). Pro-
ject descriptions indicate runoff would be directed through lagoons (No. 5 and
then No. 4) prior ta discharge to Hat Creek in the diversion channels. If the
quality of the effluent is as listed in Table 6-24, the following chemicail
parameters would be above Level A requirements considering the physical treat-
ment proposed: ‘ -

Arsenic
Chromi um
Copper
Iron

¥
Mercury

It should be noted that as the runoff quality is considered to be the same as
the leachate quality, the estimates for dissolved parameter levels is probably
conservatively high. The level of suspended solids in the untreated runoff
would be several hundred milligrams per liter, however, this would be reduced
through treatment in the settling lagoons. The chemical constituents in the
runoff from the low grade waste are, excepting arsenic, the same parameters
that could be present in elevatad levels from the coal pile runoff (see Section
6.2 (b} (ii) A).

The level of biodegradable organics could be substantial in the runoff and based
on the flow from the storm utilized and projected BODS, could add about 800 kg
(1700 1b) of BOD to Hat Creek. Color of the runoff would also be expected to be
elevated due to the fact that the low grade waste is, in effect, low grade coal.
It would appear from the predictions that the proposed physical treatment will be
inadequate and either more extensive treatment is required or other means of
disposal such as total containment and evaporation or reuse by irrigation may be
required. '

w
Guideline is subject to review. See Table 6-21.
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Other Activities

Construction of the mine substation, roads and conveyors could be expected to
alter some surface area, thus increasing the disturbed area subject to erosion
and sediment loss to runoff.

Dust control is considered a major beneficial activity as it will minimize dust
fallout and subsequent washout due to precipitation., The literature indicates
the potential for fugitive dust generation from a coal mining operation from
drilling, blasting, hauling, lcading, unloading and crushing operations at about
3.3 kg per tonne of coal produc:ed.36

Estimates specific to the Hat Creek project by others,25 also indicates the ex-
tent of dust problems to be expected with a projection at 0.24 kg per tonne of
coal (2400 tonnes of particulates during the year of peak activity) presumably
with dust control measures. While the quantity of this material which may end
up in the surface water runoff is not predictable, the majority will undoubtedly
fall within drainage areas from which runoff is to be treated in sedimentation
ponds.

B. Plant

Ash Disposal

The main activities which would cause interactions with the surface water quality
are clearing and stripping, embankment and creek diversion construction, base
preparation and construction of drainage ditching and sedimentation ponds. [t

is not possible to predict the level of sediment which will reach the main surface
watercourses (Medicine Creek and Hat Creek), If the wet ash pond in Medicine
Creek is selected as the disposal method, it will likely be necessary to avoid
construction activities during spring runoff, Provided all construction area
runoff is treated via settling lagoons to the prescribed levels {50 mg/1 in the
pond efflyent and maximum change in receiving stream turbidity of 5 APHA units),
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the impact would be acceptable from a water quality viewpaint. It is not possible
to assess the design of runoff control and treatment systems due to the lack of
conceptual design information on these items in the project descriptions.

Water Supply Reservair

Clearing, stripping, embankment constfuction-and base preparation activities will
generate dust and surface areas subject to erosion and sediment loss. Construc-
tion sediment control systems will be necessary to protect Medicine Creek water
quality.

Other Activities

At the plant site considerable grading, clearing, stripping, excavation and fill,
drainage ditching, lagoon and road construction activity will occur. These
activities through disturbances of ground cover and dust generation have the
potential to cause impact on the physical quality of Harry Creek and Medicine
Creek surface water via erosion and sediment loss. Sediment control facilities
will be necessary to protect these tributaries of Hat Craek.

The disposal method for sewage from the shops, office and construction warehouses
has not been established. The gquantity could be about 500 m3-'d'1 (130,000 USGPD).
Considering the size of the creeks near the plant site, having extremely 1imited
dilution and assimilative capacity, it would not be advisable to discharge treat-
ed sewage. Total containment in an aerobic lagoon with ultimate disposal by
evaporation or possibly coupled with irrigation would appear to be the most desir-

able methods to avoid impact on surface water quality of area watercourses.
The concrete batch plant will be provided with a closed circuit water system ut-

ilizing a sedimentation pond. Thus there would be no interaction or impact on
surface water quality from this activity.
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C. Offsites

Hat Creek Diversion

Construction of the Hat Creek diversion will entail clearing, stripping, excava-
tion, fill, embankment and access road construction. The total disturbed area
including reservoirs (base case) is about 46 ha (115 acres) assuming the reservoir
bases are stripped of topsoil. These activities expose barren soils to the pro-
cess of erosion., In addition the construction activities cause fugitive dust
subject to precipitation washout. Little detail is provided in the project '
descriptions on the strategies to be used to minimize these interactions with
surface water quality. It will be necessary, however, that all runoff from con-
struction areas be controlled, collected and treated to appropriate levels (50
mg/1 of suspended solids and maximum change in receiving water turbidity of + 5
APHA units) to avoid serious impact on Hat Creek water quality. Construction

of the reservoirs and discharge conduit plunge pool within the existing creek
bed would likely be done during summer low flow period. However, at Tow flow
the creek is least able to cope with sediment due to its then low carrying
capacity. Sediment will tend to settle out in the first few kilometers having
potential of silting up trout spawning areas and smothering creek benthos. Low
flow periods will require extremely good erosion control to protect downstream
creek values,

Main Access Road

Construction of the main access road will entail such activities as clearing,
stripping, excavation, fill, borrow areas, culvert installation and drainage
ditching, disturbing a total of 100 - 120 ha (250 - 300 acres) between Ashcroft
and the plant and mine site. The road crosses surface streams and creeks nine
(9) times. It will be necessary to control erosion related sediment loss and
fugitive dust, particularly at c¢rossing of Cornwall Creek because of existing
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domestic water uses. Normal road construction sediment control measures will be
necessary to protect surface water quality.

Cooling Water Supply System

Construction of the 23 km (14 miles) of pipeline, pump stations, access road and
Thompson River intake will disturb about 38 ha {97 acres) of terrain. Activities
such as clearing, stripping, trench excavation, blasting and spoil dispesal have
potential to cause erosion and fugitive dust related sediment loss to surface
drainages. Extra precautions to avoid impact from sediment entering the creek
will be necessary at the Cornwall Creek and Bonaparte River crossings. Attention
to construction timing will be necessary at the Thompson River intake construction
site and at the Bonaparte River pipeline ¢rossing due to anadromous fish migration
and spawning.

Provided precautions are taken, impact on water quality should be of short dura-
tion. The level of physical water quality impairment due to construction is not
predictable. Provided requlatory levels are met for discharge of suspended solids
and allowable increases in receiving water turbidity, the impacts would be minor.

Airport and Offloading Facilities

The activities of clearing, stripping, base preparation and construction of drain-
age control will expose areas to possible erosion and a certain amount of fugi-
tive dust will occur. The areas involved are 24 ha (60 acres) at the airport
site and about 3 ha (7.5 acres) at the offioading site. These sites have not

been studied in the inventory program. Impact on water quality due to sediment
loss would likely be minor providing nommal construction sediment loss procedures
are utilized. The sites for the airport (A and C) being considered appear to be
away from significant developed surface runoff systems, thus sediment loss should
not be difficult to control.
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(ii4) Operation

A. Mine

Blasting
The explosive ANFO will probably be used where practical and where moisture condi-

 tions will allow. This explosive consists of ammonium nitrate pellets which are

coated with diesel fuel. When these pellets get wet, they tend to deform into
a studge that will not explode on detonation. When the moisture content of the
pellets exceeds about 8 percent by weight, explosion will not occur.

Since ammonium nitrate is highly soluble in water, use of ANFO may result in
nutrient discharge in mine waters and subsequent increased algal and weed growth
in Hat Creek. The main potential for contamination of water courses would be
from ANFO spillage during handiing, blast-hole loading and from misfired charges
during the blast. Some contamination would also result from the common practice
of flushing away partially used explosives instead of returning them to explosive
storage.59 Normal safety practice requires that all misfired charges be complete-
ly washed from the b1ast-h01e59; such practices wouid increase the likelihood of
ammonium nitrate discharges.

Pollution of mine water by ammonium nitrate from ANFO can be minimized by the
following measures:

(a) strong packaging of ANFU

(b) careful handling and loading of material

{c) tota) return of unused explosives to the storeroom

(d) use of plastic liners in bore holes to minimize exposure of ANFO to moisture
(e) use of less soluble water gel type explosives in wet sections of the mine
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Little information is available to predict the seriousness of mine water poliu-
tign from ammonium nitrate type explosives. However, ammonia nitrogen (includes
ammonium) concentrations of about 5 mg/1 have been gbserved in mine waters at one

site.60

Ammonium nitrate is toxic to fish at about 1000 ppm.61

Dewatering

The degree of dewatering increases substantially in the operation phase to about
30 1-5'1 (500 USGPM) from dewatering wells and from mine seepage. A further 9

- 125 1-5'1 (150 to 2080 USGPM) will require pumping from the pit at times due
to direct precipitation into the pit area. Project descriptions indicate these
waters will be pumped to a lagoon (Lagoon #1) for treatment prior to discharge
to Hat Creek downstream of the mine. As indicated in Section 6.2 (b) (ii), the
best estimate of probable quality of this water is that it will contain high
levels of dissolved solids {1200 - 1600 mg/1), some color (20 Pt-Co units) and
some biodegradable organics (BOD5) similar to the water quality of Inventory
pit area wells sampled {Well RH 76-19 and Bucket Auger Hole #7: Tables Cl-16
and C1-17 of Appendix C). The suspended solids level in the raw mine water could
be high and the chemical constituents would be diluted wherever precipitation
waters made up a significant portion of the total. After passing through a
settling basin the level of suspended solids would be reduced. However, color,
BOD5 and ammonia (latter from blasting residuals) will not change appreciably

by sedimentation treatment alone. Assuming a dilution in Hat Creek at low flow
(about 3:1), the color addition could cause a minor aesthetic impact while the
BOD5 addition of about 20 kg per day (50 1b per day) could reduce the dissolved
oxygen level in future Hat Creek to less than 5 mg/1. The ammonia level could
also be substantially above regulatory levels (0.50 mg/1). Sulfates may also be
considerably above current regulatory levels (50 mg/1). Table 6-25 lists the
projected quality of this water based on 1imited inventory information.
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TABLE 6-25
PROJECTED MINE WATER QUALITY

Parameter {(mg/1) Value
pH (units) 7.5
Filterable Residue 1400
BOD5 3.5
Alkalinity 870
Chloride 4
Fluoride 0.2
Nitrate (as N) <0.06
Kjeldahl Nitrogen (as N)** 14.0
Ortho Phosphate (as P} <{.03
Sulfate 140
Arsenic <0.009
Boron <0,05
Cadmium < 0.005
Calcium (as Caco,) 120
Chromium <(.010
Copper < 0.006
Iron <0.08
Lead <{(.015
Magnesium {as CaC03) 128
Mercury <0.0003
Sodium 315
Vanadium <0,05
Zinc 1.0

*Based on the average of Well RH76-19 and Bucket Auger Hole #7
as given in Tables C1-16 and Cl-17 of Appendix C.

e
Not including any contribution from blasting residuals.
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Qverburden Dumps

The overburden dumps excepting the North Valley dump, are of retaining embankment
type. Excepting the faces of the retaining embankments, overburden will not be
subject to significant reclamation and revegetation until completion of mining.
Thus the entire dump surfaces (excluding embankments) will be subject to precipi-
tation runoff and sediment loss. Due to the short contact time of precipitation
runoff, the major water quality parameter of concern during storm periods will be
suspended solids. The level of suspended solids in the runoff is not predictable
as there are many variables. Mean values ranging from about 0 - 1300 mg/1 during
baseline conditions to values ranging from 250 - 3900 mg/1 during rain events have
been observed by others in studies of sedimentation ponds at surface mining opera-
tions.62 Under normal circumstances of low precipitation in the Hat Creek Valley,
there will be insignificant runoff from the dumps. Under these conditions the
only waters to contend with are seepage from the toe drains of the dumps. The
quality of these flows, as predicted in Table 6-9 of Section 6.2 (a) (iii) A,
could contain elevated dissolved solids and metals such as arsenic, chromium,
copper, and iron, Treatment by sedimentation alone would not be expected to re-
duce levels of dissolved metals. Without additional treatment, considering the
dilution provided by Hat Creek (3:1) at low flow, the impact on water quality of
the creek would be high. It appears that treatment to reduce heavy metals to
regulatory levels will be necessary.

During a storm event the quantity of surface runoff to be treated will be of
considerable magnitude. Assuming a ten year 24 hour rainstorm as the design
basis, (Note: Environmental Protection Agency of the USA require no treatment
Timitations for runoff in excess of that produced by a ten year 24 hour precipi-
tation event) a runoff coefficient of 0.6 and rainfall of 35 mm, the quantity
of runoff from the two main dumps would be as follows:

Area-ha Runoff m3
Houth Meadows Dump 608 128,000
Medicine Creek Dump 482 101,000
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As presently laid out the lagoons servicing the Houth Meadows (3 Tagoons) and

the Medicine Creek dumps {1 lagoon) will also intercept surface runoff from un-
disturbed areas as well as from the dump areas. This arrangement does not
provide the best approach to erosion sediment loss control as the lagoons are

in effect "in-stream" facilities. Lagoons of a "dedicated" nature are considered
by industry and regulatory authorities to function better and of course can be
smaller in size. Further discussion of the design criteria and efficiency to

be expected is included in this Section under Drainage Control And Lagoons.

Coal Stockpile

The volume of coal to be stored at the mine mouth facility will be 0.9 x 106

tonnes (1.0 x 106 tons) of crushed blended coal and the uncrushed coal pile
developed during construction phase will gradually be reclaimed. The area of
the coal piles at maximum will be about 28 ha (70 acres). Since the coal will

be crushed to 3 cm size and compacted it will be somewhat more resistant to pre-
cipitation infiltration. The average sulphur content of the pile will probably
be about 0.45 percent (wet basis). Similar calculations to those presented in
Section 6.2 (b) (ii} A on acid potential based on pyrite content indicate an
equivalent acidity of 5015 mg/kg of coal as CaCO3. The average neutralizing
capacity of the extractable alkalinity based on leachate tests by others is

1560 mg/kg. The coal usage rate of the plant is about 420 kg-s_1 (1660 tons/
hour) which transiates to a possible coal stockpile turnover rate of about 14
days. It is not known if this storage time is within the time frame required

for weathering and acclimation of acid producing bacteria resulting in possible
acid drainage during "flushing” by a prolonged rainfall. The following subsection
discusses sulphide oxidation in some detail in an attempt to assess the probabil-
ity of acid drainage production.

Sulphide and reduced sulphur compounds can be either chemically or biologically oxi-
dized to sulphuric acid. The biological mechanism is generally believed to be pre-
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dominant.63’64 The major sulphur oxidizing bacterium is Thigbacillus ferroxidans
which is capable of directly oxidizing dissolved and undissolved reduced sulphur
compounds and ferrous iron. For example, the complete biological oxidation of
pyrite results in the formation of two moles of sulphuric acid per mole of pyrite:

4FeS2 + 1502 + 14H20"-4Fe(0H)3 + 8H2504

The amount of acid formed will vary with the nature of the sulphide mineral. With
regard to the dissolved components, acid may result from the chemical or biological
oxidation of ferrous iron or reduced suiphur compounds. In the oxidation of ferrous
iron, there is a net gain of two moles of hydrogen ion per mole of ferrous iron:

3+

+ H.0

2Felt + 50, + 24" = 2Fe )

2Fe3* + 6H,0 — 2Fe (OH)  + 6u*

With reduced sulphur compounds, the amount of acid released would depend on the
species present and the mode of oxidation:

5.0.% *

273

2- 2-
5402 + 30, + 3H20-'-4SO4 + 6H

+ 20, + H

el 2—
, + Hy0—»250,7 + 2H

+

For the sulphur gxidizing bacteria to thrive they require an acidic medium, the
presence of dissolved oxygen, nutrients and favourable temperature, As a rule,
sulphur oxidation occurs only to a siight degree in polar areas.65 If sulphur
oxidq;icn does accur, the eventual pH i{s dependent on the acid consuming ability
of the effluent which is due to the alkalinity and the precipitated carbonate
species,

Rivett and Oko66 also found that the factors influencing the formation of sulphur-
ic acid were determined to be sunlight, temperature, pH and the presence of sul-
phur for oxidizing bacteria,
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Kuznetsaov gg_gl?s discuss factors affecting the oxidation of sulphide ores,
They state that the susceptibiiity to bacterial or chemical oxidation is depen-
dent on the type of sulphide present. Apparently, the oxidation is alsg influ-
enced by the solubility of the resulting suiphate.

Singer and Stumm67 investigated the chemical oxidation of iron pyrite (FeSz).
They concluded that ferric ion is required in this oxidation according to the
following sequence:

3+ L £alt 2-
Fe™ + FeS2 + 402-—1 Fe™ + 2804
The oxidation of Fe2+ is the rate Timiting step. The chemical oxidation of
Fe2+ is very slow and bacteria are needed to accelerate this rate.

Chen and Morrisﬁ4 found that the kinetics of the chemical oxidation of dissolved
sulphide is complicated. There is a complex dependence on the sulphide to oxygen
ratio and this ratio combined with pH can be critical with regard to the product
formed. Catalysts (eg. heavy metal ions) also play an important role.

The pH of natural waters is largely regulated by its alkalinity. Carbon dioxide
and the three forms of alkalinity (0032', HCO3', OH™) are all part of one
system that exists in equilibrium according to the following equations:

e — - +
CO2 + HZO e H2C03-- HCO3 + H

2* 4 2Heo,"

M(HCOa)Z-?—"‘- M 3

HCO,” == co32' 't

2' ——liy - -
C03 + HZO = HC03 + OH

A change in the concentration of any one species will cause a shift in the equi-
librium and result in a change in pH. Conversely, a change in pH will shift the
equilibrium. If, for example, a quantity of acid is discharged into a water Sys-
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tem containing solid calcium carbonate, this will lead to dissolution of the cal-
¢cium carbonate which will neutralize the acid and establish a new position of
equilibrium. The restraint to an alkaline pH is the large reservoir of carbon
dioxide in the atmosphere. Stumm and Mor'gan68 discuss this equilibrium quite
extensively.

Considering the short period of storage of the crushed blended coal pile {assuming
a turnover time of 14 days), it is unlikely that significant weathering of the

coal or development of acid producing bacteria would occur. On this basis, the
quality of drainage is projected as being alkaline and of a nature and quality as
previously listed in Table 6-19 (Alkaline Drainage) and Table 6-15{Coal A, B and C)
of Section 6.2 (b) (ii) A. As stated in that Section, problems are projected

in meeting all current regulating guideline Tevels with treatment proposed in the
project description documents. Total containment or additional treatment appears
necessary.

As estimated earlier, the 8005 of the coal pile runoff could range as high as
1200 mg/1, if contact time was 24 hours, Based on a nomograph solution for time
of concentration in the commonly used Rational Method for estimating runoff, the
contact time, assuming the majority of precipitation remains as surface flow over
the'pi1e, would be in the order of 10 to 15 minutes69 for the proposed coal pile.
Some of the precipitation will percolate into the pile and flush out materials
previously dissolved in the moisture within the coal pile.

The quantity of runoff and leachate from the crushed coal pile could probably

be about 8000 m3 (2,1 x 106 USG) during a ten year 24 hour storm or about

0.09 m> s (1500 USGPM). This quantity may seem hign, however it was noted dur-
ing a visit to the Centralia Steam-Electrtc Plant at Centralia, Washington that
runoff from a 32 ha (80 acres) coal storage area has reached peaks of 0.25 :113.5"1
(4000 USGPM) which is then directed to treatment.>® Anderson, W.C. et a15°
studied a coal pile and found about 12 1itres of water per tonne of coal was
required for a complete flushing of the pile,
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It is thus difficult to predict the BOD5 Tevel to be expected in the effluent.
Assuming 80 percent surface runoff and 20 percent percolation and contact for
upwards of 12 hours and a straight 1ine time proportional BOD extraction rate,
the combined effluent would contain in the order of 130 mg/1. If the effluent
from such a storm runoff were discharged to Hat Creek, the potential BOD5 load
would be in the order of 1500 kg.

Data reported herein with respect to the inventory of current water quality in-
dicate that the waters of Hat Creek are usually almost saturated with dissolved
oxygen. If conditions suitable for the continued well-being of rainbow trout
are an objective for Hat Creek, the dissolved oxygen concentration must be main-
tained at 5 mg/1 or greater.61’70

Methods used for predicting the effect of discharged biochemical oxygen demand
(BOD) on the dissolved concentrations in receiving waters are approximate and
have some deficiencies. MNonetheiess, the Streeter/Phelps equat‘ion70 was used
to calculate the quantities of BOD that could be discharged to Hat Creek, while
maintaining the concentration of dissolved oxygen at 5 mg/1 or greater. This
equation involves the use of two important coefficients, the value of which had
to be assumed, based on related experience elsewhere,

Temperature predictions associated with the diversion of Hat Creek indicate that
at the two-year-return minimum flow of 0.12 m3.s'1, the temperatures in Tower
Hat Creek could be as high as 40°C, under extreme weather conditions. With a
flow of 0.12 rn?’.s"1 and a temperature of 40%c, the maximum allowable discharge

of BOD5 would be about 20 kg.day'l, for maintenance of 5 mg/1 dissolved oxygen.

For a 8005 discharge of 80 kg-day'f1 or higher, the creek would be septic, with
no dissolved oxygen; foul odours would result, |

If the temperature of the water from the diversion channel was 25°C, rather
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than 80°C, the maximum allowable discharge_of 8005 would be approximate]y 100
kg-day'l, based on a flow of 0.12 ) sec'l, and a minimun allowable dissolved
oxygen concentration of 5 ma/1.

During the freshet in June, the flow in Hat Creek could be about 2.8 m% sec'1

with a temperature of approximately 8%C. Under these conditions, about 17,500
kg-d.ay'l of BOD5 could be discharged, while maintaining 2 minimum dissolved oxygen
concentration of 5 mg/1 in Hat Creek. The discharge of 17,500 kg.day™" of BOD;
into Hat Creek during June would lower the dissolved oxygen levels in the Bonaparte
River by about 1 mg/1. This estimate is based on a June filow in the Bonaparte
River of 14 mq sec“l, a temperature of about 11°C, normal 8005 concentrations

less than 1 mg/1, up-stream dissolved oxygen levels at saturation and a travel
time of 12 hours in the Bonaparta River. The effect of the BOD on the Thompson
River would be insignificant, because of extensive dilution. If discharges of
BOD5 to Hat Creek were restricted to maintain a minimum concentration of dissolved
oxygen of 5 mg/1 in Hat Creek, the impact of the discharged BOD

River would be insignificant.

5 on the Bonaparte

As indicated by the foregoing discussion, discharge of 1500 kg of 8005 from the
coal pile drainage would not be possible during normal summer flows in Hat Creek
without severe impact on the water quality. Containment or additional treatment
thus appears necessary for this runoff source.

Low Grade Waste Stockpile

The area of the low grade waste stockpile at maximum size is projected at 127 ha
(317 acres). It is assumed to be a side hill non-impounding embankment. The

quantity of runoff from the pile based on a ten year 24 hour rainstorm (35 mm)

and an 80 percent runoff coefficient would be about 36000 m3. Rungff from the

stockpile is scheduled to be routed through two lagoons (No. 5-and No, 4) prior
to discharge to Hat Creek. As indicated in Section 6.2 (b) (ii) the quality of
this runoff after removal of settleable solids in the basins could contain elevated
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levels of arsenic, chromium, copper iron, organics (BODS) and color based on the

leachate data on this material,

It is thus concluded that further treatment beyond sedimentation will be necessary
for any runoff from this stockpile otherwise positive discharge should not be con-
sidered in order to avoid impacting water quality in Hat Creek.

Drainage Control And Lagoons

Surface mining aperations have the potential to generate large volumes of sediment,
As long as the sediment generatad is contained on the mine site, it does not pre-
sent a problem. However, if it washes into watercourses, the sediment can have
several detrimental effects; some of the effects are listed in a report by the

U.S. Environmental Protection Agency.20 The first step in controlling the dis-
charge of sediment is to use mining practices which minimize erosion; the EPA
report discusses these practices., The second step is to use sedimentation basins
to remove settleable particles from surface waters, as close as possible to the
sediment source. The basins should intercept drainage ways before they meet the
main stream; off-stream sedimentation ponds are more effective than on-stream ponds,
which keep streams turbid for long periods following a stonn.71 The U.S. Soil
Conservation Service suggests that sedimentation basins have a volume of at least
380 m3 per hectare of disturbed area in the drainage basin.20 However, a study
of nine basins designed by this criteria revealed that during a storm, the sus-
pended solids removal efficiency could drop from a normal level of about 90

percent to a value as low as 35 - 50 percent.

The approach that best ensures that the performance of a sedimentation basin will
be adequate to meet water quality criteria is based on consideration of the over-
flow velocity and the critical settling velocity of the smallest particles that
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are to be removed. Settling conditions should be as ideal as possible; turbulence
should be minimized and the entrance and exit effects should be minor, The EPA
report20 discusses several measures which can be used to improve pond efficiency.
For example, short circuiting is minimized with a length-to-width ratio of about
five. Also, two or more ponds in series, instead of one larger basin covering

the same area, increase overall removal efficiency.

If the inflow of a settling basin has a high proportion of fine-grained sediments
(silt and clay), there may not be enough land area available to construct a settl-
ing basin of the sizé required to obtain the desired water quality. In such a
situation, it may be necessary to add coagulants to increase sedimentation effi-
ciency. Coagulants which have been demonstrated to be effective for clarification
of mine waters include lime and high-molecular-weight po1ye1ectrolytes.62 If
coagulant addition is contemplated, consideration should be given to the possible
effects of the coagulant on downstream water quality in Hat Creek and the Bona-
parte River.

The most important maintenance problem associated with sedimentation basins is
the removal of accumulated sediment. Accumulation of sediment in the basin re-
duces the retention time for runoff thereby reducing particle removal efficiency.
The highest sediment loads are often observed during the first six months after
mining begins.20 Basins are usually cleaned out when half of the basin volume

is gccupied by sediment, or six months after the mining operation was started,
whichever comes first. The sediment removed from the basin must be disposed in
such a manner that it will not re-enter the surface drainage system during suc-

cessive storms.

Reclamation
Throughout the life of the mine considerable reciamation will occur, mainly on
the outer faces of retaining embankments in the early years followed by gradual
reclamation of the top surfaces after mid point of mining. The total area of
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the Houth Meadows dump (608 ha: 1520 acres) and of the Medicine Creek dump i
(408 ha: 1204 acres) will have been reclaimed by the end of mining. Reclamation
of the pit will not be possible until after cessation of mining.

Once the results of this activity begin to have an effect, the rates of soil
erosion, chemical leaching and wind caused dust from previously disturbed areas
will diminish to the benefit of both surface and subsurface water quality. In
the case of the Hat Creek Project, due to the arid climate and the general lack
of topsoils to utilize in top surfacing of spoil dumps, it will be necessary to
utilize artificial fertilization and likely irrigation to expedite the revegeta-
tion process. This aspect of the reclamation activity is considered a potential
negative impact on water quality. Loss of nutrients will raise the level of bio-
logical parameters (nitrogen and phosphorous) to levels which could foster algae
and slime growth in Hat Creek. This impact is discussed further in Section 6.2

(b) (iv).,

Infrastructure

Operation of the mine infrastructure includes only a few activities which are
considered to pose potential minor negative impacts on surface water quality.
These activities are operation of the coal crushing and blending plant, coal
conveyors and coal haul roads. Operation of coal crushing and blending plant,
including loading, unloading and crushing, could produce about 1.2 kg of fugitive
dust and emissions per tonne of coal processed. An undeterminable portion of
this dust will eventually settle on the area vegetation in summer and in the snow
blanket in winter where it is subject to transport via rain runoff and snowmelt
runoff. Provided surface drainage in the vicinity of this ¢oal crushing and
blending plant is routed through sedimentation basins the impact from this source
will be minimized. Some fugitive dust emissions will also occur at coal transfer
points (conveyors, stacker, reclaimer etc.) which, although controlled by emission
control devices and other measures cannot be totally avoided. Runoff to Harry
Creek which is near to the coal crushing and blending area may be subject to
impact from coal fines. Consideration should be given to placing a settling
basin on this creek to protect Hat Creek water quality.
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Ash Disposal

The base case ash disposal system under consideration is a combined fly ash and -
bottom ash pond in Upper Medicine Creek. This pond would be retained behind an
engineered embankment. The approximate size of the pond at maximum capacity
would be about 440 ha (1,100 acres). Uncontaminated surface runoff from contri-
buting drainage areas above the pond would be diverted around the pond.

The ash pond would be designed to have no discharge of effluent. Considering

this factor, there is no direct interaction with surface water quality by the

ash disposal scheme as precipitation falling onto the ash pond will be contained
in the pond. Contaminated seepage through the retaining embankment, as discussed
in Section 6.2 {a) (iii) B, should be collected and returned to the pond. Dusting
around the edge of the ash pond is considered to pose a potential minor negative
impact on water quality of Medicine Creek and MacLaren Creek, Diversion of inter-
cepted runoff around the ash pond could cause additional sediment levels in creeks

- receiving the diverted waters, The project description indicates the diversion

of some of these waters eastward into Cornwall Creek via MacLaren Creek. This
could cause interaction with domestic water users in this watershed,.

A1l waters collected below the existing Upper Medicine Creek diversion presumably
would be conveyed westward to eventually be discharged into the Hat Creek main
diversion canal. It is not certain whether it is intended to direct this runoff
through the sedimentation lagoon at the base of the Lower Medicine Creek over-
burden dump. Should this turn out to be the case, the sedimentation basin would
have to be sized accordingly and equipped such that flcod flows could be bypassed
to aveid flushing of collected sediment into Hat Creek.
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The first alternate (Alternate I) ash disposal plan is placing fly ash in a 300
ha {750 acre) Upper Medicine Creek ash pand and bottom ash in a 152 ha (380 acre)
Harry Lake dump. The water guality interactions for the fly ash pond in this.
alternate are the same as for the base case combined pond discussed previously.
The bottom ash disposal dump would be constructed by slurrying bottom ash onto
sloping ground and allowing natural separation. A system of berms and ditches
and a basin would collect the drained waters for return to the plant for reuse

in the ash system. This system of bottom ash disposal would preclude any re-
clamation of this dump during operation phase. The return water system would
have to be designed to handle all precipitation and snowmelt runoff from the
dump and contributing drainage area around the dump, Seepage through the col-
lection dam would also have to be collected to avoid contamination of lower
Harry Creek water quality. Assuming these actions are taken in the design and
operation of the dump, there would effectively be no interaction with the surface
waters outside the immediate area of the ash dump. Dusting should not be a
problem from bottom ash'as it is a considerably coarser material than fly ash.

Disposal of ash in dry dumps at Harry Lake area (Alternate II) would consist of
disposal of wetted fly ash to a 190 ha (470 acre) dump while bottom ash would

be dewatered either in-plant or in a small dewatering pond (3 month capacity)

and then conveyed in a dewatered state to a 90 ha (230 acre) dump. The precipi-
tation runoff from these dumps is dependent upon many factors including duration,
runoff coefficient, size of disposal area, and slope.

As planned these dumps would be developed in sections such that as each section
is completed it could be covered with topsoil and revegetated. The process will
minimize the disturbed area subject to runoff,likewise the amount of contaminated
runoff to be handled. Assuming the maximum disturbed area subject to direct pre-
cipitation runoff from a ten year - 24 hour rainstorm (35 mm) to be one haif the
eventyal dump sizes and a runoff coefficient of 0.36, the quantity of runoff

could be 12,100 m3 from the fly ash dump and 5,700 m3 from the bottom ash dump.
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The guality of this water would be similar te that Tisted in Table 6-11 of Sec-
tion 6.2 (a) {iii) B during dry periods when the seepage water constitutes the
major portion, The quality during a'rainstorm will be dependent on individual
storm intensity and runoff volume, The shorter mare intense rainstorm will cause
the runoff to contain high levels of suspended solids and only moderate levels

of dissolved solids. Longer duration low intensity rainfall will cause moderate
levels of suspended solids and dissolved solids., The quality of ash pile runoff
will most 1ikely be of similar makeup as ash pile leachates excepting that levels
of each parameter will be less on a concentration basis due to low contact time
of runoff waters and the dilution effect. Fly ash suspended solids are very
small in size and have poor settling characteristics. Bottom ash suspended
solids are less soluble than fly ash, are larger and settle more rapidly.

The strategy to be used for disposal of runoff and leachates from the ash dumps
in this alternate are not stated in the project descriptions. A water manage-
ment study by others 38 however indicates a runoff holding pond would be incly-
ded in the scheme with reuse of waters collected for ash dust control and pre-
sumably no positive discharge. This course of action would be necessary, given
the extremely poor quality water to be expected from the ash dump, in order to
protect uncontaminated natural runoff in both Medicine Creek and Harry Creek.
The holding pond should be constructed with impervious material to minimize
seepage.

Coal Pile Storage

Runoff and leachate from the coal pile {an Alternate) at the plant site, accord-
ing to project descriptions, would be collected, routed to a holding basin and
subsequently reused in the ash handling system. The quality of this water would
be poor as discussed in Section 6.2 (b) (ii) A and 6.2 (b) (iii}) A. Since there
will be no positive discharge, there will be no interaction with uncontaminated
surface waters in the plant site area, |

b - 106



“in the alternate ash disposal scheme, as indicated in the water management study,

Ash Sluice Water Treatment Sludge Disposal

The site for disposal of sludge from the ash pond recirculation water treatment
plant has not been established. It is not possible to assess the possible im-
pact of surface water quality without some basi¢ information on the type of dis-
posal method. If a pond storage system for disposal is utilized it will be-
necessary to insure isolation from interaction with uncontaminated surface run-
off by means of dyking and diversion ditches. Disposal of this dewatered sludge ”
would be to bury with the fly ash in the dry fly ash dump. Leachates and runoff
from this sludge would be highly alkaline, and be unlikely to contain signifi-
cant dissolved metals. Provided runoff from the dump is contained and returned
to the ash system, there should be no interaction or contamination of area sur-
face waters.

FGD Sludge Disposal

Flue gas desulphurization is an alternate to a Meteorological Control System
(MCS) for controlling ambient air sulphur dioxide levels. Sludge disposal from
the process would require a fairly large site., If FGD is chosen, a separate
environmental study would be conducted to examine all aspects, including assess-
ment of interactions with surface water quality.

Plant Operation

The proposed "no liquid discharge" mode of operation and minimization of wastewater
production by recycling of effluents for reuse will reduce the conflict and
interactions of the development with the water resource and environment in gen-
eral. Since there will be no direct discharge of plant wastewatars to the creeks
and streams of the Hat Creek Valley, there will be no direct impact on water
quality of these resources from this source. Experience e'lsewhere34 indicates

that "no liquid discharge™ is difficult to meet in practise when all factors in-
cluding contaminated precipitation runoff, seepages and leachates, are considered.
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A1l sources such as these must eventually be carefully considered by the design-
ers in the water balance of the power plant, otherwise an excess of water results.
Disposal methods such as evaporator trains’2+73 gp direct discharge to the sur-
face water environment may then be necessary.

Particulate and sulphur dioxide emissions from the power plant have been estimated
by others®? to be 79 x 103 tonnes and 9.7 x 103 tonnes per year, respectively.

The impact of particulate fallout in the Hat Creek watershed and of any sulphur
dioxide acid rain potential 1s not addressed in this assessment. There will un-
doubtedly be an increase in the dustfall level in the valley from particulate

emi tted by the plant. Some of this will fall directly on water bodies and a
portion of the remainder will be subject to washout by precipitation and snow-

melt,

Other Activities

Operation of creek diversions around the ash disposal site can be expected to
contribute some sediment loss to the runoff during spring freshet. The levels
of sediment are not predictable and are flow and velocity dependent, It will
be important to ensure sediment losses are low during nonfreshet conditions

as it is during this period that Hat Creek will be most susceptible and have
the least sediment carrying capacity.

Reclamation during the operation phase of the power plant would be carried out
on the retaining embankment faces and dry ash dumps {should this alternate be
selected). This activity will produce a positive impact on water quality by
reducing disturbed areas, Addition of fertilizers however, can be expected to
contribute some nutrient loss to the watershed. Nutrient loss during reclama-
tion is discussed in more detail in Section 6.2 {b) (iv).
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C. Qffsites

Hat Creek Diversion
Canal and Reservoir Temperature Predictions

Information available on normal water temperatures in Hat Creek is restricted
to a limited number of spot checks at two stations’®. In mid-surmmer, the water
temperature at Station 08LF061, near the proposed mine, is usualTy between 10%¢
and 15%C. The highest observed water temperature at this sampling station is
189C, with a corresponding flow of 0.11’m3.s'1. Further downstream at Station
Q8LF015, near the Bonaparte River, mid-summer temperatures in Hat Creek are

usually between 15°C and 20°C, the highest observed temperature being 24%,

The diversion of Hat Creek would raise water temperatures because the surface
area exposed to solar radiation would increase significantly. Methods available
for predicting temperature changes in running and standing waters are approxi-
mate and have many deficiencies. MNonetheless, estimates were made of the maxi-
mum water temperatures expected at the downstream end of the diversion canal

on a clear, hot, humid, still, mid-summer day, for two situations. The first
situation, referred to as the base case, involves a 7.3 ha reservoir with a
maximum storage of about 220,000 m3 and no flow regulation. Downstream of the
reservoir is a 7,000 m diversion canal, followed by a 2100 m discharge conduit.
The canal considered was that proposed in the September 1977 Hat Creek Prgject
Description: a trapezoidal canal with a 3.7 m base. The second situation, re-
ferred to as the water supply alternate, involves addition of a 120 ha reservoir
upstream from the 7.3 ha reservoir. This large reservoir would have a sufficient

3 -1

storage to maintain a minimum flow of 0.23 m™ s~ * in the diversion canal and pro-

vide an average flow of 0.45 m3-s'1 for water supply.

Predic%&ens of water temperature were based on a method outlined by Velz and
Gannon with appropriate modifications. The calculations considered solar
insolation, radiation from the water to the atmosphere, convective heat
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transfer between the water and the air, and evaporation from the water surface.
In absence of required information, it was necessary to make several assumptions,
some of which are important to the results of the calculations:

1. Water could take six hours to travel the length of the diversion channel
(7000 m).

2. MNo conductive heat transfer between the water and the channel bed. In reail-
ity, heat would be transferred from the water to the channel bed during the

warmer part of the day, and in the opposite direction at other times.76

3. MNo shading of the diversion channel by trees or topography between 9 a.m.
and 3 p.m. solar time.

4. 90 percent of incident solar radiation absorbed by the water, the balance being
reflected at the water surface. At a flow of about 0.1 m3-s'1, the water
depth in the diversion canal would be about 10 ¢m. This shallow water depth
may result in a reduced level of solar energy absorption because some of
the radiation would be reflected off the channel bottom.77

5. Harry, Finney, Lloyd and Ambusten Creeks would be dry and the flow in
Medicine Creek would be 0.003 m3-s'1, at 14°C. Flow from the pit rim

reservoir would be insignificant.

6. Meteorological conditions:

(a) Solar radiation incident on a horizontal surface varying from 3.27

MJ-hr'l-nfzrat noon to 2.55 Md-hr'{-m‘z three hours before and after noon,

(b) Air témperature varying from 15%C at 9 a.m. to 35°C at 3 p.m.

(c) Absolute humidity (partial pressure of water vapour) 13.5 mm Hg from
9 a.m. to 3 p.m,
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(d) Wind speed varying from 6.4 km-hr ~ at 9 a,m, to 1,6 km.hr"~ at 3 p.m.

These conditions are considered extremes for the area.

3 -1

For the base case, a flow of 0.12 m .5 - was used for temperature calculations
in the diversion channel, This flow is the two-year-return flow at Station
08LFO61 on Hat Creek. At this flow, the water temperature at the end of the
diversion channel was calculated as about 40°C, almost independent of the water
temperature at the beginning of the channel., At 40°C, the water in the channel
would be close to thermal equilibrium with the prevailing environmental condi-
tions.

For the water supply dlternative, the water temperature at the end of the diver-
sion channel could be as high as 35°C, based on a flow of 0.23 m?'-s'1 and a

temperature of 20°C at the beginning of the channel.

Since the calculated increases in water temperature in the divefsion channel
were considerable, no effort was made to estimate the effects of the impound-
ments on water temperature., However, surface water temperatures in lakes,
creeks and canals in the interior of British Columbia seldom exceed 25°C.’%
Therefore, 25%C would likely be the maximum temperature expected for water
leaving either of the two proposed reservoirs. [f the diversion design was
altered to reduce water temperature increases to minimum levels, a more serious
examination of the effect of any impoundments on water temperature would be
warranted.

Mid-summer water temperatures in an evaporation pan at Summer-land78 have been in
the range of 32% - 35%C on several occasions and the maximum obsarved temperature
in recent years is 37%. Although the water in the pan is stagnant, the informa-
tion indicates that the calculated temperatures of 40°C and 35°C, at the end of
the diversion chammel, are realistic as potential maximums.
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Temperatures in Hat Creek below the diversions would Tikely be less than the
temperature in the diversion channel, for several reasons:

(a) There would be some evaporative cooling in the plunge pool at the bottom of
the discharge conduit,

(b) Tributaries to Hat Creek would bring some cooler water to be mixed with up-
stream water,

(c) Evaporative cooling and back radiation would be more significant relative
to solar insolation than was the case in the diversion channel.

It is difficult to quantify these effects so it must be assumed, as a worse case,
that water temperatures of 40°¢C or 35%C could persist in Hat Creek down to the
confluence with the Bonaparte River.

The ten-year-return flow in the Bonaparte River is about 5.5 m3-s' and the mid-
summer water temperature at the confluence with Hat Creek could be as high as
20%C. Even if the temperature of water from Hat Creek were increased to 40%,
the temperature in the Bonaparte River would increase by only 0.5°F, at low
flow.

1

The preferable water temperature for rainbow trout is 13%¢ and temperatures of
about 25°C are lethal8l For common white suckers, the lethal temperature is
about 31°C. Therefore, it is possible that diversion of Hat Creek through the
proposed channel could make mid-summer water temperatures in the Tower part of
Hat Creek unsuitable for fish life. Furthermore, mid-summer water temperatures
would be well in excess of the 15°C maximum temperature recommended for drinking
water supplies.79 While the calculations were approximate, it appears that the
diversion of Hat Creek, as planned, would significantly raise the summer water
temperatures in the lower part of Hat Creek. The high temperatures in Hat Creek
would have minimal impact an the temperature of the Bonaparte River, Further
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study would be warranted to improve the reliabjlity of the temperature predic-
tions and to investigate methods to minimize water temperature increases in
Tower Hat Creek.

Hat Creek Diversion
Supersaturation of Mitrogen Gas in Lower Hat Creek

The diversion scheme proposed in the September 1977 Hat Creek Project Descrip-
tions could result in supersaturation of nitrogen gas in the downstream waters
of Hat Creek. Such supersaturation would represent a threat to fish.

Nitrogen supersaturation could result from both temperature increases in the
diversion canal and the discharge of diverted waters from the conduit inte a
plunge pool.

Mid-summer increases in water temperature in the diversion canal would decrease
the saturation concentration for nitrogen. Supersaturation of nitrogen would
result and if the supersaturated gas did not transfer out of the water fast
enough, the extent of nitrogen supersaturation in downstream Hat Creek waters
could be significant, For example, if water saturated with nitrogen at 15%¢
was heated to 40°C, with no release of nitrogen gas, nitrogen concentrations

of 140 percent of saturation would result.

When water is discharged into a plunge pool, there is considerable turbulence.

As a result, air is entrained in the water and taken to various depths, where

the increased pressure forces more nitrogen into selution than would be the

case at the water surface. When the water returns to a point closer to the

surface, the nitrogen concentrations in the water could be as much as 140 percent of
those corresponding to saturation at the water surface. If the water were
discharged, instead, into a stilling basin the potential for causing nitrogen
supersaturation would be reduced but it would sti11 exist, especially if water

in the basin was reasonably deep and there was considerable turbulence.
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The simplified examples illustrate that a more extensive examination of the
'problem appears warranted,

To avoid nitrogen supersaturation from the discharge of the diverted water, a
long rock-covered slope resembling a steep creek bed is suggested. The system
would be designed such that the kinetic energy of the diversion water could be
dissipated on the rocks, with no pools or significant depth, The system would
provide turbuient contact of the water with the surrounding atmosphere. As

a result, any nitrogen supersaturation from the temperature increases in the
channel would tend to be reduced by the enhancement of the transfer of nitrogen
from the water to the air. Also, evaporative cooling would be enhanced, thereby
reducing water temperature. The system would have to be designed to avoid
erosion and to minimize problems associated with icing in the winter.

Main Access Road

The only water quality concerns relating to operation of the access rcad would
be minor sediment loss from runoff concentration in ditches channeled into
Cornwall Creek and possible excessive use of deicing products near creek cross-
ings. MNeither of these interactions are quantifiable but are considered minor
negative potential impacts.

Cooling Water Supply System

Discharge of water treatment clarification plant sludge blowdown to the Thompson
River will cause minor localized turbidity. The discharge point should be se-
lected with care to avoid interaction with other intakes downstream and also to
ensure acceptability by requiatory agencies concerned with fish spawning and
rearing areas especially if in the future coagulants are found necessary at
certain times of the year,

Discharge of pipeline dfainage to Cornwall Creek and the Bonaparte River are
proposed during line maintenance procedures. For discharge into Cornwall Creek
it will be necessary to establish a controlled drainage rate below which turbid-
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ity levels do not disturb downstream domestic water users. Discharge to the
Bonaparte River at too large a rate during salmon migration may cause fish dis-
orientation problems. The project description indicates some chlorination for
control of bacterial growth in the pipeline may be necessary. It is unlikely

that the Tlevel of chlorine woulid be very high, however discharge of any chlorinated
water may be objectionable from a fisheries viewpoint. Fisheries regulatory
agencies should be consuited on both of these issues.

0ffloading Facility And Airport

Operation of the offloading facility (not yet located) and the proposed airstrip
should not cause any affect on surface water quality providing environmentally
conscious decisions are made during design for disposal of sewage and refuse,
control of runoff, and spill control if hazardous materials or liquids are to

be used or handled.

(iv) Decommissioning
A. Mine

Reclamation of Disturbed Areas

In the reclamation of the land area during and following mining, the application
of fertilizers will be required.33 The fertilizer recommended for use35 in this
application is a composite fertilizer of the formulation 20-24-15 applied at a
rate of 225 kg-ha'l. The loss of fertilizer due to ground water runoff can be
approximataly 17 percent for nitrogen and 2 percent for phosphorous.80 Based on
topography of the mine area, it may be anticipated that the majority of this runoff
will eventually enter Hat Creek. The two possible extremes that may occur in the re-

clamation program are:

(1) A single appliication of fertilizer at the time of the first seeding.
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(2) Annua] app]1cat1on of fertilizer over all reclaimed land. Experience
elsewrher'es'I indicates that annual fertilization may be required for
an indefinite period.

Based on these two cases and using the proposed reclamation plans provided in
the project description,the average annual fertilizer application for the vari-
ous stages of reclamation were calculated to be:

Single Fertilization Annual Ferti1ization

From startup to midpoint of mining 2,400 kg 20,300 kg
From midpoint to end of mine 13,100 kg 149,400 kg
From end of mine to 10 years after 54,900 kg 549,700 kg

82

The average flow rate of Hat Creek at the mouth based on existing flow data
is about 80,000 m>- ¢l Using this data the contribution from fertilizer to
the nitrogen and phosphorous levels in Hat Creek may then be calculated and

the percentage increase in these nutrients at various stages in the reclama-
tion program determined. The results of calculations of fertilizer application
for the two cases are shown in Table 6-26, and the potential addition of
nutrients to Hat Creek for these two cases is as shown in Table 6-27.

From this data it may be seen that fertilization could cause a significant increase
in the nutrient loading to Hat Creek even in the minimal case of a single applica~
tion of fertilizer, particularly in the last stage of reclamation. This increase
in nutrient loading will probably have the effect of markedly 1ncreasing plant

life in the creek to its eventual detriment,

With respect to the Bonaparte River, if a dilution effect of 6:1 is assumed,82
and using the base value of 0.27 mg/1 for nitrogen and 0,039 mg/1 for phosphor-

ous, the percentage increase on the base value for single fertilizer addition
during the period from end of mine to 10 years after would be 3.9 percent for nitro-
gen and 1.7 percent for phosphorous. It is not considered that this increase would
exert any noticeable effect on the Bonaparte River. In the case of annual addition,
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TABLE 6-26
CALCULATIONS OF FERTILIZER APPLICATIONS
Area(ha) Application (kg)

Year Average Per Year Total Average Per Year Total

SINGLE FERTILIZATION APPLICATION
. Startup To Midpoint

1-16 ' 10.7 170 2,400 38,400

Midpoint To End

17 - 32 53 932 13,100 209,300
. End To 10 Years Later

33 - 42 245 2,446 54,900 549,400

ANNUAL FERTILIZATION APPLICATION

Startup To Midpoint

1-16 90 170 20,300 325,900
. Midpoint To End

17 - 32 745 1,102 149,400 2,392,400
. End To 10 Years Later

33 - 42 7 2,448 3,549 549,700 5,497,900




TABLE 6-27
bEE!%lHATEB*NU¥R+EN?*ABB+¥+9N“¥0—HA¥"GREEK—FRBH—REGh&Mﬁ?+6N—FER¥+t+Ek?+6N'————————

Base Fertilizer % Increase
Period Value Addition Total on Base Value
From startup to
midpoint, of mining:
Single Addition
Nitrogen (N),mg/1 0.19 0.003 0.193 1.5
Phosphoraus (P) ,mgs/1 0.043 0.0002 0.043 0.4
Annual Addition
Nitrogen (N),mg/1 0.19 0.023 0.213 12.3
Phosphorous (P), mg/} 0.043 0.001 0.044 3.4
From midpoint to end of mine:
Single Addition
Nitrogen (N}, mg/] 0.19 0.015 0.205 7.9
Phosphorous (P),mg/1 0.043 0.001 0.044 2.2
Annual Addition
Nitrogen (N),mg/1 0.19 0.172 0.362 30
Phosphorus (P),mg/1 0.043 0.011 0.054 25
From end of mine to 10 vears after
Single Addition
Nitrogen (N),mg/1 0.19 0.063 0.253 33
Phosphorous (P),mg/! 0.943 0.004 0.048 9
Annual Addition
Nitrogen (N},mg/! 0.19 0.063 0.822 333
Phosphorous {(P),mg/1} 0.043 0.039 0.082 91




- -

however, the percentage increase on the base value would be 39 percent for nit-
rogen and 17 percent for phosphorous for the period from end of mine to 10 years
after. This amount of increase could be detrimental to the Bonaparte River and
if this pattern of fertilization was required, preventative measures would have
to be implemented.

With respect to the Thompson River, if a further dilution effect of 175:1 is
assumed, 3 and using the base value of 0.08 mg/l for nitrogen and 0.020 mg/l

for phosphorous, the percentage increase on the base value for annual fertilizer
addition during the period from end of mine to 10 years after would be 0.8 per-
cent far nitrogen and 0.2 percent for phosphorous. It is not considered that
this increase would exert any noticeable effect on the Thompson River.

Reclamation of the Pit

Reclamation of the pit would include recontouring of the pit slopes which will
improve stability, drainage and aesthetics in addition to providing a suitable
profile for a top dressing prior to revegetation activities. Exposed coal would
be covered with sterile material to prevent spontaneous combustion. Subsequent
to these preparations, the proposed strategy is to begin flooding of the pit with
excess Hat Creek water over a period which could Tast as Tong as 26 years. Once
the pit is filled to a predetermined level, all of Hat Creek would be redirected
through the newly formed lake with the overflow channelled back to its original
course downstream of the lake.

Creation of the lake is expected to have a positive effect on the physical water
quality in that the Take would cause Upper Hat Creek to deposit its entire sedi-
ment load at all times of the year. This has other consequences on downstream
Hat Creek stream morphology as discussed in Section 6.1 {(b). This impoundment
would increase water temperatures above normal temperatures in Hat Creek. Calcu-
lations were not made, but based on measurements of relevant surface water temp-
eratures, 78 the temperature of water leaving the flooded pit could be as high as
25°C. The impact on physical water quality is thus considered ambivalent overall.
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The effect of creating a lake on the chemical water quality is difficult to pre-
dict and it is recommended this aspect be studied further when more details are
known of the probable top dressing materials, Hater column studies should be
undertaken to help predict the dissolved solids leaching rates from the proposed
lake bottom sediments. Since the Take would be of substantial size and depth
(335 ha. and 120 meters deep), it may be subject to thermal stratification and

semi-annual turnover.83

The Take has the potential to be a "meromictic" lake, where a layer of water at
the bottom is stabilized by dissolved solids or even suspended matter causing

a permanent increase in density. This would be caused by leaching of dissolved
material from the bottom sediments and from highly saline ground waters entering
“the bottom of the lake. Lake Mahony, near Okanagan Falls, is an example of a
highly meromictic lake. The available leachate data on Hat Creek surficial and
waste rock is not directly applicable to making predictions in a lake situation.
If the lake were to be meromictic, this would be beneficial to water quality in
the upper levels as turnovers would not mix the high-density highly-saline bottom
waters with the remainder of the water column. Previous experience of flooding
a similar large open pit coal mine was not found in the literature. In the |
Estevan area of Saskatchewan, water bodies of about 36 ha and 6 meters deep have
been created within reclaimed coal mine spoil area584 and subsequently stocked
with rainbow trout with apparent success. Data was not reported on water quality
changes after flooding.

Runoff of nutrients from reclamation as indicated in the previous subsection will
raise the nitrogen and phosphorous levels depending on the degree of fertiliza-
tion. The project concentrations were 0.19 - 0.8 mg/1 for nitrogen and 0.043 -
0.082 mg/1 for phosphorous. These levels, even at the lowest values (existing
Hat Creek water quality), are in the range generally accepted as being able to
stimulate algae growth in Take waters (nitrogen above 0.1 mg/1 and phosphorous
above 0.01 mg/1).85
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In summary, from a water quality viewpoint, the impacts of the proposed pit re-
clamation plans are considered to be mainly negative. The proposal should be ex-
amined in a thorough ]imnological assessment which is considered beyond the scope
of this study.

Drainage Control

The plan to maintain creek diversions, drainage ditches and lagoons after phase
out of the mine, is considered beneficial. These facilities will contain run-
off and erosion, and minimize sediment losses.

Other Activities

Removal of mine infrastructure {buildings, conveyors, etc.} will undoubtedly
cause some short-term area disturbances which would be subject to erosion. The
impact of this decommissioning activity is considered minor negative. '

B. Plant

Reclamation of Disposal Areas

The impacts of reclamation of disposal areas associated with the power plant
would be the same as those discussed in Section 6.2 (b) (iv) A for reclamation
of mine waste disposal areas.

Drainage Control

Continued existence of drainage facilities is considered a beneficial impact as

these facilities will protect the integrity of waste dumps and control runoff
erosion.
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Other Activities

Minor impacts relating to sediment loss from short term area disturbances during
remval of plant infrastructure {(buildings, cooling towers, switchyard conveyors,
etc.) can be expected to occur. It is assumed that the water supply reservoir
would be left intact after phase out of the power plant, No interactions are
visualized if this is done. Because the drainage area above the reservoir is
minimal, this reservoir will eventually become dry through evaporation losses.

€. Offsites

Hat Creek Diversion

Decommissioning of Hat Creek diversion in association with creation of a lake in
the pit is considered to offer hoth beneficial and negative impacts. Physical
water quality in terms of temperature should improve somewhat over that which is
projected to occur in the diversion canal at low flow. In addition, the newly
created lake will reduce sediment load formerly carried in the canal from tribu-
tary streams (such as Medicine Creek and Houth Meadows area drainage). The chem-
ical water Quality impacts associated with decommissioning of the diversion are
considered negative. This is due to the potential degradation of Hat Creek chem-
ical water quality in passing through the lake as discussed previously. Contin-
ued existence of the reservoirs associated with the diversion (in Upper Hat Creek)
is considered an ambivalent impact (both positive and negative effects). The re-
servoirs will reduce sediment levels in Hat Creek which is considered beneficial,
while they will continue to cause water temperatures in the summer at higher
levels than occur in the natural creek,

Cooling Water Supply System

Decommissioning of the water supply system is considered to have minor beneficial
implications on water quality. Phase out will mean no further discharges of water
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treatment plant sludge to the Thampson River. In addition, the need of emergency
drainages from the pipeline to both the Cornwall Creek and Bonaparte River will
cease to exist. It is assumed that the pipeline itself would be Teft in place.

Other Activities

Significant impacts on water quality from decormissioning of 60 kV transmission
lines and the offloading facilities are not visualized. The access road and air-
port are assumed to remain intact.

(v} Qverall Impact Assessment

A. Preliminary Site Development

The activities during this stage of the project which could have affected surface
water quality were the Bulk Sample Program, exploratory drilling, and access

road construction. Surface water quality monitoring during this period has
indicated a minimal effect on water quality. Should the project not proceed,
reclamation would be implemented and thus no long-term impacts are foreseen.
Thus, the impact on surface water quality at this stage is insignificant.

B. Construction

The main impacts to the surface water quality during construction of the mine
will bhe:

1. An increase in the levels of non-filtrable residue and turbidity due to
increased erosion caused by removing or destroying existing vegetative and
soil cover.

2. An increase in the levels of filtrable residue, nutrients and colour due
to pit dewatering activities.
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The main source of possible impact to the surface water during construction of
the plant and the offsite facilities will be i{ncreased non-fi{ltrable residue and
turbidity caused by erosion and precipitation washout of fugitive dust as a re-
sult of the clearing, stripping, etc., associated with construction activity.

The effect of this will be controlled by collection of runoff and treatment in
settling basins., The other source of possible impact during construction of

the plant would be sewage from the shops, office and construction warehouses.
This should be treated by total containment in an aercbic lagoon with ultimate

disposal by evaporation, possibly coupled with irrigation. Provided regula-
tory levels for point source discharges and receiving streams are met, the

impact on water quality would be minor.

C. Operation

The main impacts to surface water during operation of the mine and plant will be
from:

1. Disposal of mine water from pit area dewatering.

2. Seepage and runoff from the Houth Meadows and Medicine Creek waste disposal
areas.

3. Increased temperature in Hat Creek within the diversion canal during summer
periods of Tow flow.

4. Sediment loss from intervening disturbed areas and fugitive dust precipita-
tion washout.

5. HNutrient loss from fertilization activities during reclamation.

6. Dissolved solids Toss to runoff via surface leaching of disturbed areas.

It is assumed that due to the probable Tow quality leachate and runoff from the
coal pile, low grade waste dump and Teachate from the ash disposal areas, these
sources of contamination will not be discharged to the Hat Creek surface water
streams.
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In order to project a probable maximum change in quality of Hat Creek water
after the development is in place and operating, a water quality balance was

made of the main discharges to Hat Creek.

A period of summer Tow flow has

been assumed when the dilution effect is minimum; surface runoff is negligible;
mine water from dewatering and waste dump surface seepages are at a maximum.
‘Minor ground water subsurface flows from waste dump areas which eventually
reach Hat Creek, as discussed in Section 6.1 (a), are not considered in the
water quality balance. The discharges considered in this case were as follows:

Q; Mine Water 0.030 m s}
Q, Houth Meadows Dump Seepage 0.017 mows™
Q, Medicine Creek Dump Seepage 0.023 m>s~!
Q, Hat Creek Discharge 0.12 m> 571

Qq Total Discharge 0.19 m3-s'1

In order to derive the resultant concentration of any water quality parameter in
the final combined flow downstream of all discharges, the following water quality
balance formula was utilized:

Q G+ QG +Q3C3+Q Gy

i

where Cl - C4 = Tevels of the parameters in component
discharges
€ = level in the combined discharge.

In the case of the foregoing scenario, this formula can be transposed into the
following:

(0.158 QT)(?1 +(0.089 QT)g§—+ (0.121 QT)C§7+ (0.632 QT)C4
T

The quality of various component project related discharges utilized were those
projected previously in Tables 6-9 and §-25 adjusted as follows:
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Those parameters, excepting sulphate, which exceeded the current regulatory
Level 'A' Objectives were reduced to the Objective Tevel to simulate the
result of treatment prior to discharge. Based on available data, the level

of sulphate to be expected from the ground water within the coal seam could be
about 260 mg/1. It can thus be expected that whenever the proportion of ground
water from dewatering wells within the coal seam is greater than about 15
percent of the total water from dewatering activities, the sulphate level in
this discharge will exceed the Level 'A' Objective of 50 mg/1. Since there

is not a cost effective technology avajlable for removing sulphate plus the
fact that this objective is under review (see Table 6-21), the sulphate levels
in the relevant discharge to Hat Creek were not assumed to be altered by any
treatment. It is assumed that cost effective treatment is available to meet
Level 'A' Objectives for all other parameters. This may or may not be the
case however, and treatability studies will be necessary as recommended in
Section 8.2 (b).

The quality of the discharge was averaged where necessary. For instance, the
quality of the Medicine Creek seepage is assumed to be the average of that
produced by Overburden 76-1 and 76-13 of Table 6-9, Likewise, the quality
of the mine water is assumed to be the average of Well RH 76-19 (Surficials)
and Bucket Auger Hole #7 {Coal Seam) of Tables C1-16 and Cl-17. This latter
assumption would represent the worst case because on average the quantity of

coal seam water would be considerably less than the amount of water removed
from the surficials. '

The level of suspended solids after treatment is assumed to be less than or
equal to Level 'A' requirement of 50 mg/1.

The maximum temperature is that value projectad to occur in the diversion canal.

The nutrient levels are those values projected to result from reclama-
tion fertilization on an annual basis, plus contributions from seepage

and mine waters to be discharged to Hat Creek. It does not include any
contribution from blasting residuals.
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The water quality of Hat Creek utilized was that established in the Inventory
as the mean as shown in Table 4-16. The resulting water quality derived
from this balance is given in Table 6-28 for pertinent parameters.

The results indicate a substantial increase can be expected in the salinity
of Hat Creek water {90 percent increase in dissolved solids level}. The

sum of inorganic ions does not balance with the projected filterable residue
because the filterable residue includes the volatile fraction from the
leachate data utilized. Increases are also projected in the alkalinity,
sodium and chloride levels. The increase in levels of dissolved trace metals
varies from nil to about a sixteen-fold increase in zinc. With the exception
of dissolved solids, temperature, arsenic, chromium, copper, iron, and

lead, al) other parameters remain within the Objective Level of Recommended
Limits for Drinking Water as listed in Table 4-12.

The increase in dissolved solids by more than one~third of the natural

value may present problems to aquatic !ifegs. The level of arsenic projected
exceeds the acceptable levels of 0.01 mg/1 but would still be considerably
lower than the maximum permissible level of 0.05 mg/1. The'projected levels
of chromium, copper, iron, and lead, however, would remain below the accept-
able limits. Temperature of the water will pose a severe problem to exist-
ing fisheries resources and would also be above the level deemed maximum
acceptable for drinking water purposes (15°C). The projected Tevel of
suspended solids is such that the corresponding turbidity (from Figure

4-44) will be about 7 NTU which is somewhat above the acceptable level

of 5 NTU. This factor indicates treatment for turbidity removal may be re-
quired at times by any downstream Hat Creek domestic water users.

Predictions have not been made for BOD5 or dissolved oxygen levels because BOD5
load projections from component discharges based on existing data are not con-
sidered reliable. If further testing indicates that the Boosioad is above about
50 kg« day'l. biological treatment may be required to maintain adequate D.0.
levels in Lower Hat Creek.
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Parameters (mg/1)

pH (units)
Temperature (°C)
Suspended Solids
Filterable Residue

Total Hardness {as CaCO3)

Alkalinity (as CaC03)
Chloride

Fluoride

Total Nitrogen - N
Phosphorus - P
Sulphate

Arsenic

Boron

Cadmium

Calcium (as CaC03)‘
Chromium

Copper

Iron

Lead

Magnesium (as CaCO3)
Mercury

Sodium

Vanadium

Zinc

Projected

<

AA A

<

<

<

<

A

A

A

TABLE 6-28
COMPARISON OF PROJECTED WATER QUALITY AND
EXISTING WATER QUALITY IN HAT CREEK

8.2
40
22
642
197
305
6.2
0.15
3.61
0.096
60
0.013
0.10
0.005
118
0.018
0.015
0.092
¢.013
75
0.0005
72
0.013
0.1

Existing
8.4
24

6
342
224
226

1.1
0.16
0.19
0.043
54

< 0.005

< 0.10

< 0.005

143

0.010

0.005

0.026

< 0.010

77

0.0004

20

0.005

0.007

AA

A

A

A

A




The projected levels of the nutrients nitrogen and phosphorus indicate a sig-
nificant increase can be expected. The mine water and waste dump seepages con-
tribute a major portion of the projected increases. The projected levels are
considerably in excess of those generally accepted as being able to stimulate
algae growthas.

With the exception of the periods where the available di]ution in the Bonaparte
River is low, the impact of changes in the Hat Creek water quality will

have an insignificant effect on the Bonaparte River. During low flow the

level of dissolved solids may increase by 10 to 20 percent. The nutrient
Tevels may also increase significantly during this period. Total nitrogen
levels may increase from about 0.3 mg/1 to upwards of 0.8 to 0.9 mg/1 whereas
phosphorus levels could increase to 0.048 mg/1 from the existing mean of

0.039 mg/1. As with Hat Creek these nutrient additions may foster some in-
creased algae growth.

Studies by others on water quality effects of surface mining operations offer
some information for comparative purposes for parameters such as dissolved solids
and sediment yields.

McWhorter, D.B..gg_glgs found that the equivalent dissolved soiids from disturbed
areas of a Colorado coal mining operation was 6.5 times as great as from undisturbed
areas, and that about 99 percent of the annual pickup was attributable to ground
water runoffs (mine and dump seepages etc.). As indicated in Section 4.2 (b), the
existing dissolved solids yield on average in Hat Creek ranges from 12-14 t-hn-%,yr-l.
If the yield from disturbed areas of the project (about 35 kmz) were 6.5 times

higher or about 85 t-km-zoyrrl, the projected yield of dissolved salids from the
total Hat Creek Valley would be about 16.8 t-km'% yr’l, or an increase of about

30 percent on an average annual basis.

The literature contains information on the sediment yield that can be expected
from surface mining operations. A document developed by the U.S. Environmental
Protection Agencyzo, states that 17,000 1‘.-km'2-y!r"'1 is representative of the rate
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of erosion from active surface mines in eastern United States. Further, the
document lists rates of erosion from spoil banks and hau! roads at 9,600 t-km'%
yr'l and 20,400 tokm'z.yr'1 based on experience in the eastern U.S. Appalachia

area. These values are stated as rates of erosion approximately 970 to 2,070

87 reported on the projections

times that from unmined-undisturbed areas, Steele
of sediment loss made in environmental assessments of coal developments in Colorado.
The assessment estimated about 20 percent of the sediment load generated by the
development would be discharged to stream systems. Over a 15 year period the
residual sediment loss was projected at about 30 t-km"z-yr"1 or about three times
the pre-development level on a 100 km2 development. James 33_31?3 states

the generation of water-borne sediment from surface Colorado coal mining opera-
tions without reclamation and sediment control facilities, would be about 30,000
t-.yr-'l per million tonnes of coal mined.

Information on the rates of residual sediment and dissolved solids yield from

surface mining in B.C. is very sparse. The Ministry of the Environmentag, has

not studied the surface mining operations in the Highland Valley or the Kootenays
with a view to providing data amenable to predictive assessments for new mines.

In the case of the Hat Creek development, about 35 km2 will be disturbed and the

annual coal production will be about 11 x 106 t-yr-l. As indicated in the In-

ventory Section 4.2 (b), the existing mean annual sediment yield in Hat Creek is
about 5.6 t-km'z-yr'l.
disturbed area of three times the existing mean annual or 17 t-km™
35 km?, the development could be expected to cause a total residual sediment of
390 t:-yr"'1 to enter the water course. This would represent a sediment yield
increase from the total Hat Creek drainage basin (660 ka) of about 0.6 t-km'% yr-
or an increase of 1l percent on an annual basis. This increase is considered

to be a minor negative effect.

Utilizing a projected residual sediment yield from the
z.yr'l on

1
The projected increase in dissolved solids and sediment loss from Hat Creek

(2,500 t-yr'1 and 390 t-yr'1 respectively) would cause increases in the mean
annual dissolved solids and sediment yield in the Bonaparte River of about 6
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percent. This increase is considered a minor negative effect unlikely to
cause any impact on stream values. Considering the dilution potential avail-
able in the Thompson River, water quality changes in the Thompson River will

be insignificant.

The Hat Creek development would result in a substantial increase in the population
of the village of Cache Creek and Ashcroft. Providing treatment facilities were
expanded, the impact of the additional sewage on the Bonaparte and Thompson Rivers
would 1ikely be minimal. '

0. Decommissioning

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

1, Nutrient loss to Hat Creek and to the proposed pit lake, resulting in possibie
fostering of algae and sutrophication effects.

2. Potential degradation of Hat Creek water quality upon passing through the pit
Take. In addition, Hat Creek would have a considerably reduced flow for an
extended period of time during filling of the pit. This flow reduction
reduces the capacity of Lower Hat Creek to assimilate runoff residuals.

3. Reclamation of remaining disturbed areas will be a2 major positive impact in
reducing water-borne sediment and dissolved solids leachates residuals
reaching the surface water systems.
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6.3  WATER USE

(a) Ground Water

(i) Preliminary Site Development

A. Mine

The exploration camp well would be the only new ground water source. This
would be classified as a minor municipa) impact on ground water use.

B. Plant

No wells would be drilled and there are no existing ground water users in
the vicinity of the plant. Hence, there would be no impact on ground water
use.

C. Offsites

No wells would be drilled and existing ground water users would not be
disturbed. Hence, there would be no impact on ground water use.

(ii} Construction
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A. Mine

All existing domestic wells and developed springs within the pit perimeter
would be abandoned. These would include DOW-1, DW-2, DW-3, DW-4 and DW-14,
(see locations in Figure 3-4). The estimated total pumpage from these five
ground water sources is 16 m3/d. The proposed water wells supplying

the offices and warehouses, and the mine and pilant construction camps would
be the only new wells in the area. The estimated maximum water requirement
for the mine camp is 100 m3/d and mine offices and warehouses is

between 20 to 136 m3/d. These flows are all small in comparison to

aquifer flows and hence minor negative impacts would result.

B. Plant

As discussed earlier the water supply to the plant construction camp would
use about 228 m3/d from a well. An additional 1,096 m3/d would be
required for a concrete batch piant, workshops and warehouses. The total
requirement of 1,324 m3/d would probably have to be obtained from a

well or wells located at the buried bedrock valley aquifer. This water
requirement represents 26 percent of the flow in this agquifer, The ground
water use would increase from no usage at the present to 1324 m3/d.

This represents a major impact on ground water use.

C. QOffsites

The offsite activities do not require the use of ground water. There are
no wells which are presently located close to the diversion canal and dam
that would have to be abandoned. Hence there would be no impact on ground
water usage.
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iii) Operation

Some ground water may be used to supply water for irrigation of revegetated
areas in waste dumps. Some of this water could be supplied from the pit
area dewatering wells. However, some additional wells could be developed
as reyuired and would cause an impact ranging from minor to significant.

iv) Decommissioning

The same comments as given in operation {see previous Section 1i1) would
apply.

v} Overall Impact Assessment

Domestic:

The current domestic water consumption of about 30 m3/d would be
reduced by about half. The proposed development will have no impact on the

gquantities of ground water presently being used by residents either
upstream or downstream of the study area,

Municipal:

The construction camps would use a maximum of about 328 m3/d of ground
water for about five years only.
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Industrial:

The present ground water use is about 125 m3/d which is usa2d as wash
water at a limestone quarry. With water required for concrate batch
plants, warehouses, workshops and other facilities, the total industrial
usage could increase to about 1,357 m3/d. ‘

Irrigation:
Ground water is not presently beinj used for irrigation in the valley.

Many of the pit ares Jewaterinyg we'ls plus some additional wells could
be used to irrigate vegetated waste dump areas.

The total ground water use would increase during the construction period
from the present estimated 155 ma/d to about 2,500 ma/d. The maximum
figure would depend on the amount of irrigation water that would be
supplied from water wells. Some of the irrigation water could possibly

be supplied from the dewatering wells around the pit perimeter. However,
the maximum ground water usage without irrigation would be about 1,700 m3/d
and represents a moderate impact on the total ground water available.

The three major aquifers (Marble Canyon, Buried Bedrock Channel and Alluvial)
have a combined potential ground water yield of about 4,700 m3/d. This
assumes that half the combined aguifer flows can be intercepted by water
wells. ’

Thus, the proposed ground water usage required for the project at the
end of the construction period and excluding irrigation requirements
would be about 36 percent of the available ground water. This is a mod-
erate impact on water usage.
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(b) Surface Water
(i) Preliminary Site Deve lopment

A. Mine, Plant and Offsites

The preliminary site development will have no significant affect on surface

water usage.
(1) Construction

A. Mine, Plant and Offsites

Irrigation
The quantities of irrigation water use affected by alienation of irrigable
land by the construction of the mine, plant, and offsite facilities are tab-
ulated in Table 6-29. Activities of the base project scheme would alienate
a total of 273 ha (675 ac) of lands projected as being irrigated in the future
(probable use) without the project.. The quantity of irrigation water associated

. with these lands is 156.5 ha-m {1268 ac-ft). The large majority of this water

use, 147 ha-m (1190 ac-ft ) is located in Subregion II of the Hat Creek drain-
age basin (Figure 4-48) and represents about 53 percent of the total probable
water use projected for this subregion (Table 5-5). The remaining alienation
of irrigation water use occurs in the Cornwall drainage study area - 7 ha-m
(57 ac-ft ), and the lower Bonaparte drainage study area - 3 ha-m {24 ac-ft ).
Included in water use alienation is 45 ha (111 ac) of land that is presently
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TABLE 6-29

TRRIGATION WATER USE IMPACTS

DUE

TO PROJECT CONSTRUCTION

Impact of Land Ali{enation

water Use Project Area Water Quantity,
Category Activity (ha} {ha-m~-yr~1)
Base Project Scheme:
Presently Mine 12.5 8.3
[rrigated Plant 16.2 10.7
Land Offsites 16.6 13.8
Sub Total 45.3 32.8
Projectaed Mine 113.0 74.6
Irrigatad Plant - -
Carn Qffsites 61.5 40.6
Sub Total 174.9% 115.2
Projected Mine 47.7 7.6
lrrigated Plant - -
Spring Qffsitas 5.7 0.9
Pasture Sub Total 53.4 8.5
Total Mine 173.2 90,5
Projected PYlant 16.2 10.7
Use Offsites 83.8 5.1
Total 273.2 56.5
Alternate Schemes;
Presently
Irrigated Offsites 105.0 78.0
Land

Other Impacts
e 3

Water Quantity
Water Use Category Project Activity {ha-m-yr~1)
Loss of 2resent Storage Finney Lake Dewatering 12
Conveyance Disruption Finney Creek Oiversion 12*
Hat Creek Diversion 23
Total 47

* axcludes 12 ha-m-yr ! of use lost due to Finney Lake dawatering.




A1l sources such as these must eventually be carefully consjdered by the design~
ers in the water balance of the power plant, otherwise an excess of water results.
Disposal methods such as evaporator trains’2:73 gp direct discharge to the sur-
face water environment may then be necessary.

Particulate and sulphur dioxide emissions from the power plant have been estimated
by others?® to be 79 x‘103 tonnes and 9.7 x 103 tonnes per year, respectively.

The impact of particulate fallout in the Hat Creek watershed and of any sulphur
dioxide acid rain potential is not addressed in this assessment. There will un-
doubtedly be an increase in the dustfall level in the valley from particulate

emi tted by the plant. Some of this will fall directly on water bodies and a

portion of the remainder will be subject to washout by precipitation and snow-
melt.

Other Activities

Operation of creek diversions around the ash disposal site can be expected to
contribute some sediment loss to the runoff during spring freshet. The Tevels
of sediment are not predictable and are flow and velocity dependent. It will
be important to ensure sediment losses are low during nonfreshet conditions

as it is during this period that Hat Creek will be most susceptible and have
the least sediment carrying capacity.

Reclamation during the operation phase of the power plant would be carried out
on the retaining embankment faces and dry ash dumps {should this alternate be
selected). This activity will produce a positive impact on water quality by
reducing disturbed areas. Addition of fertilizers however, can be expected to
contribute some nutrient loss to the watershed. Nutrient loss during reclama-
tion is discussed in more detail in Section 6.2 (b) {iv).
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C. Offsites
_ Hat Creek Diversion
- Canal and Reservoir Temperature Predictions
- Information available on normal water temperatures in Hat Creek is restricted
- to a limited number of spot checks at two station574. In mid-summer, the water
. temperature at Station 08LF061, near the proposed mine, is usually between 10%
- and 15°C. The highest observed water temperature at this sampling station is
18°C, with a corresponding fiow of 0,11 m3.s'1. Further downstream at Station
- 03LF015, near the Bonaparte River, mid-summer temperatures in Hat Creek are
usually between 15°C and 20°C, the highest observed temperature being 24°C,
The diversion of Hat Creek would raise water temperatures because the surface
o area exposed to solar radiation would increase significantly. Methods available
for predicting temperature changes in running and standing waters are approxi-
| - mate and have many deficiencies. HNonetheless, estimates were made of the maxi-
- mur water temperatures expected at the downstream end of the diversion canal
, on & clear, hot, humid, still, mid-summer day, for two situations. The first
- situation, referred to as the base case, involves a 7.3 ha reservoir with a
maximum storage of about 220,000 m3 and no flow regulation. Downstream of the
- reservoir is a 7,000 m diversion canal, followed by a 2100 m discharge conduit.
The canal considered was that proposed in the September 1977 Hat Creek Project
- Description: a trapezoidal canal with a 3.7 m base. The second situation, re-
ferred to as the water supply alternate, involves addition of a 120 ha reservoir
. upstream from the 7.3 ha reservoir. This large reservoir would have a sufficient
- storage to maintain a minimum flow of 0,23 mq s'1 in the diversion canal and pro-
vide an average flow of 0,45 m3-s"1 for water supply.
a

Predictions of water temperature were based on a method outlined by Velz and
- Gannon75 with appropriate modifications. The calculations considered solar
insolation, radiation from the water to the atmosphere, convective heat
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transfer between the water and the air, and evaporation from the water surface.
In absence of required information, it was necessary to make several assumptions,
some af which are important to the results of the calculations:

Water could také six hours to travel the length of the diversion channel
(7000 m).

Mo conductive heat transfer between the water and the channel bed. In real-
ity, heat would be transferred from the water to the channel bed during the

warmer part of the day, and in the opposite direction at other times.76

Mo shading of the diversion channel by trees or topography between 9 a.m,
and 3 p.m. solar time.

90 percent of incident solar radiation absorbed by the water, the balance being
refiected at the water surface. At a flow of about 0.1 ms's'l, the water

depth in the diversion canal would be about 10 cm, This shallow water depth
may resuit in a reduced level of solar energy absorption because some of

the radiation would be reflected off the channel bottom.77

Harry, Finney, Lloyd and Ambusten Creeks would be dry and the flow in
Medicine Creek would be 0.003 m3-s'1, at 14°C. Flow from the pit rim

reservoir would be insignificant.

Meteorological conditions:

{a) Solar radiation incident on a horizontal surface varying from 3.27
Ma-hr L m2 at noon to 2.55 Mi-hr-L m™2 three hours before and after noon.
(b) Air temperature varying from 15%C at 9 a.m. to 35°C at 3 p.m,

{c) Absolute humidity (partial pressure of water vapour) 13.5 mm Hg from
9 a.m. to 3 p.m.
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(d) Wind speed varying from 6.4 km-hr = at 9 a.m, to 1.6 km-hr"1 at 3 p.m.

These conditions are considered extremes for the area.
For the base case, a flow of 0.12 m3-s' was used for temperature calculations
in the diversion channel, This flow is the two-year-return flow at Station
08LFO61 on Hat Creek. At this flow, the water temperature at the end of the
diversion channel was calculated as about 40°C, almost "independent of the water
temperature at the beginning of the channel., At 40°C, the water in the channel
would be close to thermal equilibrium with the prevailing environmental condi-

1

tions.

For the water supply alternative, the water temperature at the end of the diver-
sion channel could be as high as 35°C, based on a flow of 0.23 m3-s"1 and a
temperature of 20°C. at the beginning of the channel,

Since the calculated increases in water temperature in the diversion channel
were considerable, no effort was made to estimate the effects of the impound-
ments on water temperature. However, surface water temperatures in lakes,
creeks and canals in the interior of British Columbia seldom exceed 25%¢. 7%
Therefore, 25°C would likely be the maximum temperature expected for water
leaving either of the two proposed reservoirs. I[f the diversion design was
altered to reduce water temperature increases to minimum levels, a more serious
examination of the effect of any impoundments on water temperature would be
warranted.

Mid-summer water temperatures in an evaporation pan at Summer'land78 have been in
the range of 32° - 35°C on several cccasions and the maximum observed temperature
in recent years is 37°C, Although the water in the pan is stagnant, the informa-
tion indicates that the calculated temperatures of 40%C and 35°C, at the end of
the diversion channel, are realistic as potential maximums.
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Temperatures in Hat Creek below the diversions would 1ikely be less than the
temperature in the diversion channel, for several reasons:

(a) There would be some evaporative cooling in the plunge pool at the bottom of
the discharge conduit.

(b) Tributaries to Hat Creek would bring some cooler water to be mixed with up-
stream water,

(c) Evaporative cooling and back radiation would be more significant relative
to solar insolation than was the case in the diversion channel.

It is difficult to quantify these effects so it must be assumed, as a worse case,
that water temperatures of 40°C or 35°C could persist in Hat Creek down to the
confluence with the Bonaparte River.

The ten-year-return flow in the Bonaparte River is about 5.5 m?’--s'1 and the mid-
summer water temperature at the confluence with Hat Creek could be as high as
20°C. Even if the temperature of water from Hat Creek were increased to 40°C,

the temperature in the Bonaparte River would increase by only 0.5°F, at low
flow.

The preferable water temperature for rainbow trout is 13°C and temperatures of
about 25°C are lethal.l For common white suckers, the Tethal temperature is
about 31°C. Therefore, it is possible that diversion of Hat Creek through the
proposed channel could make mid-summer water temperatures in the lower part of
Hat Creek unsuitable for fish 1ife. Furthermore, mid-summer water temperatures
would be well in excess of the 15°C maximum temperature recommended for drinking
water supplies,79 Khile the calculations were approximate, it appears that the
diversion of Hat Creek, as planned, would significantly raise the summer water
temperatures in the lower part of Hat Creek, The high temperatures in Hat Creek
would have minimal impact on the temperature of the Bonaparte River. Further
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study would be warranted to improve the reliability of the temperature predic-
tions and to investigate methods to minimize water temperature increases in
Tawer Hat Creek.

Hat Creek Diversion
Supersaturation of Nitrogen Gas in Lower Hat Creek

The diversion scheme proposed in the September 1977 Hat Creek Project Descrip-
tions could result in supersaturation of nitrogen gas in the downstream waters
of Hat Creek. Such supersaturation would represent a threat to fish.

Nitrogen supersaturation could result from both temperature increases in the
diversion canal and the discharge of diverted waters from the conduit into a
plunge pool.

Mid-summer increases in water temperature in the diversion canal would decrease
the saturation concentration for nitrogen. Supersaturation of nitrogen would
result and if the supersaturated gas did not transfer out of the water fast
enough, the extent of nitrogen supersaturation in downstream Hat Creek waters
could be significant. For example, if water saturated with nitrogen at 15%¢
was heated to 40°C, with no release of nitrogen gas, nitrogen concentrations

of 140 percent of saturation would result.

When water is discharged into a plunge pool, there is considerable turbulence.

As a result, air is entrained in the water and taken to various depths, where

the increased pressure forces more nitrogen into solution than would be the

case at the water surface. When the water returns to a point closer to the

surface, the nitrogen concentrations in the water could be as much as 140 percent of
those corresponding to saturation at the water surface. If the water were
discharged, instead, into a stilling basin the potential for causing nitrogen
supersaturation would be reduced but it would still exist, especially if water

in the basin was reasonably deep and there was considerable turbulence.
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The simplified examples illustrate that a more extensive examination of the
problem appears warranted.

To avoid nitrogen supersaturation from the discharge of the diverted water, a
long rock-covered slope resembling a steep creek bed is suggested. The system
would be designed such that the kinetic energy of the diversion water couid be
dissipated on the rocks, with no pools or significant depth. The system would
provide turbulent contact of the water with the surrounding atmosphere. As

a result, any nitrogen supersaturation from the temperature increases in the
channel would tend to be reduced by the enhancement of the transfer of nitrogen
from the water to the air. Also, evaporative cooling would be enhanced, thereby
reducing water temperature. The system would have to be designed to avoid
erosion and to minimize problems associated with icing in the winter.

Main Access Road

The only water quality concerns relating to operation of the access road would
be minor sediment loss from runoff concentration in ditches channeled into
Cornwall Creek and possible excessive use of deicing products near creek cross-
ings. MNeither of these interactions are gquantifiable but are considered minor
negative potential impacts.

Cooling Water Supply System

Discharge of water treatment ¢larification plant sludge blowdown to the Thampson
River will cause minor localized turbidity. The discharge point should be se-
lected with care to avoid interaction with other intakes downstream and also to
ensure acceptability by regulatory agencies concerned with fish spawning and
rearing areas especially if in the future coaqulants are found necessary at
certain times of the year.

Discharge of pipeline drainage to Cornwall Creek and the Bonaparte River are
proposed during line maintenance procedures. For discharge into Cornwall Creek
it will be necessary to establish a controlled drainage rate below which turbid-

6 - 114



ity levels do not disturb downstream domestic water users. Discharge to the
Bonaparte River at too large a rate during salmon migration may cause fish dis-
orientation problems. The project description indicates some chlorination for
control of bacterial growth in the pipeline may be necessary. It is unlikely

that the level of chlorine would be very high, however discharge of any chlorinated
water may be objectiocnable from a fisheries viewpoint. Fisheries requiatory -
agencies should be consulted on both of these issues.

0ffloading Facility And Airport

Operation of the offloading facility (not yet Tocated) and the proposed airstrip
should not cause any affect on surface water quality providing environmentally
conscious decisions are made during design for disposal of sewage and refuse,
control of runoff, and spill control if hazardous materials or liquids are to

be used or handled.

(iv) Decommissioning
A. Mine

Recltamation of Disturbed Areas

In the reclamation of the land area during and following mining, the appliication
of fertilizers will be required.33 The fertilizer recommended for use35 in this
application is a composite fertilizer of the formulation 20-24-15 applied at a
rate of 225 kg-ha“l. The loss of fertilizer due to ground water runoff can be
approximately 17 percent for nitrogen and 2 percent for phosphorous.80 Based on
topography of the mine area, it may be anticipated that the majority of this runoff
will eventually enter Hat Creek. The two possible extremes that may occur in the re-

clamation program are:

(1) A single application of fertilizer at the time of the first seeding.
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(2) Annual application of fertilizer over all reclaimed land. Experiénce
e1sewhere8] indicates that annual fertilization may be required for
an indefinite period.

Based on these two cases and using the proposed reclamation plans provided in
the project description,the average annual fertilizer application for the vari-
ous stages of reclamation were calculated to be:

Single Fertilization Annual Fertilization

From startup to midpoint of mining 2,400 kg 20,300 kg
From midpoint to end of mine 13,100 kg 149,400 kg
From end of mine to 10 years after 54,900 kg 549,700 kg

82

The average flow rate of Hat Creek at the mouth based on existing flow data
is about 80,000 m>- d”'. Using this data the contribution from fertilizer to
the nitrogen and phosphorous levels in Hat Creek may then be calculated and

the percentage increase in these nutrients at various stages in the reclama-
tion program determined. The results of calculations of fertilizer application
for the two cases are shown in Table 6-26, and the potential addition of

nutr}ents to Hat Creek for these two cases is as shown in Table 6§-27.

From this data it may be seen that fertilization could cause a significant increase
in the nutrient Toading to Hat Creek even in the minimal case of a single applica-
tion of fertilizer, particularly in the last stage of reclamation. This increase
in nutrient loading will probably have the effect of markedly increasing plant

life in the creek to its eventual detriment.

With respect to the Bonaparte River, if a dilution effect of 6:1 is assumed,82
and using the base value of 0.27 mg/1 for nitrogen and 0.039 mg/1 for phosphor-

ous, the percentage increase on the base value for single fertilizer addition
during the period from end of mine to 10 years after would be 3.9 percent for nitro-
gen and 1.7 percent for phosphorous. It is not considered that this increase would
exert any noticeable effect on the Bonaparte River. In the case of annual addition,
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1.

2.

Application (kg)

Average Per Year

2,400

13,100

54,900

20,300

149,400
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TABLE 6-26
CALCULATIONS OF FERTILIZER APPLICATIONS
Area(ha)
Year Average Per Year Total
SINGLE FERTILIZATION APPLICATIQOH
Startup To Midpoint
1-~-16 10.7 170
. Midpoint To End
17 - 32 58 932
. End To 10 Years Later
33 - 42 245 2,445
ANMUAL FERTILIZATION APPLICATION
Startup To Midpoint
1-16 80 170
Midpoint To End
17 - 32 ‘ 745 1,102
. End To 10 Years Later
33 - 42 2,448 3,549

549,700

Total

38,400

209,300

549,400

325,900

2,392,400

5,497,900




TABLE 6-27

ga '
ESTIMATED NUTRIENT ADDITION TO HAT CREEK FROM RECLAMATHON FERTHLIZATION —

Base Fertilizer % Increase
Period Value Addition Total on Base Value
From startup to
midpoint of mining:
Single Addition
Nitrogen (N),mg/1 0.19 0.003 0.193 1.5
Phosphorous (P},mg/1 0.043 0.0002 0.043 0.4
Annual Addition
Nitrogen (N),mg/1 0.19 0.023 0.213 12.3
Phosphorous (P), mg/] 0.043 0.001 0. 044 3.4

From midpoint to end of mine:

Single Addition

Nitrogen (N),mg/} 0.19 0.015 0.205 7.
Phosphorous (P),mq/} 0.043 0.001 0.044 2

[ N

Annual Addition

Nitrogen (N),mg/1 0.19 0.172 0.362 90
Phosphorus (P),mg/1 0.043 0.011 0.054 25

From end of mine to 10 years after

Single Addition

Nitrogen (N),mg/1 0.19 0.063 0.253 33

Phosphorous {P),mg/1 0.043 0.004 0.048 9
Annual Addition

Nitrogen (N),mg/} 0.19 0.063 0.822 333

Phosphorous (P),mg/1 0.043 0.039 0.082 91




however, the percentage increase on the base value would be 39 percent for nit-
rogen and 17 percent for phosphorous for the period from end of mine to 10 years
after. This amount of increase could be detrimental to the Boraparte River and
if this pattern of fertilization was required, preventative measures would have
to be implemented.

With respect to the Thompson River, if a further dilution effect of 175:1 is
assumed,32 and using the base value of 0.08 mg/1l for nitrogen and 0.020 mg/1

for phosphorous, the percentage increase on the base value for annual fertiiizer
addition during the period from end of mine to 10 years after would be 0.8 per-
cent for nitrogen and 0.2 percent for phosphorous. It is not considered that
this increase would exert any noticeable effect on the Thompson River.

‘Reclamation of the Pit

Reclamation of the pit would include recontouring of the pit slopes which will
improve stability, drainage and aesthetics in addition to providing a suitable
profile for a top dressing prior to revegetation activities. Exposed coal would
be covered with sterile material to prevent spontaneous combustion. Subsequent
to these preparations, the proposed strategy is to begin flooding of the pit with
excess Hat Creek water over a period which could Tast as long as 26 years. Once
the pit is filled to a predetermined level, all of Hat Creek would be redirected

through the newly formed lake with the overflow channelled back to its original
course downstream of the lake.

Creation of the lake is expected to have a positive effect on the physical water
quality in that the lake would cause Upper Hat Creek to deposit its entire sedi-
ment load at all times of the year. This has other consequences on downstream
Hat Creek stream morphology as discussed in Section 6.1 (b). This impoundment
would increase water temperatures above normal temperatures in Hat Creek. Calcu-
lations were not made, but based on measurements of relevant surface water temp-
eratures,74 the temperature of water leaving the flooded pit could be as high as
25°C. The impact on physical water quality is thus considered ambivalent overall.
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The effect of creating a lake aon the chemical water quality is difficult to pre-
dict and it is recommended this aspect be studied further when more details are
known of the probable top dressing materials, Water column studies should be
undertaken to help predict the dissolved solids leaching rates from the proposed
lake bottom sediments. Since the lake would be of substantial size and depth
(335 ha. and 120 meters deep), it may be subject to thermal stratification and
semi-annual turnover.83

The Take has the potential to be a "meromictic" lake, where a layer of water at
the bottom:is stabilized by dissolved solids or even suspended matter causing

a permanent increase in density. This would be caused by leaching of dissolved
material from the bottom sediments and from highly saiine ground waters entering
the bottom of the lake. Lake Mahony, near Qkanagan Falls, is an example of a
highly meromictic Take. The available leachate data on Hat Creek surficial and
waste rock is not directly applicable to making predictions in a lake situation.
If the lake were to be meromictic, this would be beneficial to water guality in
the upper levels as turmovers would not mix the high-density highly-saiine bottom
waters with the remainder of the water column. Previous experience of flooding
a similar large open pit c¢oal mine was not found in the literature. In the
Estevan area of Saskatchewan, water bodies of about 36 ha and 6 meters deep have
been created within reclaimed coal mine spoil area584 and subsequently stocked
with rainbow trout with apparent success. Data was not reported on water quality
changes after flooding.

Runoff of nutrients from reclamation as indicated in the previous subsection will
raise the nitrogen and phosphorous levels depending on the degree of fertiliza-
tion. The project concentrations were 0.19 - 0.8 mg/1 for nitrogen and 0.043 -
0.082 mg/1 for phosphorous. These levels, even at the lowest values (existing
Hat Creek water quality}, are in the range generally accepted as being able to

stimulate algae growth in lake waters (nitrogen above 0.1 mg/1 and phosphorous
above 0.01 mg/]).85
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In summary, from a water quality viewpoint, the impacts of the proposed pit re-
clamation plans are considered to be mainly negative. The proposal should be ex-
amined in a thorough limnological assessment which is considered beyond the scope
of this study.

Drainage Control

The plan to maintain creek diversions, drainage ditches and lagoons after phase
out of the mine, is considered beneficial. These facilities will contain run-
off and erosion, and minimize sediment losses.

Qther Activifies

Removal of wine infrastructure (buildings, conveyors, etc.} will undoubtedly
cause some short-term area disturbances which would be subject to erosion. The
impact of this decommissioning activity is considered minor negative. '

B. Plant

Reclamation of Disposal Areas

The impacts of reclamation of cisposal areas associated with the power plant
would be the same as those discussed in Section 6.2 (b) (iv) A for reclamation
of mine waste disposal areas.

Orainage Control

Continued existence of drainage facilities is considered a beneficial impact as

these facilities will protect the integrity of waste dumps and control runoff
erpsion.
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Other Activities

Minor impacts relating to sediment loss from short term area disturbances during
removal of plant infrastructure (buildings, cooling towers, switchyard conveyors,
etc.) can be expected to occur. It is assumed that the water supply reservoir
would be left intact after phase out of the power plant, No interactions are
visualized if this is done. Because the drainage area above the reservoir is
minimal, this reservoir will eventually become dry through evaporation losses.

C. Offsites

Hat Creek Diversion

Decommissioning of Hat Creek diversion in association with creation of a lake in
the pit is considered to offer both beneficfal and negative impacts. Physical
water quality in terms of temperature should improve somewhat over that which is
projected to occur in the diversion canal at Tow flow., In addition, the newly
created lake will reduce sediment load formerly carried in the canal from tribu-
tary streams {such as Medicine Creek and Houth Meadows area drainage). The chem-
jcal water quality impacts associated with decommissioning of the diversion are
considered negative. This is due to the potential degradation of Hat Creek chem-
ical water quality in passing through the lake as discussed previously. Contin-
ued exijstence of the reservoirs associated with the diversion (in Upper Hat Creek)
is considered an ambivalent impact (both positive and negative effects). The re-
servoirs will reduce sediment levels in Hat Creek which is considered beneficial,
while they will continue to cause water temperatures in the summer at higher
Tevels than occur in the natural creek.

Cooling Water Supply System

Decommissioning of the water supply system is considered to haye minor beneficial
implications on water quality. Phase out will mean no further discharges of water
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treatment plant sludge to the Thampson River. In addition, the need of emergency
drainages from the pipeline to both the Cornwall Creek and Bonaparte River will
cease to exist. It is assumed that the pipeline itself would be left in place.

Other Activities

Significant impacts on water quality from decommissioning of 60 kV transmission
lines and the offloading facilities are not visualized. The access road and air-
port are assumed to remain intact.

{v) Overall Impact Assessment

A. Preliminary Site Development

The activities during this stage of the project which could have affected surface
water gquality were the Bulk Sample Program, exploratory drilling, and access

road construction. Surface water quality monitoring during this period has
indicated a minimal effect on water quality. Should the project not proceed,
reclamation would be implemented and thus no long-term impacts are foreseen.
Thus, the impact on surface water quality at this stage is insignificant.

B. Construction

The main impacts to the surface water quality during construction of the mine
will be:

1. An increase in the levels of non-filtrable residue and turbidity due to
increased erosion caused by removing or destroying existing vegetative and
s0il cover.

2. An increase in the levels of filtrable residue, nutrients and colour due
to pit dewatering activities,
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The main source of possible impact to the surface water during construction of
the plant and the offsite facilities will be increased non-filtrable residue and
turbidity caused by erosion and precipitation washout of fugitive dust as a re-
sult of the clearing, stripping, etc., associated with construction activity.
The effect of this will be controlled by collection of runoff and treatment in
settling basins. The other source of possible impact during construction of
the plant would be sewage from the shops, office and construction warehouses.
This should be treated by total containment in an aerobic lagoon with ultimate
disposal by evaporation, possibly coupled with irrigation. Provided regula-
tory levels for point source discharges and receiving streams are met, the
impact on water quality would be minor.

C. Operation

The main impacts to surface water during operation of the mine and plant will be
from:

1. Disposal of mine water from pit area dewatering.

2. Seepaqge and runoff from the Houth Meadows and Medicine Creek waste disposal
areas.

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

4. Sediment loss from intervening disturbed areas and fugitive dust precipita-
tion washout.

5. HNutrient Toss from fertilization activities during reclamation.

6. Dissolved solids loss to runoff via surface leaching of disturbed areas.

[t is assumed that due to the probable Tow quality leachate and runoff from the
coal pile, low grade waste dump and leachate from the ash disposal areas, these

sources of contamination will not be discharged to the Hat Creek surface water
streams.
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In order to project a probable maximum change in quality of Hat Creek water
after the development is in place and operating, a water quality balance was
made of the main discharges to Hat Creek. A period of summer low flow has

been assumed when the dilution effect is minimum; surface runoff is negligible;
mine water from dewatering and waste dump surface seepages are at a maximum.
Minor ground water subsurface flows from waste dump areas which eventually
reach Hat Creek, as discussed in Section 6.1 (a), are not considered in the
water quality balance. The discharges considered in this case were as follows:

Ay

Q, Mine Water 0.030 m> s~!
Q, Houth Meadows Dump Seepage 0.017 mus !
0; Medicine Creek Dump Seepage 0.023 m st
Qq Hat Creek Discharge 0.12 mo 7L

Q; Total Discharge 009 mes°l

In order to derive the resultant concentration of any water quaiity parameter in
the final combined flow downstream of all discharges, the following water quality
balance formula was utilized:

Q) G+ Qy Gy + Q5 C3+Q, Cf

N R A

where C1 - C4 = levels of the parameters in component
discharges
€ = level in the combined discharge.

In the case of the foregoing scenario, this formula can be transposed into the
following:

(0.158 Q)¢ +(0.089 Qp)Cy + (0.121 Qp)Cq + (0.632 Qp)C,
O

=

The quality of various component project related discharges utilized were those
projected previously in Tables 6-9 and 6-25 adjusted as follows:




1. Those parameters, excepting sulphate, which exceeded the current regulatory

Level 'A' Objectives were reduced to the Objective level to simulate the
result of treatment prior to discharge. Based on available data, the Tevel

of sulphate to be expected from the ground water within the coal seam could be
about 260 mg/1. It can thus be expected that whenever the proportion of ground
water from dewatering wells within the coal seam is greater than about 15
percent of the total water from dewatering activities, the sulphate level in
this discharge will exceed the Level 'A' Objective of 50 mg/1. Since there

is not a cost effective technology available for removing sulphate plus the
fact that this objective is under review (see Table 6-21), the sulphate levels
in the relevant discharge to Hat Creek were not assumed to be altered by any
treatment. [t is assumed that cost effective treatment is available to meet
Level 'A' Objectives for all other parameters. This may or may not be the
case however, and treatability studies will be necessary as recommended in
Section 8.2 (b).

The quality of the discharge was averaged where necessary. For instance, the
quality of the Medicine Creek seepage is assumed to be the average of that
produced by Overburden 76-1 and 76-13 of Table 6-9. Likewise, the quality
of the mine water is assumed to be the average of Well RH 76-19 (Surficials)
and Bucket Auger Hole #7 (Coal Seam) of Tables Cl-16 and C1-17. This latter
assumption would represent the worst case because on average the quantity of

coal seam water would be considerably less than the amount of water removed
from the surficials.

The level of suspended solids after treatment is assumed to be less than or
equal to Level 'A' requirement of 50 mg/1.

The maximum temperature is that value projected to occur in the diversion canal,

The nutrient levels are those values projected to result from reclama-
tion fertilization on an annual basis, plus contributions from seepage
and mine waters to be discharged to Hat Creek. It does not include any
contribution from blasting residuals.
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The wataer quality of Hat Creek utilized was that established in the Inventory
as the mean as shown in Table 4-16. The resulting water quality derived
from this balance is given in Tabie 6-28 for pertinent parameters.

The results indicate a substantial increase can be expected in the salinity
of Hat Creek water (90 percent increase in dissolved solids level). The

sum of inorganic ions does not balance with the projected filterable residue
because the filterable residue includes the volatile fraction from the
leachate data utilized. Increases are also projected in the alkalinity,
sodium and chloride levels. The increase in levels of dissolved trace metals
varies from nil to about a sixteen-fold increase in zinc. With the exception
of dissolved solids, temperature, arsenic, chromium, copper, iron, and

lead, @11 other parameters remain within the Objective Level of Recommended
Limits for Drinking Water as listed in Table 4-12,

The increase in dissolved solids by more than one-third of the natural

value may present problems to aquaticg 1ife95. The level of arsenic projected
exceeds the acceptable levels of 0.0l mg/1 but would still be considerably
lower than the maximum permissible level of 0.05 mg/1. The projected levels
of chromium, copper, iron, and lead, however, would remain below the accept-
able limits. Temperature of the water will pose a severe problem to exist-
ing fisheries resources and would also be above the level deemed maximum
acceptable for drinking water purposes (15°¢). The projected level of
suspended solids is such that the corresponding turbidity (from Figure

4-44) will be about 7 NTU which is somewhat above the acceptable level

of 5 NTU. This factor indicates treatment for turbidity removal may be re-
quired at times by any downstream Hat Creek domestic water users.

Predictions have not been made for 8005 or dissolved oxygen levels because BOD5
load projections from component discharges based on existing data are not con-
sidered reliable. If further testing indicates that the BODsload is above about
50 kg« day'l, biological treatment may be required to maintain adequate D.0.
ievels in Lower Hat Creek.
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TABLE 6-28
COMPARISON OF PRQOJECTED WATER QUALITY AND
EXISTING WATER QUALITY IN HAT CREEK

Parameters {mg/1) Projected Existing
pH {units) 8.2 8.4
Temperature (°C) 40 24
Suspended Solids 22 6
Filterable Residue 642 342
Tota] Hardness (as CaCOB) 197 224
Alkalinity (as CaC03) 305 226
Chloride 6.2 1.1
Fluoride Q.15 0.16
Total Nitrogen - N 3.61 0.19
Phosphorus - P < 0.0% 0.043
Sulphate 60 54
Arsenic < 0.013 < 0.00%
Boraon < 0.710 < 0.10
Cadmium < 0.005 < 0.005
Calcium (as CaC03) 118 143
Chromium < 0.018 < 0.010
Copper < 0.015 < 0.005
Iron < 0.092 < 0,026
L ead < 0.013 < 0.010
Magnesium (as CaCO3) 75 77
Mercury < 0.0005 < 0.0004
Sodium 72 20
Vanadium < 0.013 < 0.005

A

Zinc c.11 < 0.007
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The projected levels of the nutrients nitrogen and phosphorus indicate a sig-
nificant increase can be expected. The mine water and waste dump seepages con-
tribute a major portion of the projected increases. The projected levels are
considerably in excess of those generally accepted as being able to stimulate

algae growth85.

With the exception of the periods where the available dilution in the Bonaparte
River is low, the impact of chariges in the Hat Creek water quality will

have an insignificant effect on the Bonaparte River. OQuring Tow flow the

level of dissolved solids may increase by 10 to 20 percent. The nutrient
levels may also increase significantly during this period. Total nitrogen
levels may increase from -about 0.3 mg/1 to upwards of 0.8 to 0.9 mg/1 whereas
phosphorus Tevels could increase to 0.048 mg/1 from the existing mean of

0.039 mg/1. As with Hat Creek these nutrient additions may foster some in-
creased algae growth.

Studies by others on water quality effects of surface mining operations offer
some information for comparative purposes for parameters such as dissolved solids
and sediment yields.

Mcwhorter, D.B. 53_31?5 found that the equivalent dissolved solids from disturbed
areas of a Colorado coal mining operation was 6.5 times as great as from undisturbed
areas, and that about 99 percent of the annual pickup was attributable to ground
water runoffs {mine and dump seepages etc.). As indicated in Section 4.2 (b), the
existing dissolved solids yield on average in Hat Creek ranges from 12-14 t-km'%,yr’
If the yield from disturbed areas of the project (about 35 kmz) were 6.5 times
higher or about 85 t-km’zoyrrl, the projected yield of dissolved solids from the
total Hat Creek Valley would be about 16.8 t-km'% yr'l
30 percent on an average annual basis.

, or an increase of about

The literature contains information con the sediment yield that can be expected
from surface mining operations. A document developed by the U.S. Environmental
Protection Agencyzo, states that 17,000 1:-km'2-,\,fr"1 is representative of the rate
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of erosion from active surface mines in eastern United States. Further, the
document lists rates of erosion from spoil banks and haul roads at 9,600 t-km'%
yr'l and 20,400 t-km'z-yr'1 based on experience in the eastern U.S. Appalachia
area. These values are stated as rates of erosion approximately 970 to 2,070

times that from unmined-undisturbed areas, SteeTea7 reported on the projections

of sediment 1gss made in environmental assessments of coal develapments in Colorado.
The assessment estimated about 20 percent of the sediment load generated by the
development would be discharged to stream systems. Over a 15 year periad the
residual sediment loss was projected at about 30 t:-km"z-yr'1 or about three times
the pre-development level on a 100 km2 development. James 53‘31?8 states

the generation of water-borne sediment from surface Colorado coal mining opera-

~ tijons without reclamation and sediment control facilities, would be about 30,000

1

t-yr - per million tonnes of coal mined.

Information on the rates of residual sediment and dissolved solids yield from
surface mining in B.C. is very sparse. The Ministry of the Environmentag, has
not studied the surface mining operations in the Highland Valley or the Kootenays

with a view to providing data amenable to predictive assessments for new mines.

In the case of the Hat Creek development, about 35 km2 will be disturbed and the
annual coal production will be about 11 x 106 t-yr'l. As indicated in the In-
ventory Section 4.2 (b}, the existing mean annual sediment yield in Hat Creek is

about 5.6 t-kmﬂz-yr'l. Utilizing a projected residual sediment yield from the

disturbed area of three times the existing mean annual or 17 t-km'zayr'1 on

35 kmz, the develaopment could be expected to cause a total residual sediment of
390 t-yr’l to enter the water course. This would represent a sediment yield
increase from the total Hat Creek drainage basin (660 km2) of about 0.6 t-km'%-yr'l

or an increase of 11 percent on an annual basis. This increase is considered
to be a minor negative effect.

The projected increase in dissolved solids and sediment loss from Hat Creek

{2,500 t-yr'1 and 390 t-yr'1 respectively) would cause increases in the mean
annual dissolved solids and sediment yield in the Bonaparte River of about 6
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percent. This increase is considered a minor negative effect uniikely to
cause any impact on stream values. Considering the dilution potential avail-
able in the Thompson River, water quality changes in the Thompson River will
be insignificant.

The Hat Creek development would result in a substantial increase in the population
of the village of Cache Creek and Ashcroft. Providing treatment facilities were
expanded, the impact of the additional sewage on the Bonaparte and Thompson Rivers
would likely be minimal, '

D. Decommissioning

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

1. Nutrient loss to Hat Creek and to the proposed pit lake, resulting in possibie
fostering of algae and eutrophication effects.

2. Potential degradation of Hat Creek water quality upon passing through the pit
lake. In addition, Hat Creek would have a considerably reduced flow for an
extended period of time during filling of the pit. This flow reduction
reduces the capacity of Lower Hat Creek to assimilate runoff residuals,

3. Reclamation of remaining disturbed areas will be a major positive impact in

reducing water-borne sediment and dissolved solids leachates residuals
reaching the surface water systems,




6.3 WATER USE

(a) Ground Water

(i) Preliminary Site Development

A. Mine "

The exploration camp well would be the only new ground water source. This
would be classified as a minor municipal impact on ground water use.

B. Plant

No wells would be drilled and there are no existing ground water users in
the vicinity of the plant. Hence, there would be no impact on ground water
use.

L. Offsites

No wells would be drilled and existing ground water users would not be
disturbed. Hence, there would be no impact on ground water use.

(ii) Construction
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A. Mine

A1l existing domestic wells and deve1opéd springs within the pit perimeter
would be abandoned. These would include DW-1, DW-2, DW-3, DW-4 and DW-14,
(see locations in Figure 3-4). The estimated total pumpage from these five
ground water sources is 16 m3/d. The proposed water wells supplying

the offices and warehouses, and the mine and plant construction camps would
be the only new wells in the area. The estimated maximum water requirement
for the mine camp is 100 m3/d and mine offices and warehouses is

between 20 to 136 m3/d. These flows are all small in comparison to

aquifer flows and hence minor negative impacts would result.

B. Plant

As discussed earlier the water supply to the plant construction camp would
use about 228 m3/d from a well. An additional 1,096 m3/d would be
required for a concrete batch plant, workshops and warehouses. The total
requirement of 1,324 m3/d would probably have to be obtained from a

well or wells located at the buried bedrock valley aquifer. This water
requirement represents 26 percent of the flow in this aquifer, The ground
water use would increase from no usage at the present to 1324 m3/d.

This represents a major impact on ground water use.

C. 0ffsites

The offsite activities do not require the use of ground water. There are
no wells which are presently located close to the diversion canal and dam
that would have to be abandoned. Hence there would be no impact on ground
water usage.
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iii) Operation

Some ground water may be used to supply water for irrigation of revegetated
areas in waste dumps., Some of this water could be supplied from the pit
area dewatering wells. However, some additional wells could be developed
as required and would cause an impact ranging from minor to significant.

iv} Decommissioning

The same comments as given in operation {see previous Section i1i) would
apply.

v} Overall Impact Assessment

Domestic:

The current domestic water consumption of about 30 m3/d would be
reduced by about half. The proposed development will have no impact on the

quantities of ground water presently being used by residents either
upstream or downstream of the study area.

Municipal:

The construction camps would use 2 maximum of about 328 m3/d of ground
water for about five years only.
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Industrial:

The present ground water use is about 125 m3/d which is usz2d as wash
water at a limestone quarry. With water required for concrate batch
plants, warehouses, workshops and other facilities, the total industrial
usage could increase to about 1,357 m3/d.

Irrigat.ion:

Ground water is not presently beinj used for irrigation in the valley.
Many of the pit area Jewatering we'ls plus some additional wells could
be used to irrigate vegetated waste dump areas.

The total ground water use would increase during the construction period
from the present estimated 155 m3/d to about 2,500 m3/d. The maximum
figure would depend on the amount of irrigation water that would be
supplied from water wells. Some of the irrigation water could possibly
be supplied from the dewatering wells around the pit perimeter. However,
the maximum ground water usage without irrigation would be about 1,700 m3/d
and represents a moderate impact on the total ground water available.

The three major aquifers (Marble Canyon, Buried Bedrock Channel and Alluvial)

have a combined potential ground water yield of about 4,700 m3/d. This
assumes that half the combined aquifer flows can be intercepted by water
wells. ’

Thus, the proposed ground water usage required for the project at the
end of the construction period and excluding irrigation requirements
would be about 36 percent of the available ground water. This is a mod-
erate impact on water usage.
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(b) Surface Water

(i) Preliminary Site Development

A. Mine, Plant and Offsites

The preliminary site development will have no significant affect on surface

water usage.

(i1} Construction

A. Mine, Plant and Offsites

Irrigation
The quantities of irrigation water use affected by alienation of irrigable
land by the construction of the mine, plant, and offsite facilities are tab-
ulated in Table 6-29. Activities of the base project scheme would alienate
a total of 273 ha (675 ac) of lands projected as being irrigated in the future
(probable use) without the project. The quantity of irrigation water associated

" with these lands is 156.5 ha-m (1268 ac-ft). The large majority of this water

use, 147 ha-m (1190 ac-ft ) is located in Subregion II of the Hat Creek drain-
age basin (Figure 4-48) and represents about 53 percent of the total probable
water use projected for this subregion (Table 5-5). The remaining alienation
of irrigation water use occurs in the Cornwall drainage study area - 7 ha-m
(57 ac-ft ), and the lower Bonagarte drainage study area - 3 ha-m (24 ac-ft ).
Included in water use alieration is 45 ha (111 ac) of land that is presently
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TABLE 6-29

IRRIGATION WATER USE IMPACTS
DUE TO PROJECT CONSTRUCTION

Impact of Land Aljenation

Water Use Project Area Water Quantity,
Catagory Activity {ha} {ha=m-yr 1)

Base Project Schemae:

Presently Mine 12.5 8.3
[rriqated Plant 16.2 10.7
Land 0ffsites 16.6 13.8
Syb Total 45.3 32.8
Projected Mine 113.0 74.6
{rrigated Plant - -
Corn Offsites 61.5 40.46
Sub Total 174.5 115.2
Projected Mine 47.7 7.6
Irrigated Plant - -
Spring Offsites 5.7 0.9
Pasture Sub Total 53.4 8.5
Total Mine 173.2 0.5
Projected Plant 16.2 10.7
Use Offsites 83.8 55,3
Total 273.2 156.5
Alternate Schemes:
Presently
Irrigated Offsites 105.0 78.0
Land
Qther Impacts
' Water Quantity
Water Use Category Project Activity (ha-m-yr 1)
Loss of Present Storage Finney Lake Dewatering 12
Conveyance Oisruptfon Finney Creek Dfversion 12*
Hat Creek Diversion 23
Total : 47

® excludes 12 ha-meyr ! of use lost due to Finney Lake dewatering.
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under irrigation with an associated water use quantity of 33 ha-m (243 ac-ft).
Of the total 156.5 ha-m of irrigation water use directly alienated by base
project scheme activities, 90.5 ha-m or 58 percent are alienated by mine acti-
vitieé, 10.7 ha-m or 7 percent by plant activities, and 55.3 ha-m or 35

percent by offsite activities. The alienation of irrigable lands and associ-
ated water use quantity may not represent a total loss of the use of this water
for irrigation. As long as the project does not affect the availability of this
water, then irrigation of other lands may result. However, the practicality of
transferring water use to other irrigable lands has not been assessed in this
study.

Two alternate project activities, the Hat Creek water supply reservoir and the
airport {Site C) would alienate additional irrigated lands. In the case of the
Hat Creek reservoir, 69 ha {170 ac) and water quantity of 45 ha-m (365 ac-ft)
would be affected. This impact lies within Subregion [II of the Hat Creek drain-
age basin and represents about 12 percent of the probable irrigation water use
quantity projected for this subregion. In the case of the Site C airport loca-
tion, 36 ha (89 ac) and water quantity of 33 ha-m (267 ac-ft) would be affected.
This impact lies east of the Bonaparte drainage area defined in this study
(Figure 4-48)

Aside from the direct alienation of irrigation water uses, the draining of
Finney Lake would result in the loss of irrigation storage presently licanced
in the amount of 12 ha-m per year {Table 6-29). A relatively small quantity in
itself, it represents about 30 percent of the total storage presently licenced
within the Hat Creek drainage basin.
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The construction of certain project facilities would restrict the use of
present irrigation water conveyance systems (ditches) by blocking their present
routes. The Finney Creek diversion channel would cut across two frrigation
ditches affecting the use of 12 ha-m (9.7 ac-ft) of water. This channel

would also have affected the conveyancing of the 12 ha-m of water lost from
use by the dewatering of Finney Lake. The Hat Creek diversion canal would
cut off irrigation water supply associated with five present diversion points,
the associated water use totalling about 23 ha-m (186 ac-ft). One of these
points of diversion on Medicine Creek would also be alienated by the Medicine
Creek mine waste dump. Some of these affected uses may be effectively comp-
ensated by the provision of an alternate water conveyance route or alternate

source of water.

Livestock Use

The impacts on livestock water use due to the construction of mine, plant,
and offsite facilities are associated primarily with the alienation of range-
land. The Agriculture report90 states that about 3400 ha (8400 ac) of range-
land will be alienated (lost to grazing use} by the B.C. Hydro project and
thus eliminate, as well, the use of watering sites within the alienated areas.

In addition to the loss of watering sites due to land alienation, the draining
of Finney and Aleece Lakes to the west of the mine pit will eliminate them

as cattle watering sites. The effect this will have on water use is not clear
as there are other small lakes and creeks in the vicinity of these two lakes
which may provide adequate watering for the future use of this range area.
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TABLE 6- 30
*
POPULATION AND SURFACE VIATER USAGE PROJECTIONS
ASHCROFT CACHE CREEK
- Hithout Project llith Project Hithout Project With Project
Year Population Usage Population Usage Population Usage Population Usage
1976 2030 1847 - - 1050 956 - -
1980 2455 2234 3071 2795 1208 1097 1509 1373
1986 2685 2443 4665 4245 1355 1233 2330 2120
1990 3035 2762 5242 4770 1595 1451 2683 2442
- 3 -1
Water usage figures are m'd °.
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Domestic, Municipal, and Industrial

All water requirements for the mine and plant including construction camp
and infrastructure, are from ground water sources and are discussed in Section
6.3 {a).

Domestic surface water requirements are based on population projections for
the towns of Cache Creek and Ashcroft, and the rural areas. This discussion
encompasses the operation phase of the project as well.

Population projections for Ashcroft and Cache Creek as determined by Strong
Hall & AssociateSQ] are presented in Table 6-30. Total water usages have
been calculated based on a per capita usage of 0.9] m% d'] {240 USGPD)gZ.
Strong Hall & Associates provided population projections for Ashcroft and

Cache Creek combined.

Due to the proximity and accessibility of Ashcroft to the project site BEAK

has assumed that two-thirds of this population increase would occur in Ashcroft
and one-third in Cache Creek. Ashcroft obtains its water from the Thompson
River and Cache Creek from the Bonaparte River.

As Table 6-30 shows, the maximum domestic water requirement by Ashcroft from the
Thompson River would be about 5,000 m% d-l, an insignificant volume when compared
to the two year mean minimum flow of about 13 x 106 r:|3-d'1 (Figure 4-16). Cache

Creek's maximum domestic water requirements would be about 2,500 m3od'1, which

is approximately 0.2 percent of the mean summer Bonaparte River discharge of 1.2 x 106

m”-d”"; again an insignificant amount and producing no significant impact.93

Strong Hall & Associates projected that the maximum increase in rural population
during the construction and operation phases would be 200. This compares to an
existing rural population of about 500 as outlined in Section 4.3 (b) (iii).
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This population is not expected to significantly increase without the project
and therefore the total estimated rural population during construction and
operation is 700. At 0.9} m% d'] per capita (this is the same as the esti-
mated domestic consumption for Ashcroftgz, and approximately the present dom-
estic consumpton in Hat Creek from both ground water and licenced surface
water sources as discussed in Section 4.3 (a) and 4.3 (b) (iii), respectively)
the total usage would be 637 man'1, some of which would be ground water.
Because this water usage is distributed over a large area, the overall impact
on the surface water is deemed insignificant.

(ii1) Operation

A. Mine, Plant, and Offsites

Irrigation

The impact of the operation of the project on irrigation water use is summarized
in Table 6-31. These items all deal with impacts that limit or reduce the
availability of irrigation water. In addition to the tabulated impacts, a

very small amount of irrigated land, 9 ha (22.2 ac), was identified in the
Agriculture report90 as possibly being removed from production because of

the loss of productivity due to injury caused by plant stack emissions. This
projected impact occurs in the south end of Hat Creek Valley {Subregion IV)

with an associated water quantity of approximately 5 ha-m.
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TABLE 6-31

- | IMPACT ON IRRIGATION WATER USE

= DUE TO PROJECT OPERATION
-’

Project Activity Impact

-

- Base Scheme:

Mine Oust Control - Evaporation of 10 ha-m during

-_ irrigation season; intended source
of water unspecified.

Pit Rim Reservoir | - Evaporation of approximately 3 ha-m

- from reservoir surface during irri-
gation season.

-, Headworks Reservoir - Evaporation of approximately 3 ha-m
from reservoir surface during irri-
gation season.

= Mine Pit Seepage - Evaporation of up to 21 ha-m of
seepage during irrigation season.

- - Potentiaily unsuitablie water quality.

Pit Rim Dewatering - Coliection of up to 21 ha-m of

- - ground and surface water in vicinity
of mine; diversion to Hat Creek
canal during irrigation season.

== Coal Stockpiles : - Potentially unsuitable leachate
quality.

hading Alternate Activity:

Medicine Creek Diversion - Diversion of unknown quantity of

- - to MacLaren Creek of water from Hat Creek drainage
to Cornwall Creek drainage.

- Medicine Creek Water Supply - Storage and use of unknown quantity
of Medicine Creek Water.

- Hat Creek Water Supply Reservoir - Storage and use of Hat Creek flow.

- -



The base project scheme includes four activities in which loss of water from
the Hat Creek flow regime would occur due to evaporation and one other activity
which would divert water from its present situation, while making it available

for use elsewhere.

Water consumption used for the control of dust around the mine is estimated

to be about 10 ha-m (81 ac-ft) during the irrigation season. Although the
source of this water has not been given, surface water use would require ap-
propriate licencing, and due to the lack of available water in Hat Creek during
part of June, August, and September (see Table 5-3) this use would conflict
with irrigation water use unless storage of freshet flows or an alternate water
source is developed.

The pit rim and headworks reservoirs could each lose about 3 ha-m to evapora-
tion during the period of irrigation - May through September. These estimates
were based on potential evaportranspiration rates shown in Table 4-24 and the
assumption that each has a surface area of about 7 hectares.

Mine seepage water could account for the largest evaporation loss, up to 21
ha—m-yr'l. This represents a worst case, though, as it is based on the

highest mine water seepage rate given in project description and assumes that
seepage is completely evaporated during the irrigation season. The origin

of this water might not totally be from the surface water regime and there-
fore the effect or conflict with irrigation water use could be less than

the total amount of water lost. The potential water quality of mine seepage
water with respect to total dissolved solids (Table 6-25) indicates levels that
wouid be unacceptable for irrjgation use.
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The interception of surface and ground water by the pit rim dewatering system

‘would divert up to 21 ha-m of water during the irrigation season to the Hat

Creek canal. This amount was calculated using the highest pumping rate in the
project description for the pit rim dewatering activity. While localized
Jowering of the water table and decrease in the availability of water would be
apparent in close proximity to the dewatering wells, there does not appear to
be a major conflict with irrigation water use.

The coal stockpiles may produce leachate of a quality unsuitable for irriga-
tion use due to potentially high values of total dissolved solids (Table 6-20).

The alternate proposal for diversion of upper Medicine Creek water to MaclLaren
Creek would decrease the amount of water flowing to Hat Creek and thus have a
negative impact on use of irrigation water in Hat Creek Valley but be of benefit
to the irrigation water use in the Cornwall Creek drainage area. The impact on
Hat Creek use would be greater since not only would the water be made unavail-
able but present irrigation licences and facilities would be affected. The
quantity of water that would be invoived in this diversion scheme is unknown.

: H
Two other alternative project activities would also have effects on irrigation
use of water. The alternate proposal which uses Hat Creek water as the source
of power plant make up water is not clearly defined as to the amount of water
that would be used for this purpose. If the storage and use of freshet flows
only are considered, then the present irrigation use in the valley could co-
exist with this use. Two or three users, however, immediately downstream of
the reservoir may be affected since the proposed base flow release to Hat Creek
just satisfies the fisheries base flow requirement. If utilization of Hat Creek

water as plant make up is in excess of freshet flows, then conflict with
other water uses would be apparent, the major one being irrigation.
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The other alternate project activity that would affect irrigation water
use is the proposal for using Medicine Creek water for the power plant.
As details of this alternative are not known, the potential effects
could not be fully quantified. Water users in both Hat Creek Valley and
the Thompson River area could be affected. The total water collected
and used during the irrigation season, May through September, could be
considered, in large measure, as displacing current licenced water use.
In addition, up to 216 ha-m—yr'1 of freshet water normally diverted and
stored in Mclean Lake could also be affected. Both of the above alter-
nate water supply schemes could negatively affect the feasibility of de-
veloping irrigation storage for the future irrigation of the corn lTand
located in Subregion II of the Hat Creek drainage.

Use of project reservoirs and impoundments during the operation

phase for irrigation storage use does not appear feasible due to con-
straints of the operating mode of these facilities.

Livestock Use

Leachate from the coal stockpiles and perhaps seepage from the mine
could exhibit (Table 6-20 & 6-25) levels of copper that would exceed
the upper 1imit of 0.5 mg/1 recommendedg4 for livestock waters and
therefore present a hazard to livestock should they gain access to
these undiluted waste waters.
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It appears that only limited use of livestock could be made of water facilities
created by the project. None of the small sedimentation ponds are located
in areas where cattle would have ready access to them. The reservoirs created
on Hat Creek itself could perhaps provide some benefit to cattle use during
the winter months in the case of a herd being wintered close by. The main
plant water supply reservoir could provide a source of water to spring and
summer grazing value limiting the number of animals that would be in the area.

No other major impacts on livestock animals or on their utilization of the

range have been projected by the Agriculture study. Thus the effect of project
operation on the quantity of livestock water use in Hat Creek Valley is not
considered to be significant.

Domestic, Municipal, and Industrial

Infrastructure (office, warehouse, and shops) water requirements for the mine

during operation will be supplied by the power plant from the Thompson River

3.4 (1.6 l-s']) assuming a labour force of 918

1

and is estimated at 140 m
as indicated in the project descriptions,

A1l power plant water requirements including cooling, demineralizer, sootblowers,
and domestic will be supplied via pipeline from the Thompson River.

The total make-up water requirement from the Thompson River during power plant
operation can range from about 662 to 1395 l-s'1 (10,500 - 22,100 USGPM) depend-
ing on the ash disposal system selected and the plant capacity factor38. As

the minimum average daily discharge of the Thompson River is about 200 mgs']

(Figure 4-16), the impact of this water requirement is not significant.

Water usage increases due to area population changes has been discussed under
Section 6.3 (b) (ifi}.
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(iv) Decommissioning

A. Mine, Plant, and Offsites

Irrigation
The impacts of decommissioning are all 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 diversions to provide water required of irrigation
uses develaoped with the project). Table 6-32 summarizes the project activities,
causes, and water quantities associated with benefits of decommissioning.
The economic feasibility of potential benefits identified has not been addressed
in this study.

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, almost 1600 ha-m {12,970 ac-ft) of water are poten-
tially 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) of stream flow for spring pasture irrigation leaves almost 1516 ha-m
(12,285 ac-ft) available for storage in Pit Lake and other project reservoirs.
Assuming an eventual surface area of about 1000 ha (2471 ac) for all reser-
voirs and a potential evaporation rate of 0.48 ha-m-yr'l(Tab}e 4-24) evap-
oration Toss would be about 480 ha-m-yr™', This leaves 1036 ha-m (8395 ac-ft)
of storage water that could be used for irrigation. The Pit Rim reservoir

and proposed Pit Lake would have far more than adeguate capacity to store

this quantity for irrigation use. In Table 6-32, 22 ha-m (180 ac-ft) of stor-
age are allocated to the Pit Rim reservoir as its maximum effective capacity.
This accounts for about 3 ha-m (24 ac-ft) of annual evaporation. The remain-
der 1014 ha-m (8217 ac-ft) of storage is allocated to Pit Lake.
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TABLE 6-32.  __ .

BENEFICIAL IMPACTS ON IRRIGATION WATER USE DUE

Project Activity

TO PROJECT DECOMMISSIONING

Cause of Benefit

Water Quantity
(ha-m-yr 1)

Base Scheme:

Pit Rim Reservoir

Pit Lake

Dust Control
Pit Rim Dewatering
Make Up Reservoir

Supply Pipeline

Alternate Activity:

Medicine Creek
Water Supply

Hat Creek
Water Supply
Reservoir

Storage becomes available
Pump becomes available
Evaporation of Summer
flow stops

Storage becomes available
Seepage evaporation stops

Project use stops
Diversion stops
Storage becomes available

Capacity (25,000 USGPHM)

Project use stops and
storage becomes available

Project use stops and
storage becomes available

1014
21

10
21
830
650

213




Assuming 0.76 m to 0.91 m (2.5 to 3 ft} irrigation requirement, between 1349 ha
(3333 ac) and 1126 ha (2782 ac) could be irrigated with this stored water.

Since this quantity of undeveloped irrigable land is not available in the near
vicinity of the proposed Pit Lake and Pit Rim reservoir a water district would

probably need to be set up to make use of this water. The extent and feasibility

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. These include
the effect of Pit Rim reservoir evaporation on summer flow, Mine Pit seepage
evaporation and water used for dust control. Also, the diversion of water

due to Pit Rim dewatering would cease. A total of about 55 ha--rn-yv"1 are

involved.

Another of the major potential benefits of decommissioning would be the avail-
ability of up to 830 ha-m (6730 ac-ft) of storage in the plant make-up reser-
voir. Subtracting evaporation losses leaves about 800 ha-m (6483 ac-ft).
Assuming application rates between 0.61 m - 0.91m (2 - 3 ft) from 879 - 1311
ha (2172 - 3239 ac) could be irrigated with this water.

The water supply pipeline from the Thompson River with a capacity of 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. These quantities of land are available in the study area but no
attempt was made to assess specific irrigation feasibility. On a seasonal
basis, about 650 ha-m could be supplied by the Thompson River pipeline for
irrigation use.
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With the alternate water supply schemes, the two water supply reservoirs
would make further storage capacities available. The volume of the Medicine
Creek water supply reservoir was not known. The Hat Creek water supply
reservoir with a capacity of about 271 ha-m (2200 ac-ft) and evaporation
losses of about 58 ha-m-yF] could supply 213 ha-m (1939 ac-ft) of water which
could irrigate about 323 ha (797 ac).

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

Mine and plant water requirements for process use will return to zero. Do-
mestic surface water usage will reduce as people move away from the surround-
ing area. However, some water demand in excess of the "without project"
usage will remain as a percentage of the people who worked on the project
will stay to retire or until other work is available. The fraction of the
incremental area population that will remain after the project is difficult
to predict. However, any reduction in population will reduce the usage of

surface water.
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(v) Overall Impact Assessment

IrrigatiOn

Construction of project facilities would alienate use of 157 ha-m-yr'1 (1268
ac-ft-yr']) of irrigation water on those lands projected as likely being
irrigated in the future. Part of this water may be available, however, for
the irrigation of other lands and thus the net impact on water use would

be reduced accordingly. There is a loss of a small amount of licenced stor-
age, 12 ha»m-yr'], which would result from the dewatering of finney Lake.
The impact of the Hat Creek and Finney Creek diversions on the use of pre-
sent irrigation conveyance ditches, associated with the supply of 35 ha-m
(284 ac-ft) of water, probably could be appropriately mitigated should the
use of these waters be practical with the project.

Project operation {base scheme) could affect the availability of up to &0
ha-m-yr'] (486 acftyr]) of water for irrigation use. Partially composed
of non-consumptive uses that would only change the location of water avail-
ability, the net impact on irrigation water use would more than likely be
less than the above quantity. '

Decommissioning of the project would be associated with major potential bene-
fits to irrigation through the use of project reservoirs for water storage.
Over 1000 ha-m (8105 ac-ft) of water of the Hat (reek drainage basin could

be made available for irrigation in this way. This is roughly one and one-
half times the current use of water for irrigation in the Hat Creek Valley.

Livestock Use

The losses or benefits from the project on livestock water use woyld 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

Although the surface water usage for the towns of Ashcroft and Cache Creek
during the construction phase will almost double with the project, compared

to without, the usages are insignificant relative to the surface water resources
and produce insignificant impact. Increased surface water usage in rural

areas will also be insignificant.

During operation all water will be supplied from the Thompson River and the
quantity is determined to be insignificant.
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7.0 OPPORTUNITIES FOR MITIGATION, COMPENSATION AND ENHANCEMENT

7.1 HYDROLOGY

a) Ground Water Hydrology Impacts

i) Lake Dewatering

Finney Lake may have some aesthetic and recreational value and
consideration should be given to maintaining this lake. Based on natural
isotope data on lake water (see Section 4,1 {a) {iii) B) this lake does not
appear to contribute significantly to the ground water recharge in the
area. Most of the present seepage would exit around the upper 1 m of the
wetted perimeter of the lake. Thus, we judge that if the existing
discharge control structure at the lake outlet were lowered to a level 1 m
below the present average summer levels the natural seepage would be
negligible and significant portions of the lake would remain.

i1}  Seepage from Waste Rock Dumps

If seepage through and around the waste dump embankments in the Houth
Meadows area became significant, this water could be collected by
installing shaliow wells. This water could be either returned to a
temporary storage pond within the dump and used for dust control, or
for irrigation of revegetated areas as suggested in Section 7.3(b).

The hydraulic conductivity of the loose waste rock on the dump surface is
likely to be high (10=5 to 10~3 m/s) but when compacted would be
substantially reduced {between 10-11 and 10-9 m/s). Thus,

consideration should also be given to ensuring that the waste rock

P
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immediately upstream of the embankments and adjacent bedrock abutment
areas, 1s adequately compacted.

iii) Seepage from Harry Lake Ash Ponds

Most of the seepage from the proposed ponds would be in the surficial 7
sediments and in the vicinity of the channel of Harry Creek. If subsurface
seepage were significant, a well or series of wells could be installed
along the toe of the waste embankments to collect the seepage and pump the
water to the sluice water pond.

iv) Location of Hat Creek Diversion Canal

The diversion canal alignment is within the area of the proposed pit and
ground movements on the mine slopes could damage the natural and artificial
lining materials. These materials would be placed beneath the canal invert
and any damage could result in greater seepage losses. These seepage
losses would in turn cause more slope instability and further increase
seepage losses from the canal.

Due to a time dependency effect in the rock slopes, the slope movements
during the operating phase of the mine might not be severe. In addition,
the dewatering wells would also help to control slope instability.
However, when the mining activity is completed and the pit is filling with
water, the ground water pressures within the slopes would increase with
time and slope instability would be likely to develop. Thus, the canal
would be difficult and very expensive to maintain.

Consideration should be given to driving a low level tunnel further to the
east of the pit. This diversion tunnel could be driven either at the start
of the project or to replace a temporary diversion canal some time before
the end of the mining activity.



{b) Surface Water Hydrology Impacts

The impacts described in Section 6.1 (b) are almost all unavoidable, since

the ore body happens to be located immediately below the valley of Hat Creek.
The valley of Medicine Creek could conceivably be saved by placing the ash

and waste dumps elsewhere but wherever these dumps happen to be placed they
will certainly destroy some resources, and locations other than Medicine

Creek would be prohibitively expensive. Procedures and techniques for mini-
mizing hydrological impacts of large mining projects such as Hat Creek are
well known and the proponent is committed to their adoption. Particularly
during construction, the impacts on surface water hydrology depend greatly

on the detailed scheduling of the various tasks. No significant terrain
disturbances should be undertaken before the relevant drainage and erosion
control measures are in place. The exposed area of unprotected or unvegetated
soil should always be kept as small as possible. The design of many standard
mitigating measures such as Jlagoons, is still at a very early stage and there
are indications that some mitigating measures will need to be altered. Besides
designing sedimentation basins for adequate residence times, the basins should
also be Targe enough to assure that the outflow does not damage the downstream
channel. This is particularly relevant in the case of Harry Creek. If drain-
ing of Finney Lake could be avoided, a major impact would disappear.

The fact that the water balance of the Hat Creek region is highly negative,
with potential evaporation exceeding precipitation by 200 to 300 mm depending
on elevation (Figure 4-39), might be used to alleviate certain water quality
impacts. The drainage flows from some areas such as waste dumps could be
eliminated by providing surface storage for evaporation.
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7.2 WATER QUALITY
-I,-
{(a) Ground Water Quality Impacts
This sub-section describes those items identified in this assessment that
should be examined for feasibility in the detail design and operation phase
= in order to ameliorate the potential significant impacts. '
- 1. A1l ponds or lagoons receiving effluents, seepages or runoff should

be constructed to minimize loss of contaminated water to the ground
- water regime.

2. The areas to be utilized for storage of coal and low grade waste should
- be prepared in a manner to minimize percolation of leachates to the
ground water table.

- 3. Reclamation should proceed as soon as possible on all disturbed areas,
especially on those areas known to have high levels of leachable con-
- stituents (ash, low grade waste and claystone waste overburden).
This would include short-term reclamation measures on areas tempo-
- rarily inactive.
-

4. Overburden and stock piled materials should not be placed qver thick
- snow in order to maintain minimum leachate drainage generation from
the materials.

- 5. Lining the ash pond areas with a material having both a low permea-
bility and a high sorptive capacity for trace metals such as bentonic
- clay should be considered.

6. A separate environmental assessment will be necessary to study areas
- proposed for disposal of FGD sludge, should flue gas desulphurization
be selected as the sulphur dioxide control method.
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-~ (b) Surface wWater Quality Impacts

Opportunities identified in the assessment as having possibilities to further
- mitigate the potential significant impacts of the development on surface water

quality are outlined.

.
| 2
- 3
4
5
- 6
‘-
‘- 7
‘-
= 8
]
-l
E

Vegetation filter strips should be utilized where possible between
all disturbed areas and surface drainage ditches, creeks and streams
to control and minimize residual sediment reaching the surface water
systems.

. Stripping of vegetation and topscil from a site designated for a de-

velopment related facility - should be limited to only that area
jmmediately needed for the construction.

. In addition to the proposed main sediment control lagoons, temporary

drainage ditches and settling basins should be constructed as required
within the activity area to confine sediment losses to aminimum.

. On terraced embahkments, reverse slopes should be utilized to minimize

runoff concentration.

. Fertilization during reclamation should be minimized.

. Construction of the Houth Meadows and Medicine Creek waste disposal

retaining embankments to minimize seepage through these structures
should be considered in order to reduce the gquantity of contaminated
water to be treated and discharged to Hat Creek.

. Seepage through the ash disposal retaining embankment should be col-

lected and returned to the ash pond. Since the permeability of fly
ash is considerably lower than for bottom ash, the advantages of plac-
ing the fly ash in the westerly end of the pond should be considered
as a means of feducing seepage through the embankment.

. Surface runoff and leachate runoff from the coal pile and Tow grade

waste storage areas should be contained and not discharged to Hat
Creek unless further studies establish that treatment for organics,
color and trace metals can be achieved to acceptable Tevels.
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9. The feasibility of other canal cross-sections should be examined for

10.

RIS

2.

13.

‘the Hat Creek diversion in order to provide lower surface area and

reduced temperature increases during summer low flows. Other mitiga-
tive measures such as artificial cooling or use of a rock lined creek
bed rather than the proposed steel discharge conduit may be necessary
to overcome impacts of temperature increases in Hat Creek water.

The use of trees along the canal route to provide shade should also
be considered, The design of facilities for energy dissipation of
diverted Hat Creek should avoid nitrogen supersaturation,

Consideration should be given where possible to utilizing "dedicated"
sedimentation lagoons which minimize the inclusion of runoff from
undisturbed areas.

Consideration should be given to placing a settling basin on lower
Harry Creek to control sediment loss originating from fugitive dust
from the coal stockpile, coal blending and coal preparation 6perations.

The draining of Finney and Aleece lLakes should be conducted during
high flow in Hat Creek. In addition, the guality of the bottom water
should be assessed in detail prior to draining to allow better pre-
diction of any impact on Hat Creek water gquality.

If further studies on the quality of seepages from the waste dumps
indicate a significant biological oxygen demand exists in these waters,
consideration of biological treatment may be necessary. Alternatively,
other means of disposal or reuse such as irrigation may require further
investigation.




7.3 WATER USE

(a) Ground Water Use Impacts

As most abstractions of ground water would cease at the start of the pumping
of Thompson River water, there would be no significant permanent ground water
yse impacts in the area.

(b) Surface Water Use Impacts

Irrigation

Opportunities for mitigation and compensation as discussed herein are based

on the assumption that presently irrigated or potentially irrigable lands

not directly alienated by project construction would be available for agri-
cultural use. In some cases, however, the viability of agricultural operation
may in fact be impractical and the appropriateness of the mitigating or c¢om-
pensation procedures would need to be considered in this light.

The possible relocation of four project activities has been identified in

the Agriculture assessment] as helping to mitigate impacts on irrigable lands

and thus impacts on the associated water use. These mitigation measures include:
relocation of project drainage ditches near the southwest extremity of the

mine pit so as to avoid splitting a presently irrigated field into two pieces;
relacation of the mine construction camp so as to avoid alienation of high
agricultural capability land (corn potential); and relocation of the main

access road and conveyors to minimize the partition of the potential corn

tand located northeast of the mine pit. '

The perceived blockage of present irrigation conveyance systems by the Finney
Creek and Hat Creek diversion channels could be mitigated by constructing
water control outlets on these channels that would allow continued use of
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the present ditch systems. Alternatively, new conveyance routes or water
supply systems could compensate for the impact on present conveyance systems.

Compensation for the loss of irrigation water use due to land alienation could
be possible in part, or perhaps in full, by providing water for the irrigation
of alternate agricultural lands. In Subregion Il of the Hat Creek Valley
where 147 ha-m of water is affected (out of project alienation total of 157
ha-m), there would appear to be enough potentially irrigable land (total poten-
tial given in Table 5-1/3) to which the transfer of water use could be made.
This aspect, however, has not been confirmed quantitatively nor has the desir-
ability of such water use transfer been assessed. '

Since consumptive use of surface waters due to the project operation is per-
ceived as conflicting with other uses, the largest of which is irrigation,
appropriate mitigation and/or compensation measures would be required. If

the probable (without project) irrigation water use is to coexist with pro-
ject water use, the supply of water from other than that of the present summer
flows of Hat Creek would be necessary to account for the additional consump-
tive use of water during the summer. This supply could be made available

by constructing larger project reservoirs to provide for the storage of freshet
flows or by making use of the proposed water supply from the Thompson River.

In the case of the alternate schemes for supplying plant water from Hat Creek
and/or Medicine Creek, measures should be implemented so that adequate base
flows would be ensured so as to maintain current irrigation licences, espe-
cially those located immediately downstream of the respective project reser-
voirs.

[t is advised that adequate treatment or dilution of mine water, waste dump
seepages and coal stockpile drainage waters be afforded prior to the possible
use for irrigation because of the potentially unsuitable quality of these
waters with respect to the level of total dissolved solids. The concentration
of total dissolved solids desired for irrigation water is below 1400 mg/]
(Table 5-3).




Livestock Use

Since, in general, the effect of project construction on livestock water

use s thought to be minimal, mitigation and compensation measurés would appear
to be unnecessary. However, because the impact on livestock water use due

to the draining of Finney and Aleece Lakes is not c¢lear, further evaluation

of this aspect may deem that mitigation or compensation for this situation

is, indeed, warranted.

Access by livestock to coal stockpile drainage waters and perhaps mine seepage
should be prevented because of the potentially unsuitable quality of these
waters as a livestock drinking supply.

Domestic, Municipal, and Industrial

As there are no impacts on surface water during preliminary site development,
mitigation measures are not applicable.

The impacts of surface water usage for domestic purposes during construct-
jon as discussed in Section 6.3 (b), have been determined insignificant and
therefore mitigation is not required.

Although the impact of surface water use on the resource {Thompson River)
during operation has been determined as insignificant, water usage should

be followed relative to Thompsaon River flow in order to minimize the percent
usage and to identify high percent usages if the site requirements increase
or the Thompson River experiences abnormally low flows,

The impact during decommissioning is beneficial and therefore mitigation
is not required.




8.0 RESEARCH AND MONITORING PROGRAM RECOMMENDATIONS

8.1 HYDROLOGY
a) Ground Water

i) Hydraulic Conductivity of Waste Materials

Laboratory and field tests shouid be carried out to obtain more data on
hydraulic conductivity values for dumped materiais. These materials should
include: waste rock (both Toose and weathered and compacted), low grade wastes
coal, FGD wastes,and ash (both bottom and fly). The laboratory tests would
only require small sample quantities, however, a minimum of 0.5 m3 of .
material would be required for field tests. Where possible both types of
tests should be combined with a further evaluation of the chemical leaching
properties of the materials.

i1} Instaliation of Piezometers and Water Sampling Stations

Combination water sampling and ground water level monitoring piezometers
should be installed in boreholes located around the ash and rock waste dump
areas. These piezometers would suppiement the three operating monitoring
piezometer stations in the valley. The locations of the three existing and
eleven proposed boreholes are shown in Figure 6-1. At least 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).

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
installations particularly RH-48 which is inside the ash pond.
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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 program could be instituted when mining activities commence.

Numerous piezometers have already been installed in the vicinity of the
coal pit and water levels in these piezometers are being monitored once a
month. [n addition, one borehole with a minimum of three piezometers
shouid be installed and monitored adjacent to Finney Lake and alongside
Highway No. 12 just west of Indian Reserve No. 4 in the Marble Canyon.
"These two stations would monitor respectively the effects of lake discharge
and recharge and/or withdrawals from the Marble Canyon aquifer {see
locations Figure 6-1).

iii) Subsurface Exploration at Harry Lake

Should the Harry Lake area be chosen for ash disposal, a drilling and
testing program should be carried out to determine ground water and
Tithologic conditions within and adjacent to the proposed dumps. This
would involve approximately 350 m of drilling and the instaliation of 20
piezometers over and above the monitoring piezometers proposed in Section
ii} above. Falling head tests should be run in all completed standpipe
piezometers so that hydraulic conductivities of rock materials can be
determined.

(b) Surface Water

The design of the drainage and erosion control facilities is seriously impeded by
lack of reliable small-plot runoff observations. Unless such data becomes avail-
able,most facilities will probably be substantially over-designed in order to be

conservative. An experimental study of runoff conditions from the various types

of surfaces to be created by the project under climatic conditions of the Hat



Creek area is desirable both from economic and environmental points of view.
The study would involve a series of runoff plots built to simulate surfaces
such as the Houth Meadow dump, Medicine Creek dump, dump embankments, yard
areas, topsoil storage etc., with the more important areas simulated for two
or more slope conditions. The same installations could also be used to in-
vestigate the effect of dust on snowmelt. Detailed precipitation and snowmelt
data would naturally be required for all runoff plots.

The stream gauging stations presently established on Hat Creek and its tri-
butaries should be monitored carefully until such time as they have to be
abandoned because of the proposed project developments. The gauging station

on Upper Hat Creek should be replaced further upstream and a new station es-
tablished just below the development. The two gauging stations on Medicine
Creek should be reviewed for possible relocation once the design of development
in this area is firmly established. C(Consideration should be given to gauging
Cornwall Creek if diversions are proposed to this stream in the final design.

~ The value of streamflow records from small drainage basins is greatly increased
by good concurrent climatic data. Consideration should be given to instailing
several additional rain gauges {preferably tipping bucket gauges) at various

. elevations to define precipitation over the newly gauged basins. Discharge
from the sedimentation lagoons should be gauged. Sediment accumulation in the
Hat Creek diversion headworks reservoir should be monitored.

Another area where lack of precedent could lead to inadequate and/or unneces-
sarily expensive designs is the handling of winter fiows in the Medicine Creek
and Hat Creek diversions. Field tests may be called for.

The functioning of the chute part of the Hat Creek diversion is similarly
open to some questions. Unless a ¢losely relevant precedent can be found,
some aspects such as winter operation and the formation of roll or slug waves
will need to be investigated.

If Medicine Creek is to be diverted to MacLaren Creek, that stream will need
to be studied in considerable detail to assess its capacity.



The present abandonment scheme, which involves gradual filling of the mine

pit over 25 years, during which the Hat Creek diversion is to be kept in operation
gives rise to some concern related to pit slope stability. Failure of some

pit slopes might divert the entire flow of Hat Creek into the pit, leaving

the lower reaches of Hat Creek dry for a prolonged pericd.



8.2 WATER QUALITY

(a) Ground Water

(i) Research Recommenclations

The following additional information should be obtained to fill present data
gaps regarding possible interactions of project activities on ground water
quality:

1. Further data should be collected on the quality of ground waters in the
proposed pit area, both from the surficials, claystone overburden and
coal zones. Data should also be collected on the water quality of the
buried bedrock channel aquifer.

2. The geologic nature and ground water regime needs to be defined in the
Harry Lake ash disposal areas.

3. Site specific detail geology and ground water regime should be established
at all proposed disposal sites, impoundments, lagoons, stockpiles and
storage areas to allow engineering designs that minimize negative inter-
actions on ground water quality.

{ii) Monitoring Program Recommendations

At the present time a number of wells in the Hat Creek Valley provide water

for domestic use. A selected number of these wells should continue to be
monitored for the parameters performed in the baseline study (Section 3.2).
Manganese and nickel should be added to the list of Cations - Trace Metals.

[f after a reasonable number of years (approximately 10), there has been no
significant change from the baszline values established, then the program
likely could be reduced and some of the less important parameters {i.e. sulphate
hardness, alkalinity, etc.) could then be dropped.



At each dump and storage pile established, test wells should be drilled and
sampled routinely. This program would establish whether or not there was,

in fact any problems arising from leachates entering the ground water system.
The parameters which should be analyzed at these test wells should be selected
on an individual basis depending upon the nature of the dump or pile being
monitored. Monitoring may well be required many years after decommissioning
at some of the waste disposal sites.

Seepage waters should be monitcored for flow, suspended solids and water chem-
istry for selected parameters. The latter allows comparison with samples

from the ground water wells while suspended solids monitoring can help identify
any piping action within embankments.

(b} Surface Water

(i) Research Recommendations

The following areas have been identified as requiring additional study to
allow a more complete understanding of the potential impacts of the proposed
project activities on surface water gquality.

1. Further study and testing appears necessary to establish whether drain-
age from the coal piles and low grade waste will be alkaline or acidic
in nature.

2. More data should be obtained on the probable mine water and dewatering
well discharge quality.

3. Additional data on the biological oxygen demand (BOD) of all proposed
discharges to Hat Creek is required. '

4. Consideration should be given to conducting amorphous oxide extractions
on ash samples to confirm the projected alkaline character of ash
seapages.



5. Further study is necessary on designs of the Hat Creek diversion that
will mitigate the projected temperature impact on Hat Creek water

quality.

6. Treatability studies should be conducted on simulated runoff and ‘seep-
ages for removal of colloidal solids and trace metals. This should
include assessment of the need and effectiveness of any flocculants
or polyelectrolytes for suspended solids removal and of physical-
chemical treatment for trace metal reduction.

7. further study is recommended from a water quality viewpoint on the
proposal to transform the mine pit into a lake.

{ii) Monitoring Program Recommendations

Semi-annual monitoring should be carried out at pertinent test stations estab-
lished in the baseline study for Hat Creek and the Bonaparte River that

will remain intact (See Section 3.2). Particular attention should be given
to temperature, dissolved oxygen, nutrient levels, suspended and dissolved
solids and trace metals, as it is considered that these are the parameters
most likely to be affected by the project. In particular, detailed temper-
ature monitoring should be carried out at Hat Creek in the diversion and at
mouth until the thermal effects of the project are known. In addition to
the other parameters already selected for the baseline study, manganese and
nickel should be added to the list of Cations - Trace Metals. Manganese has
been detected in drainages at other coal mines in the province and nickel
has been observed in association with ash disposal drainages.

In the case of the Thompson River, annual monitoring at the two sites estab-
lished in the baseline study is considered adequate. Examination of worst
case conditions indicates that even under these conditions the effect on the
Thompson River would be negligible due to the large dilution factor of the
Hat Creek water (approximately 1000:1).




In addition to existing stations, it is recommended that a monitoring site
be established on Maclaren Creek and another site be established on Cornwall
Creek to monitor any effects from the ash pond and the access road. - At least

initially, all parameters monitored at other surface water sample points should
be included at these sites as well.

The implementation of these recommended monitoring programs will provide the
necessary data to determine the effect on surface water quality of the Hat
Creek Project. Monitoring of all point source discharges to receiving waters

will also likely be required under terms of permits issued by the Ministry
of the Environment.



8.3 WATER USE
(a) Ground Water

(i) Potable Water Supply from Wells

A drilling and testing program should be carried out to confirm proposed ground
water supplies. This should include the drilling of wells into the Marble
Canyon and Buried Bedrock Valley aquifers in areas close to the administration
and camp buildings. However, consideration should also be given to locat-

ing the wells away from potential sources of pollution.

In some areas, economic considerations may suggest that ground water sources
are desirable for the irrigation of revegetated slopes. A drilling and test-
ing program should be carried out to prove these water sources.

(b} Surface Water

(i) Irrigation

The discharge to natural waters of potentially unsuitable project waste waters
should be routinely monitored and strictly controlled to ensura acceptable
water quality for irrigation use. The two waste waters identified in this
study that might be potentially unsuitable are the mine seepage water and

the coal stockpile drainage water.

Surface waters should be monitcred throughout the project and evaluated
reiative to irrigation use.




(ii) Livestock Use

A user survey shouid be carried out to ascertain the effect that dewatering
of Finney and Aleece Lakes will have on the livestock watering capability of
the range area west of the mine pit.

Surface waters should be monitored throughout the project and evaluated
relative to livestock use.

(iii) Domestic, Municipal and Industrial

Surface water uses for these purposes should be monitored throughout the pro-
ject and their impacts evaluated relative to current projected uses and also
any changes in the surface water resources.

8 - 10
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