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SECTION 1.0 - INTRODUCTION

Numerous environmental studies related to the proposed Hat Creek
thermal powerplant development have been conducted over the past five
years to define environmental conditions in the region. Some of these
studies have been continued to provide more detailed background data.
The studies continued during 1980 at the Hat Creek site included the
following:

1. surface water and groundwater monitoring programmes to better
define existing conditions, '

2. Tleachate studies to provide a longterm assessment of the
characteristics of leachates from waste coal materials, and

3. meteorological and air gquality monitoring programmes to establish
background weather and air quality data.

The environmental trace element studies to determine trace element
concentrations naturally present in the terrestrial and aquatic
environments in the vicinity of Hat Creek were completed in 1979 and
were not continued in 1980.

During 1977 an extensive reclamation test programme was initiated using
materials from the Bulk Sample Program. The land reclamation tests
were designed to assess, on a large scale, the revegetation potenfial
of various coal waste and overburden materials and to evaluate other
variables pertinent to the successful revegetation of these waste
materials., In 1978 and 1979 the results of the reclamation programme
were assessed and modifications were made to improve or expand the
tests. In 1980 the reclamation programme was continued and a new test
was added to expand the revegetation test programme.
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The amount of precipitation in the Hat Creek valley during 1980 was
exceptional. The rainfall was the highest on record since 1961 and the
snowfall was the second lowest since 1961. This abnormal precipitation
influenced the 1980 results, as well, and will likely affect the 1981
results of the continuing environmental field studies at Hat Creek.

This report presents the results of the reclamation and environmental
studies during 1980. Data from previous years are also presented and
compared to the 1980 results. Similar reports were prepared in 1978
and 1979. Detailed descriptions of the field test plots and the
sampling and analytical procedures followed in the environmental
studies are presented in these reports(2’3’4)
detail in this 1980 report.

and are not repeated in
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2.1

2.2

SECTION 2.0 - REVEGETATION PROGRAMMES

INTRODUCTION

Detailed exploration of the Hat Creek coal deposits was undertaken
during 1974 to 1978, The exploration involved an extensive drilling
programme and excavation of three test trenches to extract a bulk
sample of coal for testing and to examine slope stabilities.
Reclamation of land areas disturbed by the exploration was commenced in
1974 and is continuing. No major exploration work has been done since
the end of 1978. A1l areas except those still in use, such as access
roadways and camp facilities, have been reclaimed. Special
revegetation test plots were established in 1977 using overburden and
coal waste materials obtained from the Buik Sampling Programme. The
revegetation programme is designed to provide large scale field data
for rehabilitation of waste materials during operation of the coal
mine.

The revegetation test programme during 1980 incliuded application of
fertilizer on various test plots; visual surveys of the revegetated
areas and test plots in April, June and September; nutrient analyses of
vegetation samples collected from the Aleece Lake test plots, and
establishment of a special garden where 21 varieties of grasses and
shrubs were planted. In this section the 1980 revegetation test
programme is described and the results of the three visual surveys and
the vegetation analyses are presented. The Tlocations of the
revegetated areas and the test plots are shown in Fig. 2-1.

FERTILIZER ADDITIONS

The soils and waste materials used in the revegetation programme were
analysed for plant nutrients and physical and chemical characteristics
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in 1977 when the test plots were established. Further analyses of the
soils for plant nutrients were carried out in 1978 and 1979, 1In the
spring of each year fertilizer additions were made based on the results
of the soils analyses. In April 1980, fertilizer was applied to the
test plots using a cyclone hand broadcaster. The amounts of fertilizer
applied were the same as that applied in 1979, as shown in Table 2-1.

A summary of the fertilizer additions made to the test plots since 1977
is presented in Table 2-2, In 1979 and 1980 lime was applied, at a
rate of 2250 kg/ha, to a 15 m x 15 m test plot on top of the coaly
waste pile at Trench A.

In-1979, a five year test program designed to assess the Tength of time

. that maintenance fertilizer must be applied for the establishment of

abundant, self-sustaining vegetation was started. Five test areas
where different fertilizer application schedules could be evaluated
were established. These areas include; the 3140 (baked clay) and
3120 {gritstone) dumps at Trench A, the large gravel dump at Trench B,
the colluvium parent material at the Houth Meadows test area, and the
bentonitic clay dumps at Trench C. At each of the five areas, five
plots of approximate equal area were designated, as shown in Figs. 2-2,
2-3, 2-4 and 2-5.

In 1977 and 1978 the dumps at Trench A were fertilized. The gravel
pile at Trench B and the Houth Meadow colluvium were fertilized in 1977
but not in 1978. The Trench C areas were fertilized only in 1978. In
1979 segments numbered 1 at each location were not fertilized and
others received the recommended fertilizer additions. In 1980 segments
numbered 1 and 2 were not fertiiized and the remaining three segments
were fertilized. After five years these plots will have received
maintenance fertilizer additions for a period ranging from one to seven
years.




1980 FERTILIZER ADDITION RATES ON RECLAMATION TEST AREAS

TABLE 2-1

test Area
Description

Aleece Lake

Colluvium 47 62 0 0

Glacial Gravel 47 62 0 0

Baked Clay g3 51 0 0

Gritstone 163 34 0 16

Bentonitic Clay 93 51 0 16

Coal Waste 47 62 0 0

Carbonaceous Shale 93 51 0 0

Fly Ash 42 23 84 0
Houth Meadows

Gravel Slopes 47 62 0 16

Parent Material 280 6 0 16
Medicine Creek

TiT1 47 62 0 16
Trench A

3160" Carbonaceous

Shale 47 62 0 0

3140' Baked Clay 47 62 0 16

3120' Gritstone 47 62 0 16

Coaly Waste 117 45 0 0
Trench B .

Gravel 140 40 0 16

Subsoil 140 40 0 16

Topsoil 93 50 0 16
Trench C 16-20-0-0

Bentonitic Clay 112 34 0 16

*Numbers indicate percent by weight of N, P205, Kzo-and Boron respectively.

HC25
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TABLE 2-2
SUMMARY OF SEEDING AND FERTILIZER ADDITIONS ON TEST PLOTS

Trench A Trench B Trench C
\ Coaly Aleece

Year 3160 3140 3120 Waste Gravel Topsoil Subsocil All dumps Lake Plots Siope Plots
1977 S/F S/F  S/F S/F S/F S/F S/F S/F S/F
1978 S/F S/F S/FF ¥ - - S/F F n
1979 F F F F F F F F F F
1980 F* F* F F F* F F F* F F*
S Seeded
F Fertilized
*

Portions of these dumps are being used for a 5 year program to assess the long term requirement for
maintenance fertilizer.

HC25
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2.3

The maintenance fertilizer addition tests are assessed during the
vegetation surveys and the results are reported in section 2.3,
Vegetation Surveys.

VEGETATION SURVEYS

(a) Introduction

Qualitative assessments of vegetation growth on the test areas at
Hat Creek were made three times during 1980. Surveys were carried
out in early spring and fall to evaluate growth and changes during
the growing season. An additional! survey, in which plant cover,
species composition and plant condition were recorded, was
conducted in June. The results of the June survey were used to
assess the overall progress of the reclamation tests at Hat Creek
over the past three years since planting in 1977, This assessment
is the subject of a report entitled “Revegetation Potential of
Waste Materials" prepared by Monence Consultants Pacific Ltd.(l)

The results of the spring and fall surveys and a summary of the
June survey results are presented in this report. The detailed
results of the June survey, which include nutrient analyses of
plant material from selected plots, are presented in the Monenco
report.(l) o

In 1980 the total precipitation, measured at the I. Lehman ranch,
was 358 mm, about 13 percent above the normal level of 317 mm.
‘During the spring and summer rainfall was considerably above
normal. In June rainfall totailed over 110 mm. This abnormally
high level of moisture created excellent conditions for plant
growth, ‘

In the spring and fall visual surveys plant cover was estimated
using four ranges: 0 to 25, 26 tec 50, 51 to 75 and
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(b)
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76 to 100 percent coverage. Species composition are rough
estimates with native species referred to collectively as weeds.
Plant conditions were noted where appropriate.

The results of the visual surveys are summarized in the following
sections. Photographs of many of the test plot areas are included

for reference.

Aleece Lake Test P]ots(z)

In general all of the Aleece Lake test plots showed good growth
during the 1980 growing season. Of note was the poor performance

of sainfoin, the legume in Seed Mix II. This may have been due to

competition with other species. Rodent activity was evident on
almost all plots, particularly on the topsoiled portions.
However, evidence of rodents was not observed on the bentonite
clay plot.

(i) Colluvium

Seed Mix I - In early spring plant cover on the topsoiled
portions of the plot was clearly less than on the bare
material. However, by fall both halves of the plot showed
essentially the same wuniform cover of between 75 and
100 percent. Vegetation was'dominaied.by crested wheatgrass
with ¢ 5 percent alfalfa. As indicated in previous reports
this is attributed to the early competi%ion from fall rye
with which these species were seeded. Canada bluegrass
remained essentially absent.

Seed Mix II - There was almost no difference between
topsoiled and non-topsoiled halves both showing 100 percent
cover in both spring and fall. Vegetation was about half
sliender wheatgrass and half Russian wild rye. Sainfoin,
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(i)

which was prolific in 1979 was almost absent this year;
presumably it was outcompeted by the grasses.

Seed Mix III - There was essentially 100 percent cover with
approximately half streambank wheatgrass and half smooth
bromegrass. Legumes were absent except for the odd red
clover plant on the perimeter of the plot.

General -~ Weeds were present but in small numbers on the
topsoiled half of the plot, they did not appear to affect the
agronomics. The degree of plant maturity and size of grasses
of Seed Mix I and II was less than expected. This could be
due to excessive competition or browsing by animals. The
latter is clearly a possibility as a large number of deer
droppings were noted on the plots.

Baked Clay

Seed Mix I - Overall cover improved from 50 to 75 percent

in the spring to 100 percent in the fall. Alfalfa was
present in minor amounts about the edges of the plot.
Crested wheatgrass was the only grass present and accounted
for most of the cover.

Seed Mix II - As with Seed Mix I the cover improved from 50

to 75 percent to 100 percent during the year. Siender
wheatgrass accounted for the majority ‘of this but good
productivity and cover was also exhibited by Russian wild rye
and sainfoin.

Seed Mix III - Streambank wheatgrass and smooth bromegrass

both showed good cover with the former doing particularly
well on the topsoiled half of the plot. Cover improved
during the year although the topsoiled portion showed less
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Aleece Lake - Baked Clay April 1980,

Aleece Lake - Baked Clay

September 1980,
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(111)

than 100 percent in the fall. Legume was present only about
the plot perimeter,

Glacial Gravel

Seed Mix I - No major changes in cover were noted during
the year with 75 to 100 percent cover on the non-topsoiled
portion and 50 to 75 percent on the topsoiled area 1in
September. Grass dominated in both cases although alfalfa
showed improved performance in terms of size and maturity
during the year especially on the bare material.

Seed Mix II - Cover improved towards 100 percent during the
year with Russian wild rye the dominant species present.
Sainfoin showed excellent performance accounting for about
30 percent of the cover. J

Seed Mix III - This plot improved from the spring
assessment of 50 to 75 percent cover to 75 to 100 percent
cover in September. Grasses, streambank and smooth brome,
dominated, the former better on the topsoil portion and the
latter better on the non-topscil side of the plot. Legume

was present in Timited quantities about the plot perimeter.
Plants were mature.

Gritstone (Sandstone, Claystone)

Seed Mix I - This plot showed improved cover during the

year with the topsoiled half approaching 100 percent cover by
September. Crested wheatgrass accounted for almost all of
this cover, alfalfa with 2 to 5 percent cover made up the
balance.

Seed Mix II - Cover improved substantially over the year

with 100 percent cover in the fall on the topsoiled portion.
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Sainfoin was affected by the increased competition provided
by slender wheatgrass and Russian wild rye. In the spring
the Tlegume appeared in abundance but by September it
represented less than 5 percent of the vegetation cover. The

W

two grasses were present in approximately equal gquantities.

=2 L]

Seed Mix III - This portion of the plot showed clearly the
advantage of even a thin layer of topsoil. Approximately

|

50 percent cover was present with many patchy areas on the
non-topsoiled section while on the topsoiled half cover was
close to 100 percent. The double cut red clover was present
in small quantities at the plot edges. The two grasses,

.

streambank and smooth brome were present in about equal
guantities. '

™ €2

{v) Bentonitic Clay

=

Seed Mix I -~ The non-topsoil portion showed patchy cover of
about 25 percent comprised almost exclusively of crested
wheatgrass. The plants appeared healthy with a good level of
maturity. The presence of topsoil was beneficial, cover was
in the 50 to 75 percent range and uniform.

S B

Seed Mix Il - Overall cover did not change appreciably
during. the year. On the ﬁon-topéoi1 portion of the plot
cover was approximately 25 percent and patchy. Vegetation
consisted mostly of grasses with about 5 percent sainfoin.
Plants appeared healthy and about half of the plants were
mature. With topsoil the cover became more uniform and

- £ T°

averaged about 75 percent. A similar species mix to that on
the non-topsoil side was evident.

e

Seed Mix III - Cover on the topsoil portion improved
slightly during the year to 75 percent with streambank
wheatgrass dominating. Without topsoil, cover was patchy and

2 o
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Photo 5. Aleece Lake - Carbonaceous Shale April 1980
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éveraged about 50 percent. Grasses showed good maturity on
both halves of the plot. Legume, double cut red clover, was
essentially absent.

Carbonaceous Shale

Seed Mix I - Vegetation was essentially absent from the
non-topsoiled portion of the plot while ¢n the topsoiled half
patchy growth of crested wheatgrass to an overall cover of
25 to 50 percent was present.

Seed Mix II - Non-topsoil side was bare of vegetation.
Patchy growth ranging from 0 to 75 percent cover was present
with topsoil. Dense patches the grasses on the topsoil
showed good growth, although they had a Tow 1level of
maturity. The patchy cover may be partially due to different
thicknesses 1in the surface layer of topsoil. Sainfoin was
present (<5%) only on the topsoiled portion of the plot.

Seed Mix III - Moisture appeared to have collected in a
depression on .the non-topsoil portion of the plot and
resulted in a good catch of streambank and smoothbrome.
Plants near this depression appeared healthy. The balance of
the non-topsoil portion of the plot was bare., With topsoil
the cover was 25 to 50 percent and more uniform. It was

mostly streambank wheatgrass.

Coaly Waste

Seed Mix I - Without topsoil growth was patchy with overall
cover to 25 percent comprised almost exclusively of crested
wheatgrass; one large Canada bluegrass plant was present.
Plants were relatively large in the fall and showed good
maturity. With topsoil, cover increased to 50 to 75 percent
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and showed similar size and maturity to the non-topscil area.
Only crested wheatgrass was present.

Seed Mix Il - Improved cover from previous years was
evident although no major improvement was noted during the
1980 growing season. On the non-topsoil plot overall cover
was about 25 percent although a large number of bare spots
existed. With topsoil, cover improved both in uniformity and
density to 25 to 50 percent. Slender wheatgrass dominated
the vegetation with Russian wild rye and some sainfoin also
present. Plants generally showed good maturity.

Seed Mix IIl - Vegetation on the non-topsoil portion of the
plot improved slightly during the growing season less than
25 percent and patchy. With topsoil, cover was more uniform
and averaged approximately 50 percent during the year.

Streambank wheatgrass was the dominant species present with
smoothbrome amounting to less than 10 percent of the cover.

Fly Ash

Seed Mix I ~ Cover improved on the non-topsoil side from
25 to 50 percent in the spring to 50 to 75 percent by fail.
On topsoil, the vegetative cover remained at- the same level
throughout the year, 50 to 75 peréent. Crested wheatgrass
was the only species present on the bare materials, while on
topsoil, alfalfa accounted for & percent-of the cover. The
grass exhibited reddish stems, possibly due to magnesium
deficiency, and the legumes were chlorotic.

Seed Mix II - The non-topsoil portion of the plot was very

poorly covered, less than 25 percent and patchy. Vegetation
was present in clumps, mostly Russian wild rye, some of which
appeared healthy while others were stunted. With topsoil,
the cover was greatly improved, 75 to 100 percent, again
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Photo

Photo 8.

Aleece Lake Fly Ash - April 1980.

Aleece Lake Flv Ash - September 1980.
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dominated by Russian wild rye, Sainfoin was present
particutarly around the edges of the plot. On both sides the
Russian wild rye showed excellent maturity.

(c} Slope Test Plots

(1)

Houth Meadows

22° Slope - Reclamation of the topsoiled half of the test
plot continued to be less successful than the bare material.
In early years native species, the seeds of which were
transported with the topsoil, provided excessive competition
to the agronomics seeded. This situation appeared to be
changing, in 1980 crested wheatgrass accounted for 90 percent
of the cover present on the lower portion of the topsoiled
plot. On the upper slope, native weed still accounted for
80 percent of the cover. In both cases overall cover was
less than 50 percent, Alfalfa was present but only in small
numbers.

Without topsoil, covér and species diversity is much
improved. " The grass:legume ratic was approximately 1:1
(crested wheatgrass:alfalfa) and cover was up to 75 percent.
Erosion was not evident.

26° Slope - The topsoiled plot showed ~marked improvement
from 1979 with weeds accounting for less than 20 percent of
the cover on both lower and upper slopes. 0Of the agronomic
species planted crested wheatgrass was by far the most
successful. Alfalfa was present but in Timited quantities.

Without topsoil reclamation was excellent, 75 to 100 percent

cover with close to a 1:1 grass:legume mix on both upper and
lower slopes. On the wupper slope there was a slight

2 - 10
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dominance of alfalfa. The plots displayed good improvement
during the 1980 growing season.

30° Slope - Both halves of the plot showed improvement
during the year. On the topsoil side the lower slope showed
about 50 percent cover in the fall, up from less than
25 percent in the spring. Grass:legume ratios were
approximately equal with oniy a 5 percent contribution to
total cover from weeds. Reclamation of the upper slope with
topsoil was poor although improvements did take place during
the growing season. Weeds accounted for 90 percent of the
ground cover,

Without topsoil reclamation was satisfactory with up to
50 percent overall aerial cover. Plants were uniformly
distributed and weeds were not significant. Grass and
legumes were present in approximately equal proportions.

General - Overall the slope plots at Houth Meadows showed

good reclamation on the bare material. Improvements were
evident on the topsoil where the seeded agronomics were
overcoming the competition from weed species. Nevertheless
the non-topsoil slopes remained superior. Rodent activity
and browsing occurred throughout the siopes which may have
accounted for the indications of lower than expected plant
maturity. Slopes showed no signs of waterborne erosion even
though rainfall was greater than normal pérticu1ar1y in June.

Parent Material - The harrow seeded area of parent

materials at Houth Meadows exhibited excellent reclamation
cover which improved from about 50 percent in the spring to
essentially 100 percent by fall. Crested wheatgrass and
alfalfa were present at about 2:1 ratio. The grasses
exhibited purplish stems, possibly indicative of phosophorus
deficiency.

2 - 11



Topsoiled Area

Photo 9

April 1980.

Houth Meadows Test Area

September 1980.

Houth Meadows Test Area

Photo 10.
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On the hydro seeded area, where in previous years alfalfa
dominated, crested wheatgrass developed very well during
1980. The grass:legume ratio was 1:2 in the fall. Cover was
essentially complete and similar to-the harrow seeded area.

Medicine Creek

22° Slope - An increase 1in cover and an improvement iﬁ
Yegume {alfalfa) development occurred during the year. Cover
averaged about 50 percent with less on the upper slope and
more on the Tower slope. C(rested wheatgrass was dominant but
Canada bluegrass was present in minor quantities.

26° Siope - This slope showed excellent improvement over
the year, progressing from approximately 25 percent to 50 to
75 percent cover. Legume development was limited especially
on the upper half of the plot -where it made. up less than
20 percent of the vegetation. The dominant species was
crested wheatgrass.

30° Slope - This slope displayed excellent reclamation with
cover, in the fall, of 50 to 75 percent, improved from the
spring assessment of 25 to 50 percent., Crested wheatgrass

was the dominant species, alfalfa was present in minor

amounts (5%) especially on the upper slope. Some fall rye
was present presumably as a result of self-seeding.

General - The Medicine Creek slopes showed no signs of

waterborne erosion. Rodent activity and browsing was
extensive throughout the test area. Lower slopes generally
exhibited a better catch and productivity of legume. A
rust-type fungal infection was evident on crested wheatgrass
and fall rye. This was manifest as oversized, black seeds on
the spikes.

2 - 12



Photo 11. Trench A - 3160 Dump - Furrowed Area 4 - September 1980.

Photo 12. Trench A - 3160 Dump - Area 3 - September 1980.
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(d)

(1)

Trench A

3160 Carbonaceous Shale Dump

3160 Dump Surface - The carbonaceous shale dump surface was
divided into five areas and reseeded in 1978. The areas and
the seeding pattern are shown in Fig. 2-2,

Areas 4 and 5 were furrowed prior to seeding to provide
improved moisture retention. Growth in the furrows was
excellent and it seemed to be expanding along the furrows.
The fine texture of the carbonaceous shale resulted in the
progressive filling in of the furrows; however, this did not
appear to have reduced plant growth in the furrows.
Individua1 species sown have not developed in such a manner
to warrant individual assessments,

Area 3 was seeded without any surface treatment, no topsoil

~or furrows. It was essentially devoid of vegetation except

for the odd weed or where water had eroded a channel and
grasses and growing in the channel.

Areas 1 and 2 were topsoiled (15 cm) prior to seeding but no
furrows were created. In these two areas weeds developed
rapidly and have provided appreciable competition to the
agronomics. Relative abundance of agronomics and weeds,
overall cover and cover type are shown in Table 2-3. Area 2
had fewer weeds and better growth of agronomics than Area 1
although ne reason for this was evident. Growth on these
areas showed a major improvement during 1980.

3160 Dump Face - The area graded to 26° showed poor growth

during 1980 probably due to the erosion of this very fine
textured and hydrophobic material. Large areas were
essentially devoid of cover although those piants present

2 - 13
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SEPTEMBER SURVEY OF GROWTH AT TRENCH A 3160 DUMP SURFACE

Species

Area 1

Hard Fescue

Doubte Cut Red Clover
Tall Wheatgrass

Birds Foot Trefoil
Streambank Wheatgrass
Tall Fescue

Area 2

Smooth Bromegrass

Sainfoin
Crested Wheatgrass
Atfalfa
Slender Wheatgrass

TABLE 2-3

Cover % Cover Type Agronomics % Weeds %
0-25 Uniform 5 95
25-50 Patchy <l 2100
25-50 Uniform 60 40
50-75 Patchy 0 100
50-75 Uniform 10 a0
50-75 Patchy <5 95
50-75 Patchy 80 20
25-50 Patchy 50 50
50-75 Uniform 80 20
25-50 Patchy 25 75
50-75 Uniform 80 20



Photo 13. Trench A - 3140 Dump Surface April 1980.
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Photo 14. Trench A - 3140 Dump Surface September 1980.
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(i1)

were large and displayed good maturity. Germination seemed
to be the major problem with this material rather than any
inherent toxicity.

The area left at its natural angle of repose of about 34°
showed much better results. Erosion was not as much a
problem since some coarse material present stabilized the
surface. Cover approached 100 percent with an approximately
1:1 grass:legume mix. The upper quarter of the dump, which
is carbonaceous material, was essentially bare.

3140 Baked Clay Dump

3140 Dump Surface - This dump displayed exceltlent
reclamation with 100 percent cover. Growth during the year
was excellent. The relative abundance of the agronomic
species was as follows: smooth bromegrass 30 percent,
crested wheatgrass 30 percent, slender wheatgrass 25 percent,

sainfoin 10 percent and alfalfa 5 percent. All species
showed good maturity and productivity. However, grazing by
deer was extensive, particularly on the legumes.

3140 Dump Face - The baked clay dump face also showed very

good reclamation. The area sloped to 26° had 100 percent
cover, the area left at its natural angle of repose had 50 to
75 percent cover.  Grass:legume ratio, that fs crested
wheatgrass:alfalfa, on the 26° slope was greater than on the

natural dump, 3:1 and 1:1 respectively. Both areas showed.

good plant maturity and biomass production. There was
evidence of rodent activity and grazing by wildlife.

2 - 14
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(i31) 3120 Baked Clay and Gritstone Dump

c

3120 Baked Clay Dump Surface - This area showed very good
reclamation with 50 to 75 percent cover. The species mix was

{ W

as Tfollows: tail wheétgrass 80 percent, streambank wheat

[ grass 10 percent, slender wheatgrass 5 percent and alfalfa
5 percent. Birdsfoot trefoil was absent. The alfalfa
present was mostly at the edge of the area.

-
-

3120 Gritstone Dump Surface - This area had improved cover

—

and biomass productivity although there were still
substantial areas without vegetation. The overall cover was
Tess than 25 percent. Crested wheatgrass dominated with the
balance, which was less than 10 percent, alfalfa.

coc

3120 Gritstone Dump Face - Reclamation on the slope graded
to 20° was satisféctohy with cover of 25 percent to
50 percent. Alfalfa was present but not abundant. On the
30° slope, vegetation was present predominantly along the
equipment tracks. As with the 20° slope the vegetation was
atmost exclusively crested wheatgrass. The free dumped siope
38° was starting to fill in, although, overall cover remained
poor at less than 25 percent. Again crested wheatgrass was
the dominant species present.

~

— C

(iv) Coaly Waste Pile

On the surface of the coaly waste pile the cover was patchy
although there was improvement during the year. Overall

- =

cover in the fall was less than 25 percent. The slopes,
particularly the north facing one, was much improved with
cover to 50 percent in some areas. Biomass production was
geod and the vegetation appeared to be healthy.

r1 L3 -

—
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Photo 15. Trench B - Gravel Pile September 1980.
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(e)

(f)

Trench B

(1)

(ii1)

Topsoil Pile

Vegetation on the topsoil pile was dominated by weeds.
However, crested wheatgrass had progressed and accounted for
up to 15 percent of the vegetation, a marked improvement over
previous years. Overall cover was approximately 100 percent.

Subsoil Pile

This subsoil area showed excellent reclamation, 100 percent
cover and good biomass production. Crested wheatgrass was
the dominant species at 85 percent while alfalfa at
10 percent and Canada bluegrass at less than 5 percent made
up the vegetation cover., This was one of the few areas where
Canada bluegrass was found.

Gravel Pile

The harrow seeded area continued to display more complete
reclamation than the hydro seeded area. Cover on the harrow
seeded area was 75 to 100 percent with few bare patches.
Biomass productivity was excellent. The proportion of
alfalfa to crested wheatgrass was abproximateiy 1:2. On the
hydro seeded area, alfalfa showed excellent productivity and
accounted for 55 percent of the vegetatfon. Overall cover
was uniform in the range 50 to 75 percent.

Trench C - Bentonitic Clay

The three waste dumps at Trench C were seeded and fertilized in
the fall of 1978. 1In 1979 the three dumps were divided into five
areas for the long term fertilization tests. The Trench C areas
and the seeding pattern are shown in Fig. 2-5.

2 - 16
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(1)

(11)

(ii1)

Dump 1 Surface

Initial patchy growth on the topsoiled area improved greatly
during the year and had 50 to 75 percent cover by fall. Some
patches still remained. Species diversity was good, tall
wheatgrass did particularly well and alfalfa showed good
establishment.

Cover also improved on the bare material although many
patches remained. Growth was good on the area surfaced with
baked clay (for vehicle traction). Legumes were stunted and
generally chlorotic as were some of the grasses. Overall
cover was less than 25 percent.

Dump 1 Slopes

Patchy cover was present on the topsoiled slope with overall
cover of less than 25 percent. The plants present were
Targe. On the non-topsoiled slopes cover was not as good as
the topsoiled area. Improvement occurred over the year.
Tall wheatgrass showed good growth while legumes did not.

The relative abundance of agronomics and weeds on the Dump 1
plots are shown in Table 2-4.

Dump 2 Surface

Surface preparation before seeding at Dump 2 included the
ploughing to create furrows to improve water collection. On
both topsoil and non-topsoil areas the furrows proved most
effective in promoting plant growth. Cover on the topsoil
was uniform and approached 50 percent. Legumes success was
1imited while tall wheatgrass was the most successful of the
grasses. On the bare material growth was essentially
restricted to the furrowed areas. Overall cover was Tless

2 - 17
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(iv)

(v)

(vi)

than 25 percent. In the furrows the vegetation showed good
growth and the grasses were dominant.

Dump 2 Slopes

The non-topsoiled portion of the dump faces showed unexpected
good growth, cover was 50 to 75 percent with excellent growth
of both tall wheatgrass and alfalfa. On the topsoiled slopes
there were many large patches without any vegetation.

The relative abundance of agronomics and weeds on the Dump 2
plots are shown in Table 2-5.

Dump 3 Surface

The surface was seeded with individual agronomic species and
with a seed mix. The individual species results are
summarized in Table 2-6.

The area at Dump 3 that was seeded with Seed Mix VI showed
mixed results. On the topsciled area reclamation was
excellent. Uniform cover approaching 100 percent was evident
with the vegetation dominated by grasses. On the non-topsoil
area, which previous1y had been essentialiy barren, several
species appeared to be established. Plants were not as
productive as on the topsoil but were in reasonable good
condition. The overall cover was less thén 25 percent.

Dump 3 Slopes

The topsoiled slopes did not do as well as the surface with
topsoil. Vegetation was present in patches but where present
there was good biomass production. Without topsoil growth
was very patchy. In both areas the overall cover was less
than 25 percent.

2 - 18
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TABLE 2-4
SEPTEMBER SURVEY OF GROWTH AT TRENCH C DUMP 1

Relative Plant Abundance - %

Surface Slopes

Species Topsoil No Topsoil Topsoil
Tall Wheatgrass 40 50 40
Streambank Wheatgrass 15 30 15
Slender Wheatgrass 10 10 15
Alfalfa 25 10 10
Birdsfoot Trefoil 0 0 0
Weeds 10 0 20

TABLE 2-5

SEPTEMBER SURVEY OF GROWTH AT TRENCH C DUMP 2

Relative Piant Abundance - %

Surface Slopes
Species Topsoil No Topsoil  Topsoil  No Topsoil
Tall Wheatgrass 40 55 50 50
Streambank Wheatgrass 20 20 10 10
Slender Wheatgrass 20 20 10 10
Alfalifa 10 . 5 5 30
Birdsfoot Trefoil -0 .0 0 0
Weeds 10 0 25 0
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TABLE 2-6

SEPTEMBER SURVEY OF GROWTH AT TRENCH C DUMP 3 SURFACE

Species

With Topsoil
Sainfoin

Alfalfa

Tall Wheatgrass

Streambank
Wheatgrass

Birdsfoot Trefoil

Slender
Wheatgrass

Without Topsoil
Sainfoin

Alfalfa

Tall Wheatgrass

Streambank
Wheatgrass

Birdsfoot Trefoil

Slender
Wheatgrass

Relative
Abundance - %

Agronomics  Weeds Cover %
100 0 25 to 50
100 0 50 to 75
100 0 75 to 100
100 0 75 to 100

Absent 0 -
100 0 <25
5 95 <25
85 15 <25
100 0 <25
100 0 <25
Absent - -
100 D <25

Comments

Good catch.
cover,

Uniform
Some chlorosis.

Similar to Sainfoin
but better cover.

Excellent growth and
maturity. Very uniform
cover.

Similar to Tall
Wheatgrass.

Patchy. In centre
plants were stunted but
much better at front and
back of plot. Good
maturity.

Plants were stunted and
chlorotic but growth
was better than last
year.

Similar to Sainfoin but
with even Tess cover.

Plants were stunted
and brown. Cover was
less than 10 percent.

Similar to Tall
Wheatgrass

Very few plants.

Plants were stunted

and dried out. Cover
was less than 5 percent.
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SEPTEMBER SURVEY OF GROWTH AT TRENCH C DUMP 3

Species

Tall Wheatgrass
Streambank Wheatgrass
Stender Wheatgrass
Alfalfa

Birdsfoot Trefoil
Weeds

TABLE 2-7

ReTative Plant Abundance - %

Surface Stopes
Topsoil No Topsoil  TJopsoil No Topsoil
50 50 25 70
20 25 25 10
20 25 25 10
20 <5 25 10
¢ 0 0 0
0 0 0 <5
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(g}

The relative abundance of agronomic and weeds on the surface
and stoped areas of Dump 3, that were planted with Seed
Mix VI, are shown in Table 2-7.

Drill Sites

Reclamation of exploration drill sites and roads was completed in
the fall of 1978.

During September 1980, 12 drill sites that were disturbed in
different years were selected and the progress of reclamation
evaluated,

In most instances reclamation has progressed well with drill sites
in better condition than the surrounding native vegetation.
Details of those drill sites inspected and photographs of some of
the sites are given below. Data on ground cover, species and
cover type are provided along with general comments concerning the
recltaimed sites and surrounding area.

Relative Plant

Drill Hole Cover % Abundance - % Comments
DDH 76-121 25 te 50 Tall Wheatgrass 10 Better growth than
Patchy Crested Wheatgrass 5 in surrounding
- but could be
improved.
DDH 76-~128 25 to 50 Crested Wheatgrass 10 Only slightly
(see Patchy Smooth Brome 5 © better than
Photo 17) Alfalfa 10 surrounding native

Native Species 75 cover. Plants in
good condition.

DDH 76-166 25 to 50  Smooth Brome 20 Good mix of agro-

{see Uniform Crested Wheatgrass 10 nomic and native

Photo 18) Streambank 5 species. Legume
Alfaifa 5 not abundant.

Native Species 60

2 ~ 19



Photo 17. DDH76-128 September 1980
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Drill Hole Cover %
DDH 76-815 50 to 75
Mostly
Uniform
RH 77-23 50 to 75
Uniform
DOH 77-226 50 to 75
Mostly
Uniform
DDH 77-251 75 to 100
(see Uniform
Photo 19)
DDH 77-845 75 to- 100
Mostly
Uniform
DDH 78-261 75 to 100
Uniform
DDH 78-262 75 to 100
(see Mostly
Photo 20) Uniform

Relative Plant
Abuindance - %

Crested Wheatgrass 30
Alfaifa 30

Smooth Brome 20

Tall Wheatgrass 10
Native Species 10

Crested Wheatgrass 15
Streambank 5

Srmooth Brome 5
Alfalfa 5

Native Species 70

Crested Wheatgrass 15
Smooth Brome 20
Alfalfa 10

Native Species 55

Crested Wheatgrass 15
Slender Wheatgrass 60
Smooth Brome 5

Fall Rye <b

Alfalfa 10

Native Species 10

Crested Wheatgrass 70
Smooth Brome 20
Alfalfa 10

Native Species <b

Crested Wheatgrass 80
Fall Rye <5

Alfalfa 15

Native Species <5

Crested Wheatgrass 80
Alfalfa 15

Fall Rye Not Present
Native Species 5

2 - 20

Comments

Good grass/legume
mix. Plants large
and in good condi-
tion. Good
reclamation.

Grasses and Tegume
suffering from
competition from
native species.
This rotary hole
was not greatly
disturbed during
drilling hence
large native
species content.

Good mix of native
and agronomic
species. Plants
in good condition.

Excellent recla-
mation although
legume growth was
poor.

Good biomass pro-
duction and
maturity shown by
both grass and
Tegume.

. Good reclama-

tion. Better than
surrounding area.

Good reciamation.



Photo 19. DDH 77-251 September 1980.

0

Photo 20. DDH 78-262 September 198
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Relative Plant

Drill Hole Cover % Abundance - % Comments
DDH 78-266 100 Crested Wheatgrass 15 Good reclamation.
Uniform Smooth Brome 25 Legumes showed
STender Wheatgrass 15 Tower biomass
Alfalfa 10 production than
Native Species 20 grasses.
DDH 78-287 75-100 Crested Wheatgrass 40 Good reclamation.
Uniform Smooth Brome 40 Biomass produc-
Alfalfa 200 tivity high.
Native Species Not Patches due to
Present disturbances by
vehicies.

VEGETATION EVALUATION PLOTS

In April of 1980 a test area was estabTished at Hat Creek in which all
species of grasses and legumes used at Hat Creek could be grown and
collected for preparation of museum sampies. The area was located
between the B.C. Hydro house trailer and the road, about 5 m north of
the camp well (BAH??-OI), This location was selected because it was
close to the B.C. Hydro trailer {(office), the soil appeared to be of
good quality and there was water available for irrigation.

In mid April a 9mx 9m area was scarified using a backhoe,
roto-tilled and then worked by hand to remove weeds, roots and large
rocks., Twenty-five 1 m x 1 m sguare test plots raised about 20 cm
above normal ground level were constructed fn the 9 m x 9 m area and it
was fenced with barbed wire to keep out grazing animals. The plots
were fertilized with monoammonium phosphate (11-48-0), urea (46-0-0)
and borate 68 (0-0-0-21) at rates of 140, 40 and 16 kg/ha respectively.

Each test plot was planted with a single'species. The grasses and
legumes were sown to achieve a uniform seed distribution of about
2150 seeds/mz, Cuttings of willow and root cuttings from rose and
poplar were also planted. Three cuttings.each of rose and poplar were

2 - 21
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planted immediately following sampliing. A further three cuttings of
each were stored in water for approximately 40 days and then planted
out. The plots were weeded weekly and watered as required throughout
the growing season.

The planting program for the vegetation evaluation plots is shown in
Table 2-8.

During 1980, all of the grass and legumes germinated and grew well.
The roses and willows also grew well, Only one of the six poplar
cuttings grew. Vegetation samples were coilected by Acres Consulting
Services Limited on 8 July and 17 September. These were dried and
preserved as museum samples in a booklet entitled "Reclamation Species
Descriptions and Samples” prepared for B.C. Hydro by Acres Consulting
Services Limited. No quantitative sampling to evaluate growth, biomass
production or nutrient levels were carried out in 1980. The growth on
these plots during 1980 is shown in the photographs in this section.

2 - 22
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TABLE 2-8
VEGETATION EVALUATION PLOTS

Plant

Crested Wheatgrass (Nordan)
Alfalfa (Drylander)

Canada Bluegrass

Fall Ryegrass

Slender Wheatgrass

Russian Wild Ryegrass

White Clover .

Sainfoin (Melrose)

Smooth Bromegrass (Manchar)
Streambank Wheatgrass (Sodar)
Canada Bluegrass (Reuben's)
Double Cut Red Clover

Hard Fescue (Durar)

Tall Fescue (Altar)
Birdsfoot Trefoil (Cascade)
Tall Wheatgrass (Altar)
Creeping Red Fescue

Mixed Blossom Sweet Clover
Willow

Wild Rose

Poplar

Date
Seeding Planted
Seeds/g Rate g/m? 1980
385 5.6 25 April
469 4.6 25 April
5512 0.4 25 April
40 54.0 3 May
353 6.1 25 April
375 5.7 25 April
1000 2.2 25 April
40 54.0 25 April
275 7.8 3 May
375 5.7 25 April
5512 0.4 25 April
606 3.5 25 Aprii
1245 1,7 25 April
400 5.4 25 April
1036 2.1 25 April
174 12.1 25 April
1356 1.6 3 May
578 3.7 25 April
Six stem cuttings 9 June
Three root cuttings 26 April
Three root cuttings 9 June
Three root cuttings 26 April
Three root cuttings 9 June
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3.1

SECTION 3.0 - WATER QUALITY MONITORING

INTRODUCTION

Since 1977 several water quality monitoring programmes have been
started to provide background data and to monitor possibie effects of
the mining activities on surface and groundwater quality in the Hat
Creek area. During 1980 the following water quality monitoring
programmes were conducted:

1.

Surface Water Quality - samples were collected at five stations
that were monitored in previous surveys.

Hat Creek Water Level - the level of water in Hat Creek adjacent
to Trench B and in the Trench B excavation itself were measured

throughout the year. The groundwater levels in drill holes near

Trench B were also measured. Both of these monitoring programmes
were started in the fall of 1979.

Groundwater Quality - groundwater samples were collected from
three wells that were sampled in previous years and from one well
which had not been sampied previously.

Coliform Survey - samples were collected monthly from two stations

in Hat Creek and from the B.C. Hydro camp well and analysed for
total and faecal coliforms. This programme was initiated in the
fall of 1979 and continued through 1980.

Coal Waste Leachates - determination of the volumes and chemical

characteristics of leachates from the two specially prepared coal
waste piles was continued during 1980. Selected daily leachate
samptes were sent for detailed physical-chemical analyses.
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3.2

6. Surface Water Mercury Levels - in May 1980 monthly sampling of Hat
Creek and the Bonaparte River was commenced to obtain samples for
Tow Tevel mercury analyses.

The procedures and resuits of the water quality monitoring programmes
completed during 1980 are presented in this section., Where possible
the current data is compared to that obtained in previous years.

SURFACE WATER

Surface water sampling has been carried out since 1977 to establish
background water quality information in the Hat Creek area. During
1980 surface water samples were collected at five stations, three in
Hat Creek, and in Medicine Creek and Ateece Lake. The locations of the
sampling stations are as follows:

Hat Creek Station 1

Immediately east of Hillman house.
2 - Upstream of Trench B adjacent to the bunkhouses.

3 - Approximately 0.5 km downstream of Trench B -
upstream of the Hat Creek Road bridge.

Approximately 6‘km up;tream of its confluence
with Hat Creek.

Medicine Creek

Aleece Lake - Near centre of lake ~70 m from North shore.
Radiochemical samples taken through ice ~7 m
from shore.

Hat Creek stations 1 and 3 and Medicine Creek were sampled in previous
years whereas Hat Creek station 2 was last sampled in 1977. The Aleece
Lake station was a new sampling station established in 1980.
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The water quality samples were collected from various stations by B.C.
Hydro personnel in July, October and November. The samples were
filtered and preserved in the field as required {following procedures
detailed in the report by Beak Consultants Limited, May 19785) and
analysed at the B.(C. Hydro research and development 1laboratory 1in
Surrey. The radiochemical parameters were determined by Chemex Labs
Ltd., North Vancouver.

The results of the §urface water quality monitoring programme for 1980
and previous years are presented in Tables 3-1 to 3-5. As expected the
surface water quality in Hat Creek and Medicine Creek has not changed
significantly from that found in the previous surveys.

During the freshet in May and June, samples were obtained from Hat
Creek and Medicine Creek for suspended solids and other analyses.
Samples were collected from Hat Creek at its confluence with Anderson
Creek, at the Highway 12 Hat Creek Road junction and from Medicine
Creek about 1 km from the confluence with Hat Creek. Further samples

~ were also collected on 12 August when the turbidity in Hat Creek was

noticably dincreased. The samples were collected by B.C. Hydro
personnel and frozen until delivered to the B.C. Hydro research and
development Taboratory for analyses.

The results of the solids surveys are presented in Table 3-6. The
concentrations of suspended solids in Hat Creek were substantially
higher than during the same period in 1979. This reflects the higher
flows in Hat Creek during the 1980 freshet (peak flow 9.55 m3®/s on
7 June 1980, measured at Upper Hat Creek); in 1979 the peak flow was
only 1 m3/s. The high levels of suspended and dissolved solids on 12
August were caused by increased runoff after a short period of heavy
rainfall.
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HAT CREEK WATER LEVEL

In October 1979 a monitoring programme was initiated to compare the
water levels 1in Hat Creek and in the Trench B excavation which is
adjacent to the creek. It was suggested that the flow in Hat Creek may
be reduced by this excavation. This programme was continued during
1980,

Two measurement stakes were installed, one at the south end of Trench B
in the middle of the excavation and the other on the west side of Hat
Creek, directly west of the trench stake. The stakes were calibrated
from a known benchmark., Water level readings were taken periodically
during the year. When there was ice cover water level readings were
taken through the ice. '

The results of the water level monitoring are presented in Fig. 3-1 and
in Table 3-7. The data indicate that the water levels in Hat Creek and
the adjacent Trench B excavation move independently. The water level
in Trench B varied over a range of about 2.5 m. The Hat Creek water
level varied less than 0.8 m during the year.

The levels of groundwater in drill holes in the area of Trench B were
also monitored during 1980. These results are shown in Tables 3-8
and 3-9.

The level of water in the Trench B excavation followed closely the
level of groundwater found in nearby drill holes. The level of
groundwater in drill hole R77-28, which is between the excavation and
Hat Creek followed the water level in Hat Creek more closely and was
probably influenced more by the creek than local groundwater. Analyses
of the groundwater levels seems to indicate that water in the Trench B
excavation is influenced by an aquifer which lies on the east side of
the valley and south of the excavation, which slopes to the
north-northwest. This aquifer may intersect with Hat Creek downstream
of the excavation area.
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TABLE 3-1
SURFACE WATER QUALITY ANALYSES - HAT CREEK STATION NO. 1

bete of AT CREFX STATION J1
St 17780 l 10780
E;?gﬂ::mmu;‘ !luf:” ”:':(nl Diss | Total Frivalest m::’ o{lml {rivalen
Alwninam (A1} 0,044 <g.} 0.1 | ®.2
Aroente (ks 0,005 (fag_ «.00 <005 | <.005
Cudmiwm {Cd) <0.00% 0.0 <0.01 | «0.02
Calcium {Ca) 56 29.5 7.7
Chyoniwn (Cr} <001 «0.01 <0.0t | <0.0%
Copper (00 .003 0.0400 Loy | o7
Tron {Fe) <0.01 0.07 .05 12
Lesd (1) <0.01 <0.01 0,01 }<0.02
Lithioe (11} 0.004 .003 004 | 004
Hagnenive (Mg) 20 18.7 IR
Mercury (Ng)(vg/1} <0.35 | <0.25
Nolybdenus (o) 0.002 «0.02 0.0z | 0.4
Mckel (W1} <0.01 <0.00 <0.01 | <0.00
Poterstwm (K} 3.2 2.3 i 1.92
Selapdws (B2} «0.003 «0.001 <.001 ] <.00F
Sodium (e} 23 "2 132
Stroatiwm (Sr) 0.2% 0.25 . 029 | 0N
Temadive (V) 0.003 @.1 .1 |«0.2
Hae {In) <0.00% 66 005 { .19
Hangonese (Wn) 0.02 oo ' .006 | .clo0 _
|
—




Table 3-1 cont'd

[

Date HAY CRERK _ STATION Wo. 1
B.C.Hydro Tab.
:;::t; = 2“."” st sty arsirrf 2peird strirr porrinr| arafir|anseniy 1210037 | i INn | 115/ ri6Fm 1176} nisrm
1 bles. | Dies. | Dise. | Dlee. | Uiss. | Dies. | Dise. | Diwe. | Plex. | Bles. | Total ] Diss. | Total Dies. | Total | Dlan. | Total Disg. | Total | Dims. | Total
Muontwn (AL) * » 1 s N . N a N s |01 | 0.060{ 0.077| g.000 | 0.0%]| 7.0 0.0 7.2 | o6 |1ss | oom] oy
Arsenic (As) . * . * * . . * * 0,005 [<0.005 1<0.003 |<0.005 |<0.0035 |<0.005 [<0.003 |<0.0051] <0.0% <0.005 | <0.005
Caduiws (Cd)}
Calcius {Ca) 42 59 L » 57 &0 L] 56 58 L] Ly L 1] 52 1) 2% .5 | 12.8) 65 65
Chrowlwe (Cr) * » . * . . * . * |<0.019 [<0.010 }<v.010 [<0.010 }<0.010 | 0.020 |<0.010 {<0.010] c0.01 { 0.09 |<0.010] <0.010
Copper (Cu) . . . * . * . ] 0.5 |0.005 [<0.005 [<6.005 }<0.00% {0.033 |<0.005 | 0.024{ 0.016 | 0.024 | <0.005 | <0.005
iron (Ta) 0.018] 0.019 0.029 | 0.022 |e.020 jo.0u4 | 0.004 | 0.030) 0.023 | 0.065 | 0.031 | G078 [ 0.057 § 12 15016 | 3.6 o0.0m3] 15.2 { o.on2]{ a.17
Lesd (MV)
tithiwm (L1} 0.010 [0.005 | 0.004]0.003 ] 0.004 10.004 |0.005 | 0.004 | 0.002] 0.004 | 0.004 | 0.005 ] 0.005 | 0.004 | 0.006 Jo.001 | 0.006! 0.00: 0.006 [0.004 {o0.004
Magnesiem (Mg) 1 u 1 12 13 b2 1 17 19 1] 1 [ 1% n 6.0 7.5 % 81 1.3 21 21
Mercuey (Hg) (pg/1) » . ) * . * 0.2% * <6.2% | <0.25 | <0.25 | «0.25 | «0.2% | <0.25 |<0.25 0.32 0.3 0.35
Holytdeswm (Mo)
Mekel (Wi) 0.0164 [0.054 |<0.010| O.018] 0.012 ]0O.028
Potausiwm (X) 1.2 1.08
Selentum (3e) * * Jooost * Jowos | * * * * fo.om <0.003 0,003 |<0.00 [<0.00 fo.0m <0.003 [ <0.000
Sodtw (M) 1% 28 25 15 | 2 0 n 23 22 71 n n 12 18 1.4 1.4 1.0 ]9.48 6 L
Stroutiws (Sr)} 0.24 0.3 0.30 0.13| o.18 | 0.2 | 0.24 | 0.25 | 0.29 | 0.2 | 0.24 ] 0.25 | 0.2 J0.26 |0.27 [0.095 {0.14 0.12 |o.¥
Yanadiw (V) . 0.002 | o.011| = . ¢.001 [0.001 | 0,006 | 0.006] 0,003 | 0.003 { <0.003]<0.00) {0.003 |0.01s !0.002 |0.021 }<0.002 F0.002 | 0.003 | 0.00)
Tine (Im) 0.008 | ©.005 A, |0.010 ® " 0.024 | 0.0} | 0.006f <0,005| 0.007f 0.019]<0.005 | 0.007 | 0.055 ;0.012 | 0.031 | 0.049 0.061] 0.006 | 0006
Hangapess {Hn) o.mt| ooz} o.010] o0.mz2 o.01 | 0.36
Silice (31 as 810,) 1.9 | 200.9
Titantes (T1) 0.1 1.75
Barivm (Ba) 0.13 0.14
:
* Denotes <HOC !
i




Table 3-1 cont'd
Bate MAT CREEE  STATION No. 1

(Hg/1} B.C.Hydro Lab.

: e tves Tom asasrt|aysirr|zaso siensr prsernr | sovm b L apsem |9 rw e st | assim frrelm 7161 nis/m

gmﬂtgofim 'ﬂ’cg' 3 Diss. | Total | bies. |Total [bies. | Tote! | pyee, | Toral | Dies. | Total | Diss.] Total
Boron (B} * bz | » * 0.1 * * * * Lea 0.t § 0.1 <01 [e0.1 1 §<0.10 0.0 {0.09 [o.10 |<0.10

Chloride (€1} o.78) 1.2 | 1.0 ] o0.63| 038 ] 099 j 10 | 1.3 [1.2 .78 2.92 1. 0.3 0.32 1.5
(Bt

Tivoride (1) 0.088 1 0.120 | 0.107 | 0.090] ©.107 | 0.112 ]O.118 |O.118 | 0.t 0.05% 0.0%% 0.121 0.071

Sullate (ﬂ‘) Al 56 5 M &4 [ ] 52 45 41 5 &7 s0 7 9.3 0

Total-Kjeldshl-
Mirogea (N)
MHerate-Hitrogen
(woy - ¥)

i Mitrite-Merogen

! (N, - N)
Total-Orthophosphate-
Thoaphorus (T)

Dissolved-Total-po, ~ es. | Otes. | Dan, | Do, | Bas. | Dlee. | Dies. | Dies. | Dise.
Fhosphores (F) 4 0.03 | 0.03 | 0.05 | 0.051 | 0.083] 0.049 | 0.032[0.045 | 0.04% § 0.026 0.024 0,041 o_029 0,05

0.027

cob
T0C 13 10 17 19 2% » 2% 17 6 5 m 1 10 &

el

Total Rardwess(CeCO 158 b2l 236 142 204 240 28 210 2123 134 216 191 [T9% ] 8e.0 49

)
k]
Totsl Alkaitmity(Ceco,)| 14 20 2] 'll’ 19 2% 241 30 7% — 220 197 87 50 240

ms

D.0.

I Batwtstion

* Denotes aMDC




} Table 3-1 cont'd HAT CREEK BTATION ¥O0.1
Date of
(v /i Sampling
Parsmatsr .
u;n- (p),Totsl 13/6/79 1377780 18%/10/80
Ml Privisitasp iR ptes. [torat | miss | vova| viss | vora
Boron (B) 0.1 0.1 .1
Chlorids (1) 2.4 1.62 0.68
Fluoride (T} 0.099 0.077 0.004
Sulfate (w‘) 55 i L
Total-Kjeldahl-
Ritroges (W)
Mitrate-Hitroges
(v, 4y 0.03 li:-"J' <0.01
Ritrfce-Nitrogen. 0. 008 0005 <0005
] UNDTRS
Tots]l-Orthophosphate-
Thosphorus (P)
. [rissolved-Total TO <0.0M
\ porer (1) 4 |08z o.oM|
cow
00 10 5 <
Fhasol
Total Mardnese(CoCO,) | 222 158 0
Toral Alkslisity(caco,) 5t 128 79
"0, '
D.0.
X Baturatiom
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Table 3-1 cont'd

Date _BAT cERX  STATION Wof 1

Parameter Lsb

Dissolved Jota b1/8l79
PHYSICAL DATA (Mg/1) 2674177 (1178177 |2arssie] areieniazlelr] sivivr faotaira|esniar |aaratrgessorrnor g srstmaisesin iretes R Il”‘l" 137778099/ 10/ 808

Pl (wnite) 7.9 8.3 8.é 8.3 8.4 8.6 0.s 8.6 0.6 | 0.3 0.2 | 0.4 |20 5.1 2.3 L_, 19 | a3

Bpecilic Gﬂius-l:l

rmbonicn ® 230 ©) 30 | ss0 | 320 |30 Jaso a7 Js2e |s20 |som |sos | sms | 436 [uee {1re ss7 {516 20 | 28

True Cotor
{Ft-Co Bnits) 8

Terbidity (W) : 1.0 0.67 ] 0.99

Tewperutore (7€)

Total residue 3 362 w3y | 208 | 313 ) »1 | sy |3 | 10 e 384 m s | 30 208

Filtrable residue 233 360 367 pax} 306 378 e 33) NE 324 e 6 138 158 i k31 170

- 3| R

Non-[{1trable resfdus 70 2 16 s 7 5 ? <1 | 3] 3 L) m 16 5.3 L} 8 k]

Tixed total restdwe

Fixed filtcable renidee

Fixed mon-filtrable

| ventive
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TABLE 3-2
SURFACE WATER QUALITY ANALYSES - HAT CREEK STATION NO. 2

Dute of HAT CREXX STATION WO, I
(mg/L} Sompling
;::::::" o), WHAITH \ISTI A ST 0061 | 2276170 518177 ROS1ITI|Ase/TT (180901 serienry /11177 Wy
1 (T) - CATY : MMM_ML_NS&_M_&NIHH
Aloimn (A1) . * * * o jeosy * |<o.m0]| c.0e0} 0.t26]| v.026 @1
Arventc (As) * * * * * * * * | <0.005] <0.005 | <v.008| <0.005 | <.005 <.00
Caduiwm (cd) .00
Calcioa (Ca) 59 6o | a3 L1 61 0 [y 61 64 & 60 8.7
Chroufum (Cr) , . * . * * * * 10010} w.010] <0.000| <0.010 | 0.01
Copper (Cu} . * * » * * b * | <0.003] <0.00s | <0.005 | <0.005 |0.019
Tron (Ye) 0.023 | 0.026 |0.029 | 0,026 | 0.020 j 0.012 | 0,014 | 0,025| 0.023( 0.065] v.ote| o.060| 0.07
Lesd (T) ©.0 ]
Lithism {L1) 0.005| 0.004|0.004 | 0.004 | 0.004 | 6.005 | 0.005| 0.003] 0.004| 0.004] 0.004] c.0m 002
Magneaiom (Mg) 20 n 12 15 22 19 17 18 1 10 16 8.3
Nercucy (Ng)(ug/1) . * * * . * |ooe3s]|  * l.g.2s | «0.23 | <025 | <0.25
Molybdemm (o)} L <0.02
| Wickel (M)} A .0
Potsssiwm (X} . 2.3
Selentum (Sa) * | o.004 | 0.008 » * " 0.003| 0.006) <0.003 <0.003 -1 0.001
Sodium (Na} b1 24 1% 1% 20 20 72 Y n 2 n M.2
Strontius (5r) 0.2 [ 030 |0.20 o8 Jo032 [o024 |0.30 {0301 0.2 [ 02 |04 | 0re | oo
Vansdiwa (V) 0.002 . " » 0.002 | 0.001 | 0.003 a | 0.003] 0.003| <v.003| o0.003 0.1
Iime (In} 0.009] v.oms| ¢ Joowe] + |e.ors| 0.010] 0.018] <0.005| 0.007] 0.005] 0.007 -066
Hangzotse (Hn) 0.011| 0.012| <0.010) <0.010] 0.012
# Denctes <DC
H
‘ [




Table 3-2 cont'd

Date of JAT CAEEX §TATION W0, 2
(og/1. Sempiing I T
Faraméter
[otes. (F) Toved (¥ 264771 /570 Jasis 7| wr6i72 | 220607 SI8TT | 30rTIVR MinfaT | 3ktesT 19—17111 /91 1Y%
CALCULATED VALWES Dive. | Torat | pise. ) v0ta1 ) mics brorm

Boren (3) . . * 0.1 b 0.1 * . «wl] «0.1] 0.1 0.1 | .1

Chioride (C1) 1.3 1.2 jo.0 | 0.9 | 12 0.9 | 1.1 1.0 0.9 0.92 0.7
Fiworide (T) 0.130 ] 0.110 Jo.0s1 jo.mm0 [o.111 j0.170 | 0.120 | 0.0% 0.088 0.073 0.082

Sulfate {90,) E" 61 1 Ay [ L1} L] L] 52 45 28

Tatal-Sieldahl-
Mitroges (W)

Hitrate-Nltrogen
o Lo

Nitrite-Mtrogen <0.005
mo, -m) wnp!

Totel~-Orthophosphate-
Phosphoren (¥)

Dissolved-Total ro.

Fhospharur (7) 0.0% | 0.064 Jo.060 |o.us6 [0.046 |0.023 |0.04y J0.032 | 0,026 0.02¢ 0.012.

ToC ¢ 27 | 1Y n 30 H) . s " 2

Phewo)

Total Bardnese(CaClly) 130 3% | I62 04 240 e 72 26 234 s My

Total Alkslisity(CaCl,) m s | 157 1% 237 44 5 111 238 223 157

m,

D.0.

I Satwretion

#* Denotas ADC




Table 3-2 cont'd

Date of

NAL CRERK STATION WO, 1

Sawpling J

[ {

eramster s\ nssna| 2ersid ssermr | aennd semim bopm lamsim umnnumh assyTpias1red
FHYSICAL DATA (wg/L

Pl (umite) (W] e | 20 a4 § NS (R a.s 0.4 | g 3.2 | 7.9
" dpec 1T T :

(rmbonfon € 250 € so | s20 ] 360 | wao| sas | 530 | s20 | sas | s6 | 4w | 28
Trwa Colov

(re-Co Dults} Q
Turbidity (NTY) 0.7%
Tenperaters (°C)

Total residue 358 k1) ] 75 08 k. 155 b 1] 333 32 ) 38 250
Filtrebls vesidue 387 369 | 258 2] "1 1 M) | m am | e
Non-filtrable resiive 2 12 0 L] L} & <1 10 «1 [ T2

Tized total residwe

Fized filteable residue

Fized mon-tiltrakla
res.
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TABLE 3-3 _
SURFACE WATER QUALITY ANALYSES - HAT CREEK STATION NO. 3

Pate of BAT CREEX STATION WO, 3

(ng/1L) Sewpling L 13/6/1¢

B erved (). fpensrmrjussit arspsisr |z s o s sssnd  snem »m nIsim 1/5/m0 23/8/78

| Total (T) - CATIONS Oian. | Total | Pies. | Totak | Dies. |Totsl | Diss.| Toesl | Biss. | Torel | Diss. [Totel
Alwadsns (A1) s . * hd * . 0.015] o.25]| =+ <0.010| 0.032 | <0.010] 0.020 | 0.83% | 4.3 0.067] 8.9 | 0.008 ] 0.27 jo.ovs
Arsenic (As) . . * H * . . . * * | <0.005|<9,005 | <0.005]<0.005 {<0.005 | <0.003| <0.003] <0.005]<0.005 |<0.005 |0 005
Codudrm (Cd) ) <0.003
Calcimm {Ca) [} ] 60 59 » 57 1 [ 57 57 63 1] 80 (%) i 24 n [3] [ 8
Chroalus (Cr) * . * * * . * * * | «0.010{<0.010 <o.oloi<o.om <0.010 | <0.010] <0.010f <0.010§<0.010 | <0.010 |<p.01
Copper (Cu) A , * * * . . * * | «0.003|<0.005 <o.oos|<n.oos <0.005 | 0.017] <0.005| 0.032] <0.003 | <0.005 fo.005
Iron (Fe) o.012 | 0.032 | 0.032 [0.02t |0.028 [0.018 | 0,010} v.010}0.006] 0.025] 0.084 | 0.030 0056 [ 0.06e | 60 | conl 1 § 0022 e {40
Lesd (P8) <0.01
Lithioe (L1} 0.01t | 0.005 | 0.004 |0.004 |o.004 0.005 | 0.005] 0,005} 0.003] 0.004| v.004 | o0.004] 0.008 [ 0.003 [ 0.004] 0.001] ©0.004 0.008 | 0.004 ], ona
Haprenium (Mg) 1] 20 2 12 13 n 14 17 19 1 1] 13 1 b 4.0 8.8 ] 20 2
Nercury (Wg)(wg/1) » N . * » . . * . <0.2% [<0.2% | «0,25|<0.,25 [©0.25 | <0.25] 0,23} <0.23] .35 | 0.3 0.20 | 0.45
Molyhdeaua (Mo} 0,002
Fickel (Wi} 0.015 | ©0.033] o.010|{ o0.023 .01
Potasaiwm (K) 3.3
Seleniuw (Se) 0.004 | 0.004 * . 0.003 . » « | c.005 | <0.003| <0.00% <0003 | «0.003] <0.00) <0.00% <0.003 | <0.003 kuv.003
Sodiue (Wa) 14 24 1] 1% 19 20 n 23 | n 1 n 23 18 20 | 6.2 | s.2 % 21 | am
Strontive (Sr) 0.26 0.9 | 0.1 |o.20 |o.am 0.3 0.24 | 0.26 }o.30 | o.2a | 024 | 0.23| 0.28 |0.26 | 028} o0.t0] 0.26] 0.3 | 0.37 h.m
Yensdtom (¥) . o.o0L| = N N 0.003 * o004 * 0.006] 0.0bs | <0.00% <0.003 [<0.003 | 0.012 0.003) 0.027} 0.003 | 0.003 |0.004
e (In) * o.008 | c.011 Jo.00s Joomm | o 0.004 | 0.010]0.007 | 0.020f 000 | 0.023 0.010 | 0,008 | b.o19| o. 0.07y o.007 | 0.010 | g 007
Nanagamese (M) ' 0,008 0.007 [ <0.010 0.010 0.0
* Demotes <HDC

.
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Table 3-3 cont'd

pate of Hit Creek Station No. 3
(rzf1) Sampling
Faraweteoc 810/ 90
Biasolved (),
doral (0 - carays~~J prss | torat feyauely
Alsulnue (A1) 0.1 0.5
Arreric (Ao} < 005 <, 005 — JRUNY N —
Cadmlvm {Cd) <0.01 <0.02 B ]
cafefun {(Cn) 9.3 [ —
Cheomiun (O} <«0.01 | <0.01 R
Copper (Cu) a1 | omw B "
Iron (Fo) 04 KT -
Leod {FH)} <0.01 | <0.02 -
wehles (1L4) 603 003
Mognesiom (Hp) 17.4 I e s e -

Hereury () (ug/1)

Erkybdrnum o) .02 ] <0.04 J Pa— _,_|

Piekel (K1) .01 | <0.0t
Fotassivm {K) 1.94 LH._
Seleniun (Se) <, 001 | <.00 ‘ i
Sadivm {¥a) 13.4 '- |
Strontiee (S} .29 0

" Vemadlen (V) 0.1 | <0.2 ]
Tive (7n) <.005 072

r_inmgﬂi R R L




Table 3-3 cont'd

Dete of . AT CRERX SIATION WO. 3
o/ Sanpling S R B
Paramater

Ore- 0] roe, ¢ wam s sy spntlasm| sim | 2000 snprlwiem|  1siem 1311477 1/5/18 1/6]78 23/8/78 La/s/79
CALCULATED YALUES Diss, | Totml | Dies. | Total | piss, | Total } Dies. | Toral | Dies. | Yoral

Borom (B) b L . & * * * * . <0.1 [<0.1 0.1 <01 0.1 0.1 <0.] «0.1 <0.10 |<0.10 0.1

Chioride (1) 0.95 1.} 1:} lo.10 | 0.85 0.9% 0.83 1.1 o.88 0.2 0.92 1.4 0.42 1.5 I.&

TFlueride (1) 0.008 | o107 | 0.113) 0.082 | 0.107 | 0.198 ] 0.110 | 0.122 | e.0m 9,086 a.019 0.123 0.078 012 o107

Sulfate {50,) L1 L) “ k11 a2 [ ) 50 41 [} ] 52 43 0 3 7 56

Total-Kjeldahl-
Witrogea (W)

Mirate-Mltrogea
o, -0 0.03

Ritrite-Nitroges
(m: o <. 005

Total-Orthophoophats-
Fhosphorve (P)

Dissolved-Total ro, .
Thanphores (7} Q.03 G.0A%] ©.062]90.052 | 0,078 § 0.05% | D.OX | 0.048 | 0.042 | 0.029 0.02% 0.006 0.024 0.02% 0.038

Cop

Toc 19 [] 1% n | »n 20 m [ 3 3 11 16 n 12 2 7

Phenol
Total I.l"ﬂl'(m’) 174 232 34 147 204 e mn 12 e 2% 212 126 8.6 NS 217

Torad Alkadintry(cety)) 138 219 | 220 a3 s |z | 2w e 129 237 m m " 2% 1

M’

D.o.
.

T Saturstiom

* Denotes <HOC
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Table 3-3 cont'd

Pate of Hat Creek Station Wo. 3 ’ T — ——

(or /1. BrapLing
Parmcetey

Diss. (1), Total (T 19/10/80
ARTONS, DRGAKIC,
CALCHIATED YMNES DISS Fm

Boron (B) <0.1

Chlorids (C1) 0.59 S P

Fluouide (¥) 0.092 PR N SR P F——
Sulfate (50,) n J——

e SR e e B mectac B i e

Tutal-Kjcidabl-
Hitrogen (H)

Ritrate-Hitrogen

(w0, -8} 0.07
Witeite-Mitrogea g __]
(ro, -~F <0,005

Total-Crihophonphate—
Fhoaphores (¥)

Dirpaleed-Tatal W ; _+ .
Phasphotros (P) 0.025

ooh

ToC ) 5

Phened .

Toral Mardoess (n.w,) 193
Total uhunu,(c-en!) 190

D(‘I'l3

X Satwcrtion




Table 3-3 cont'd .

Date of BAY CREEK STATEON W0, 3
1 Swwpling
. Fareme tar

26/4/77 11/5/1% 2413174 8I6FTT 2276777 313137 |2077777) 38/ TY | 1kissrmpe a0 sagr] LS 176008 23/0/78| 1376/ 7939/ 107 a0k
PHYSICAL DATA (mg/L

’ -
N (ouits) 79 | o5 | s | e | 0 0.6 | 8.5 | 0.6 ] o8 [ a4 | 0z | e ] 83 |ss |83
Specific TERCE .
rest! k_c‘;:;s P 30 | 410 [ 530 | 30 | as6 | se0 | 330 | 3520 | 498 | sas | 497 | 4ss | 200 552 | s20 | 17
Tree Colov 15
(Pt—Co Unics)
Twrbidity (W) 2.8 0.%

Tewperstare (C)

Total residve 3% 353 385 F1 308 ne.| 12 32 137 | 3¢ M 412 | 447 35 | »s e
Filtrable restidve 258 %0 | sr | 23 | 300 m 34y %0 | 3128 | 329 b 2 | 132 76 | wus 213
Won-filtrable restdue 7 s 18 * s 7 3 2 s |a 3 16 | 203 7 10 5

Fined total restive

Pixed Efltrable revidun

Fized sos~-Eflerable
residus




SURFACE WATER QUALITY ANALYSES - MEDICINE CREEK

TABLE 3-4

d (mg/1 :::l::g S B sca Lab]

Paremeter assitd 2] srnne qmmrhnnm 814 sleirslorese :mn1 1076119 /e
_‘:’mn"m.u ) » D v » D » » » ® 1 piss | TotAL JrRivacent

Alumimm (A1) <0.010 0.0 | 0.3
Arsenic (As) <0.005 { «.008 <.00S
Caduduw (Cd) <0.003 «0.01 | <0.02
Calctue (Co} 6L 57 61 ¢ | s n 22 | 23] s 2 a8
Chronlws (Cr) <0.0L0 «0.01  <0.01 } <0.00
Copper (Co} <0.005 019 | .o
Irom (Fe) 0.021 .04 07 3%
Lesd (19} <0010 0.0 | «0.02
Lithiwm (L1) 0.003 002 002
Hagnesium {Mg) 29 20 n 2 23 1 10 12.5 2 23 27.3
Hercury (Ng)(pg/1) 0.5
Holyldenwn (Mo} <0. 020 «0.02 | 0.4
Mickel (N1} 0.01 | 0.0

. Potessiwm (K) 25 | 22§23 J1e |22 [oem| o7 L5 1.48
Seleatws (fe) <0.003 — | <.om
Sodtun (W) " 12 iz | n so [ u 25 fas [ {10 7.9
Strostive (S1) 0.44 — 3
Yanadirm (V) 0. 005 . ©.1 | @2
Eine (Za) 0.00% 1 0.003 <, 005 087
;{:j;;,f:‘::{_l o5 | 20 | sz w7 | 12.1f 100 1293 | 13
ﬁ::::_f:'::::::“ 1ty § 108 1z.e | 13

| _Manganese (Mn) 03 | .os7




Table 3-4 cont'd

MEDICINE CREEK

Deta of
Saugling
Farmseter

PHESICAL DATA (mg/L.

lin.'sm

10767719

umv,ﬂ 12/6/79 147617

uunﬁ umrﬂ\smm

P {unfee)

8.5

n.4

8.3

8.5

.6

€1 Eapes
Cpbonicn § 2% €)

518

b

431

10

513

16

11

Tewe Color
{re-Co Yanits)

Turbidity (NTD)

Tewpersture (°C)

Tatal residue

are

w7

né

420

423

42§

ltrable residue

411

401

3z

413

419

41y

Fon—ftltrable residue

-8 &

Fixed total residee

Fized filerabls ranldes,

Fized wen—filtrakle
resfidee

Sattlesble Matter
{ P

<1




Table 3-4 cont'd

e/ Date MEDICINE CREEX ‘

] 14 1im

Faramster o TiIne l ‘ MJ

cl;émﬂot:‘lzt PLISIYI RHITIIT | 6/0102 NI 71 08720/7] 2148018 2/6/T8] 116108 | 2178/ a 60| V9NN V/B0
caLcoLATID vaLGEs A LN WL LN L LA L L L L N T
Borom (B} <0.1 <0.1

Chloride (1) 0.3 | 035 | 0.20 | 0.26 | 0.26 0.80 1 0.24 [ 0.35 [ 048 | g8 0.5
Tluoride (¥) 0.122 0427
Selfate (50, 0 0 13 13 ] 1 |10 n 3 | 13 12
Totsl-Kisldahl-

Mitroges (W) 0.2

Hitrate-Mitrogen

(n, %) 0.04 0.18
::;:if:;m“m 0.0010 <0.005
Totsl-Octhephosphate—

Phosphores (P} 0.010

tissclved-Total N‘

Phosphorye (P} 0.0 ) .t
con 10

TO0C n g n 0 5 10.% 6
Thasol «0.002

Total I-rdnu(hﬁll) n 156 134 | te %5 30 —
Total Altsliniey(caco,)| 188 233 %) 262 | 238 169 1L | e 260 28 242
L.

p.0.

T Sateratiom

Phenolphthaletn

Alkalinity {CaCO 59 | 42 ) 73| 4.n °




Table 3-4 cont'd . @ chesx ‘ __ . ,

Date of
Sawpling
Parameter

/sl mmlzmm 1rrorrfarrans e Y1nrre |ansend ISSISIN RS9 /ST Lasysymslasisimslaarsiad asisirpussins prerry krsins forsins
| PETSICAL DATA (mz/L

PE (units) a4 8.5 B3 0.3 8.3 7.8 |1y 5.0 8.2 | a3 | g6 8.5 8.6 8.6 a3 | 8.6 | 8.7 8.7 8.2 a6 | w3
Specilic Conductascs hd )

(wwhos/cm @ 257 C} ss0 [ ar0 300 482 473 m | 120 00 s00 | 47y | amo 53 360 586 602 | s06 s04 | 603 556 5% 603
Troe Color 10

{Ft-Co Wnitw)

Terbidity (W19} 0,30 19 1 1.1

Tewperature (°C) 7

Total residue *1 n: £ 400 2
Tiltrable residue 5% 304 m e m £3 1] 158 | 164 137 | 308 | 319 255 36 s | sos | 407 | 4os | 20 % 3
Wom-Filtrable residus 2 109 12 | 4n.1 N 1% 13 1n 10 1) 5 & 2 2 n 4 7
Fixed votal reaidus 241

Fized filtrsble residue] 260

Fized son-f{ltreble 1
§ residee .

Settiesble Hatter r 44 103.1
LChy waisht) mefl




TABLE 3-5
SURFACE WATER QUALITY ANALYSES - ALEECE LAKE
bate of ALEECE LAKE
;::ﬂm Sereline o/ 1080 71780

| -pissolved (D), MI.EILIIH_

| total (1) - carions "] 015§ | VOTAL | _mm._fmu.m
Alvmioges (ALY 0.1 .2 0.0} —
Avsenic {(As) <. 005 <005 | <. 006 <. 005 i
Cadntws (Cd) <«0.01  «0.92 0.0 —
Calelom (Ca) 24 20.6
Chrosfum {Cr} «0.01 | 0.0 0011 --
Copper (Cu) 027 § 028 Hl| ---
Tron (Fe) M2 06 .02 -

© Lesd (M) 0.0 | 0.2 .01 -
Lithis (L1} .008 | .o0e o8| ---
Hagnesive (Mg) 38.2 3.5
Mercury (Bg){ug/1)
Holybdewss Olc) <0.02 | <0.04 «0.02 | .-
Wickel (ML) <0.01 § 0.00 o0 | -
Fotersium (X) L] 9.50
Seleniwn (82) <.001 | <.00 <001 | —
Sodive (We) Xx.7 7.8
Strontive (Sr) A5 36 .18 -
Tonadiem (V) <0.1 <0.2 0,1 w——
Hec (Zu) 009 | 195 LR
Manganese (Mn) 026 027 <0,00% | ---
_____ S FRU WU AU S SO DN RS N DU R




Table 3-5 cont'd '

Date of

(wg/L Sanpling ALEECE LARE
Parmmeter

ixs. (D), Toral (T 16/%0/80 80
r»:m::s JORGAKIC,

CALCULATED YALUES DISS | TOTAL IS | T
Borou {B) 0.1 0.1
Chlorida (C1) 1.62 2.712
Fluoride (F) 0.151 0.1%
Sulfate (n‘) &7 73
Total-Kjeldahl-

Ritrogea (X)

Nitrate-Nitroges 0.06
(w0, -¥) 0.4 wnpres
Nitrice-Klerogen «0.00%
(n0, -my «0.005 unpres

Total-Orthophosphate-
Fhosphorue (F)

Dinsolved-Toral N‘ .
Phosphores (P} «0.004 |} - 0,029

TOG " ——
Pheno]

Toral l-r&mu(c:coj) . 216 .

Total Alkslfnity(CsCOy) N R

ms pr—

T Saturation




Table 3-5 cont'd

Pate o ALEECE LAKE
Sowpling

Parsmeter

PRVSICAL DATA (uwp/L /107800 7/11/ 80|

ph (omits) 8.0 4.2
Specific Tance

(pwhos/cm # 13" ) %9 90
Tres Color »

{Pt—Co Wmite) ——
il

Terbidicy {NTU) (K] —

Tenperature (°C)

Total residue 322 ne
semple
Fiittabla zesddes k) 5

Now-Tiltrable residee 1] no

Fizxed total residee

Fived filtrable residoe

Eined wom-Eiltreble
eesidue




TABLE 3-6
SURFACE WATER SOLIDS SURVEYS

Location and
Parameter

Date of Sampling! 1980

May 2 May 14 May 29 June 6 June 10 August 12

Hat Creek at Highway 12

pH

Conductivity - umhos/cm
2Suspended solids - mg/L
3Dissolved solids - mg/L
Total solids - mg/L

Hat Creek at Anderson Creek

pH

Conductivity - pmhos/cm
Suspended solids - mg/L
Dissolved solids - mg/L
Total solids - mg/L

Medicine Creek

pH

Conductivity - umhos/cm
Suspended solids - mg/L
Dissolved solids - mg/L
Total solids - mg/L

Hat Creek flow at
Medicine Creek - m3/s

7.8 8.0 8.4 8.7 8.2 8.1
226 195 181 126 142 296
42 53 54 319 - 184 273
244 212 188 134 144 209
286 265 242 453 328 482
7.9 8.0 8.7 8.9 8.3 8.0
222 210 238 166 140 302
28 15 29 6 22 368
231 233 257 191 162 214
259 248 . 286 197 284 582
7.9 7.8 8.5 8.2 7.6 7.7
329 370 313 309 362 438
92 54 72 149 44 77
286 322 266 274 314 287
378 376 338 423 358 364
0.56 0.94 0.92 9.5 7.2 1.6

Sampies were frozen following collection.
2 Suspended solids is now commonly called non-filterable residue.
3 Dissolved solids is now commonly called filterable residue.




HC25

3.4

3.5

GROUNDWATER

On 13 July and 21 October water samples were collected from groundwater
wells No. 2 and 3 near Trench B. The wells had been pumped out the
previous day. The samples were preserved in the field and sent to the
B.C. Hydro research and development laboratory in Surrey for analyses.
Some of the samples were quite muddy and were very slow filtering. On
18 October a sample of water in the Trench B excavation was collected,
preserved and sent for analyses. On 17 November, samplies were
coltected from a well at the Steele Bros. limestone plant which is
located beside Highway 12 about 4 km west of the Hat Creek - Highway 12
junction. This sample was taken from a tap after the water had run for
about five minutes. This well had not been sampled previously in the
B.C. Hydro monitoring programme. On 17 November water samples for
radiochemical analyses were collected from groundwater wells No. 2
and 3 and from Trench B. The radiochemical samples were sent to Chemex
Labs Ltd. for analyses. On 18 November samples for cyanide analyses
were collected from groundwater wells No. 2 and 3, the Steele Bros. -
well and from Trench B. The cyanide samples were sent to the B.C.
Hydro'1ab for analyses. All of the sampling was carried out by B.C.
Hydro personnel.

The results of these analyses are presented in Tables 3-10 to 3-13.

The 1980 results for groundwater wells No. 2 and 3 and Trench B were
similar to the previous analyses. ' '

COLIFORM SURVEY

In 1979 a programme was initiated to monitor background levels of
coliform bacteria in Hat Creek and in the B.C. Hydro camp water supply
well. This monitoring program was continued during 1%80. Monthly
samples were collected from three station; two surface water stations
in Hat Creek near the Lehman ranch and near the B.C. Hydro trailer at
Highway 12 and a groundwater samp1e from the B.C. Hydro camp well.




TABLE 3-7

HAT CREEK - TRENCH B WATER LEVEL MONITORING

Elevation Difference

Trench 'B' Hat Creek {Hat Creek -
Date (m) (m) Trench B) Remarks
1979
04/10 856.425 856.760 +0.335
11/10 856.449 856.786 +0.337
19/10 856.545 856.828 +0.283
24/10 856.615 856.831 +0.216
29/10 856.669 856.833 +0.164
05/11 856.722 856.839 +0.117 ice on creek edges
09/11 856.745 856.879 +0.134 ice : 75% creek
14/11 856.765 856.845 +0.080 jce : 90% creek, -10% trench
19/11 856.787 856.789 +0.002 ice : 60% trench
23/11 856.818 856.924 +0.106 ice : 50% trench
30/11 856.889 856.860 -0.029 ice : 100% creek, 95% trench
04/12 856.949 856.909 -0.040 ice : 100% creek, 97% trench
08/12 856.998 856,900 -0.098 ice : 85% trench
12712 857.072 856,848 -0.224 ice : 97% trench
16/12 857.138 856.838 -0.300 ice : 99% trench
20/12 857.187 856.843 -0.344 ice : 95% trench
23.12 857.217 856.840 -0.377 ice : 100% creek, 98% trench
1980
07/01 857.149 856.829 -0.320 jice : 100% creek, 99% trench
11/01 857.089 856.812 -0.277 ice : 100% creek, >99% trench
16/01 857.006 856.829 -0.177 ice : 100% creek, >99% trench
22/01 856,928 856.829 -0.099 jce : 100% creek, 100% trench
30/01 856.770 856.801 +0.031 ice : 100% creek, 100% trench
05/02 856.630 856.846 +0.216
11/02 856.489 856.842 - +0.353
18/02 856,228 856.841 +0.613
27/02 855.8 856.841 +1.04
05/03 855.8 856.810
06/03 855,700 -
07/03 855.670 856.890 +1.220 ice : 100% creek, 100% trench
038/03 855.611 856.889 +1.278 ice : 98% creek, 100% trench
11/03 855,562 857.200 +1.638 creek overflow on ice
12/03 - 857.114
13/03 855.509 857.066 +1.557
16/03 855.440 856.799 +1.359 ice : 99% creek, 100% trench
20/03 855,341 857.240 +1.899 creek overflow on ice
21/03 855.300 857.100 +1.800
22/03 857.220
23/03 857.038
24/03 855.247 867.070 +1.823 _
28/03 855.151 856.871 +1.720 jce : 70% creek, 100% trench
29/03 855.139 856.878 +1.739 ice : 30% creek, 100% trench
01/04 855,180 856.800 +1.620 ice : 5% creek, 98% trench
04/04 855,222 856.840 +1.618 ice on creek edges only
06/04 855.312 856.850 +1.538 ice : 95% trench
10/04 865.512 856.840 +1.328 jce * 0% creek
13/04 855.665 856.855 +1.190 ice : 25% trench
15/04 855.772 856.860 +1,088 ice : 0% trench
19/04 855.958 856.860 +0,902
21/04 856.044 856.850 +0,806
26/04 856.231 +0,629

HC25

856.860
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TABLE 3-7 - {Cont'd)

Elevation Difference

Trench "B’ Hat Creek {Hat Creek -
Date (m) (m) Trench B) Remarks
1980
02/05 856.435 856.950 +0.515 creek silty
04/05 856.510 856,945 +0.435 turbid
06/05 856.576 856.970 +0.394 turbid
08/05 856.632 856.935 +0.303 clearing
10/05 856.715 856.975 +0,260 - turbid
12/05 856.765 856.970 +0.205 turbid
13/05 856.799 857.010 +0.211 very muddy
14/05 856.829 857.022 +0.193 very muddy
18/05 856.942 857.030 +0.088 very muddy
20/05 856.995 857.025 +0.030 turbid
22/05 857.045 857.005 -0.040 clearing
24705 857.085 856.980 -0.105
26/05 857.130 856.980 -0.150
29/05 857.18 857.29 +0.11
02/06 857.24 857.08 -0.16
06/06 857.31 857.50 +0.19 very muddy
07/06 857.34 857.53 +0.19 very muddy
09/06 857.378 857.48 +0.102 very muddy
10/06 857.401 857.43 +(.029 very muddy
12/06 857.426 857.28 -0.146 very muddy
15/06 857.438 857.22 -0.268 turbid
18/06 857.55 857.48 -0.070 turbid
20/06 857.58 857.35 -0.230 turbid
22/06 857.622 857.28 -0.342 turbid
25/06 857.648 857.20 -0.448 clearing
28/06 857.682 857.18 -0.502
02/07 857.617 857.15 -0.46
05707 857.507 857.10 -0.40
06/07 857.741 857.055 -0.686
09/07 857.749 857.000 -0.749
11/07 857.750 857.000 -0.750
15/Q7 857.657 857.00 -3.65
20/07 857.741 856.985 -0.756
25/07 857.711 856.927 -0.784
30707 857.669 856.88 -0.789
04,08 857.638 856.875 -0.763 springs still flowing,
09/08 857.601 856.88 -0.721 (creek very muddy),
12/08 857.579 857.055 -0,524 above the water line,
13/08 857.574 856,985 -0.589 but do not offset losses
16/08 857.55 ~856,94
18/08 857.545 856.975 -0.570
23/08 857.482 856.890 -0.592
27/08 857.441 856.900 -0.541
01/09 857.405 856.930 -0.475
65709 - 887379 —~ - 856.920 -0,459 B
10/09 857.338 856.905 -0.433
15/09 857.317 856,985 -0.332
20/09 857.289 856.941 -0.348
25/09 857.246 856.929 -0.317
30/09 857.218 856.923 -0.295
04/10 857.191 856.919 -0.272
09/10 857.157 856.913 -0.244
14/10 857.127 856.913 -0.214
19/10 857.089 856.913 -0.176
23/10 857.060 856.905 -0.155
29/10 857.008 856.908 -0.100

KC25




TABLE 3-7 - (Cont‘d)

Elevation ~Difference
Trench "B"  Hat Creek (Hat Creek -
Date {m) {m) Trench 8) Remarks
1980
03/11 856.968 856.902 -0.066
08/11 856.936 856,905 -0.031
13/11 856.889 857.005 +0.116 ice : 80% creek, 40% Trench B
17/11 856.894 857.008 +0.114
22/11 856.962 856.861 -0.101 ice : 95% HC, 60% TB
28/11 857.067 856.980 -0.087 ice + 98% HC, 95% 7B
03/12 857.215 856.900 ~0.315 jce : 98% HC, 99% TB
09/12 857.291 856.906 -0.385 ice : 99% HC, 100% TB
14/12 857.308 856.895 -0.413 fce 1 <80% HC, 99% T8
18/12 857.308 856.930 -0.378 ice : <70% HC, 95% TB
23/12 857.310 856.905 -0.405 ice : <80% HC, 99% TB
29/12 857.323 856.970 -0.353 ice : <30% HC, 93% T8
Hat Creek rose 27/12 after
very warm weather and rain.
HC25




TABLE 3-8
GROUNDWATER LEVELS (m) IN DRILL HOLES NEAR TRENCH B

Hole RZ25 RZ6 RZ7 R28
Date (1)* (2) (3) (1) (2) (1) (2) (3) (1) (2) (3)
1979
Oct 855.6 855.5 855.4 857.4 857.4 858.4 858.3 858,2 857.2 856.1 856.7
Nov 855.7 855.6 855.5 857.6 857.6 858.4 858.4 858.3 857.3 856.1 856.9
Bec 856.0 855.8 855.9 858.0 858.0 858.5 858.5 858.5 857.3 856.2 857.1
1980
Jan 855.8 855.6 855.7 857.5 857.5 858.5 858.3 858.2 857.2 856.2 856.9
Feb 855.1 855.0 855.2 856.7 856.7 858.5 857.9 857.9 857.0 856.0 856.4
Mar 854.3 854.1 854.5 855.8 855.8 858.1 857.2 856.6 856.8 856.0 855.9
Apr 854.,7 854.6 854,7 857.1 857.0 857.9 857.7 857.4 857.0 856.0 856.3
May 855.8 855.7 855.8 858.1 858.0 858.1 858.3 858.4 857.3 856.2 856,9
Jun 856.6 856.5 856.6 858.8 858.7 858.4 858.8 859.0 857.5 856.5 857.4
Jul 856.7 856.6 856.6 . 858.7 858.7 858.6 858.9 859.1 857.5 856.5 857.5
Aug 856.5 856.4 856.4 858.4 858.4 858.7 858.8 858.9 857.4 856.4 856.9
Sep .
Oct 856.1 856.0 856.0 857.9 857.9 858.6 858.6 858.6 857.4 856.3 857.1
Nov 855.9 855.7 855.7 ©  857.6 857.6 858.6 858.4 858.4 857.3 856.2 856.9
Dec 856.0 855.9 855.9 858.1 858.1 858.6 858.6 858.6 857.4 856.3 857.1

+

* (1), (2) and (3) are piezometer in each well.



S

TABLE 3-9
GROUNDWATER LEVELS (m) IN DRILL HOLES IN AREA OF TRENCH B

Hole 156 160 160 168 282 290 290 817 TB HC
Date (1) (2) (1) (2)
1979
Oct 865.7 859.7 866.7 864,2 864.8 865.7 859.8 8631.4 856.6 856.8
Nov 865.6 859.6 866.7 864.7 864.8 865.7 859.7 863.4 856.8 856.9
Dec 865.4 859.6 866.7 865.8 864.8 865.9 869.9 863,3 857.2 856.8
1980
Jan 865.3 859.6 866.6 864.3 864.8 865.8 859.8 863.3 856.9 856.8
Feb 865.1 859.5 866.6 863.4 864.7 865.8 859.7 863.3 856.2 856.8
Mar 865.0 g852.5 866.5 863.1 864 .6 865.7 859.6 863.3 865.2 857.1
Apr 864.8 859.5 866.5 864.5 864.6 865.7 859.,7 863.3 856.0 856.9
May B86&.7 859.5 866.5 866.0 864.6 865.7 859.8 863.3 857.1 857.0
Jun 864.7 859.4 866.4 . 867.0 864.6 865.9 860.0 863.2 857.6 857.2
Jul 864.6 859%.4 866.4 - B66.3 864.6 865.9 860.1 863.2 857.7 856.9
Aug 864.5 859.4 866.3 865.7 864 .5 865.9 860.1 863.2 857.5 856.9
Sep
Oct 864.3 859.3 866.3 864.8 864.5 865.8 860.0 863.2 857.2 856.9
Nov 864.2 859.3 866.2 864.4 864.4 865.9 859.9 863.2 857.0 856.9
Dec 864.0 859.3 866.1 866.4 864.6 866.0 860.1 863.2 857.2 856.9




TABLE 3-10
GROUNDWATER ANALYSES - TRENCH B
TRENCH B - GROUNDWATER .

wa/l) "‘“s:;n“ B.C.Hydro Lab.

Parameter 2176/1 642477 hasrrrr| assirrfaerefar) 20 510/ 11 {30 u TP L 5078 8/6/ 18 8/6/478 22/8/ 78 18/10/80

D s O i b | T bl T | |7 P |t b |t o | v | piss | Tora fRivaent
Alumionm (AL} * * 0.025] +* * 0.014| 0.020] <0.010{ 0.035] 0:020. 0.080 | 0.013 | 0.048 | <0.02 | <0.02 | 0.010 j0.038 | @.1 | 0.2
Arsenic (As) * . * * * 20.005 | <0.005] <0,005}<0.005|<p. 005 }e0.005 |<0.005 |<0.005 | <0.05 <0.005 [0.005 <.005 § <.008
Cadmium (Cd) l <0,01 | <0.02
Calciwm (Ca) n 56 60 59 67 67 67 61 §:p1 63 60 62 67 0 49 49 43.4 e
Chromium {Cr) % * * * * <0.010§ <0.010]<0.010 |<0.010 io:,om <0,010 |<0.010 | <0.010] <0.01 }<0.01 |«0.010 ko.010 <0.01 | <0.01
Copper {Cu) * . * * + | 0.005 | <0.005|<0.005 |-0.005 |i0.005 ]-0.005 |-0.005 |<0.005 | 0.006 | 0.004 c0.005 |<0.005 | -0%%| 0%
Iron (Fe) 0.009} 0.012| 0.022] » 0.014| o.016| 0.024)w, 010 | 0.022 u:.tm <0.068 | 0.923 | 0.049 J0.11 }0.17 | o0.008 | 0.032 i 7
Lead (Pb) o 0.01] 0.03
Lithium (Li) 0.004| 0.004| 0.005| 0.004] 0.006| 0.005] 0.005f 0.005 | 0.005| 04003 | 0.001  0.00 | 0.003 | 0.002 |o0.003 |0.003 | 0.003 | .04 .005
Hagnesium (Mg) 1?7 17 16 . 18 . 18 18 18 24.5 24.5 13 13 17.3
Merewry (Hg) (pa/1) * 0.20 *  leo2s [c0.25 [<0.25 [<0.25 (o?!zs- «0.25 | 0.22 | o0.28 0.35 | o.45 | 15.0
Molybdenus (Mo) . <«0.02 | <0.04
Nickel (N1) ‘0jo14 | 0.016 |<0.010f <0.010] 0.008 | 0.008 <0.01 | <0.0)
Fotessivm (K} . :L 2.5- 2.5 2.29
Selenium (Se} 0.003 * 0.003 * 0.004 {<0.003 <0, 0071 'tP'.'o'le <D, 003 }0.003 |<0,00) . 0,003 |<0.003 <001 | <.000
Sodium (Ma} 21 19 20 | 26 26 25 25 25 izz i 22 24 25,5 | 245 | 1 22 16.5
Stroptimm (Sr) 0.2 | 0.26 0.24 | 0.25 | 0.32 | 0.23 § 0.23 | 0.24 | 0.28 !).zs T 0.25 | 0.40 | 0.44 o 0.23 | 0.24 27 27
Vanadium (V) * " 0.00Z [ 0.003 * 0.003 | 0.003{<0.003{ 6.004 {<0.003{<0.003] 0.003| 0.003 |[<0.002 [<0.002]{0.005 [ 0.065 | <0.7 { 0.2
Zine (Zn) o.012| * 0.009 | 0.047 | 0.007 | q.016 | 0.086| 0.021| 0.011 | p.013| c.062} 0.012] 0.005 [o.061 | 0.034 | 0.005 | 0.005 009 | .12
Hanganese (Mn) <0.005 | 0.007|<0.010 lcv0.000] ! 0,004 | ¢.006 .014 | 006
St (51 ,) 0 16.6 | 16.6
Barium L 0.17 | o.x? ]
Titaniuve . 7 . <0.1 0.1
Uranium (U) ‘ . 0,0004 | 0,0008
* Denotes MDC l




TARLF. 3-10
Cont'd

Date of | TRENCH B - GROUNDWATER

(wa/L Sampli
Parameter cmpling 1. . B.C.Hydro Lab,|
Diss. (D), Toral (T d :

ANIONE.I;RBAI!IC. \ 217670 673177 R/ TITT Y AfBITTRRG/9/21 20 L 10/ 12 /10 /w|1l5/78 8/6/ 78 B/6/) 78 2/8/m
CALCULATED VALUES D I b T A T [/ T ] T D T DIss | TOTAL

Boron (B) * * * * * 0.1 | 0.1 | <0.1 0.1 [<0.1 |<0.1 |<0.1 | <0.1 [ 0.054 <0.10 {<0.10 0.1

18/10/80

Chloride (C1} 1.4 1.1 1.3 1.3 1.1 1.0 1.2 3.1 2.4 2.55 1.1 0.55

Fluoride (F) 0.142] 0.099| 0.102 | 0.183 | 0.112 0.135 0.108 0.114 0.11 0.12 0.120

Sulfate (so‘) . 44 56 48 46 58 56 51 ’ 14 82 6.3 44 7

Total~Kieldahl- [ .
Hitrogen (N)

Mitrate-Nitrogen :
(w0, -H) ' 0.07

Nitrite-Nitrogen
(mz -¥) «0._005

Total-Orthophosphate~-
Phoaphorus (F)

Dissolved-Total PO, 0.032| 0.024 | 0.026 | 0.026 | 0.025 | 0.098 0.095 0.006 <0.003 <0.05 +0.003 0.020
Fhosphorus (P) v

CoD

TOC n 83 % { n 4 12 n’ 22 <2 13 <2

Pherol

Total Hardness (&003) 243 206 120 213 246 237 218 226 224 256 176 198

Total Mhlinity(CaCO,) 222 218 229 236 257 245 . 28 | 227 251 228 198 )

BOD5

D.0.

2 Saturation - | i

* Denotes <MDC ' i




TABLE 3-10
Cont'd
Date of TRENCH B - GROUNDWATER
Sampling BCH Lab
Parsmeter J —
. 2076777 673772119} 7177) 478777 1619/ 7720/10/71A 30711 | 115778 ) Bi6/ 781816178 zzians’g,m;ﬁ
™ | PHYSICAL DATA (wg/L 1977 :
PR (units) 8.0 | 2.9 7.8 | 8.0 8.0 8.0 7.8 | 8.3 8.2 8.2 8.2 a.2
Specific Conductance
(unhos/cn 8 25° C) 510 499 530 540 603 542 516 547 560 430 432 349
True Coler 3
(Pt-Co nits) .
Turbidity (W1U) : ' 0.75 0.47
Temperature (°C) '
Total residus 87 38846 361 380 37 349 314 376 370 285 226
Filtrable residue 319 340 346 57 376 345 348 10 375 370 285 276
Mon-filtrable residue 48 31500 4 & 2 1 4 1 }<0.5 <1 0
Fixed totsl residue
Fixed filtrable residue
Fizxed non-filtrable
“ reaidue b
Settleable Matter &7.5




TABLE 3-11

GROUNDWATER ANALYSES - WELL NO. 2

[(.:ﬂ::mm"s::pum 7/6/77§21/6/77|6/7 /17 |20/1/7T  20/10/{77 w/1/17 8/6/78 22/8/18 I l;:‘:"““ m"";;m: 21/10/80

lr):::(l’l::.)l fb«z;\rmxs Dins, | Total | Diws.| Total| Dias. | Total | 0isa. [ Total | Dige. | Toral [ DISS |FOTAL }RIMEH Bss | TOTAL hummu
Aluninua (A1} » * 0.010 | 0.030] <c.010| 0,68 | 0.010] 0.40 | 0.003§ 0.28 | 0.009) 0.30 ; 0.005 0.1 0.1 0.3
Arsenic (Am) * % * [ <0005 | <0.005 | <0.003% | <0.005 ]<0.005 | <0.005 | <0.005 | <0,005 <0.005 | < gos <.00 <.005 <.005
Cadnium (Cd) | <0.01 0.0 | «0.02
Calcium (Ca) 64 75 65 66 79 79 59 57 57 59 59 ¢ 66 48.0 0.6
Chromium (Cx) * - # 4 }¢0.010 |<0.010 | <0.010 | <0.010 [<0.010 | <0.010 | <0.010 | <0.010| <0.01 .01 <0.01 | <0.0
Copper (Cu) * * * * | <0.005 |<0.005 [<0.005 [ <0.005| 0.012 | 0.009 | <0.005] 0.006 0.006 0.026 02 | o8
lron (Fe) 0.03 | 0.024 § 0.035 | 0.13 | o.026| 0.44 | 0.om1| 0.42 |0.025| 0.28 | 0.015| 0.1 | <0-01 0.08 04 28
Lesd (Fb) .01 <0.01 | <0.02
Lithive (L1} ¢.003 | 0,004 | 0.005 | 0.004 | 0.004 | 0.004 | 0.003| 0.003{ 0.002 | 0.002| ©.003] 0.003] 0.004 -003 004 | .005
Magnesium (Mg) 15 15 16 16 17 17 13 14 14 14 15 17 26.6 18.5
Hercury (Hg)(ug/l) * " * * <0.25 [<0,25 |<0.25 |<0.25% [ 0.27 i 0.32 0.37 0.37 0.26 0.6
Moiybdenum (Mo) ' ! <0.02 .02 | <0.08
Mickel (K1) <0.010 :<0.010 0,01 0.01 <001 | <0.0
Potassium (K) ' 2.94 2.37
Selentum (Se) 0.006 | 0.005 | * | 0.004 ] 0.004 0.003 <0003 | <0.003 | <0.003 | <0.003| g ggy <0.00} <001} <,000
Sodium (Na) 13 18 18 18 18 19 20 ‘18 I 17 33 k] 29 21.8 21.1
Strontium (5r) 020 o021 |0.28 023 §0.24 |o0.24 |09 | 0.11 [Om | 0.32 1 o.2.] 0.27 | 4 5 0.33 .30 .30
Venadium (V) * . » | a.001 | 0.003 | 0.003 }<0.003 | 0.003 | 0.002 | 0.004 | 0.006 | 0.006|0.004 <0.1 0.1 | 0.2
Zinc (2n) * 0.014 | 0.008 | 0.041 {<0.005 | 0.011 | 0,032 | 0.007 | 0.005 ' §.010 | 0.011 | ©0.029 | <0.005 .on .006 | 048
Manganese (Mn) 0,085 [ 0.092 | 0.012 { 0.026 . 0.05 0.012 09 074
Uranium (U) , e 0,0003 | -— <0.0002]0. 0009
% Denotes <MDC . '

x
|
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TABLE 3-11
Cont'd
Date of : GROUNDWATER, WELL NO. 2
P“"’ v e NCotne /6177 | 2176113 612177 | 2017170 20410177 30/11/77 8/6/78 2248178 ‘—‘—’ 119
arame . 14706
Diss. (D), Total (T . 12/1/%0 21/10/80
ALLORS, ORGARIC,
CALCULATED VALUES : Diss. | Total |[Dise. | Total | Dies. | Total | Disa. | Total Diss, | Total | PIS§ 10tAL 4 oase | roam
Boron (B) - » * * <0.1 | <0.1 0.1 [ <0.1 ] <0.1 | <0.1 |<0.10 {<0.10 | <p.1 0.1 0.1
Chlorfde (€1) 1.7 1.4 13 1.3 1.0 .88 1.4 1.4 1.9 1.58 1.03
Fluoride (F) 0.104 | 0.128 | 0.135 | 0.14¢ 0.140 0.107 0,14 0.18 g 152 0.153 0.139
Sulfate (50‘) 38 &5 54 48 120 61 57 41 64 58 19
Total-Kjeldahl-
Ritrogen (K)
Nitrate-Nitrogen ’ 0.10
(m, -K) - 0.17 unpres 0.05
Nitrite-Kitrogen <0.005 <0.005 <«0.005
(0, -R) unpres
Total-Orthephosphate-
Phosphorus (P)
Dissolved-Total PO
Phosphorus ‘(’r; 4 0.032 | 0.0331 | 0.043 | 0.009 ] 0.12 0,013 0.017 0.020 ¢.028 0.015 0.032
cop )
T™OC 27 2 24 50 12 22 10 <2 [] 0 7
Phauol
Totsl vndmu(c.co;) 222 249 226 FE} 1 “267 201 200 205 235 237 —-—-
Total Alkalinity(CsCO,)| 229 232 231 %1 200 179 208 232 753 238 224
m5 —
D.0.
r
% Saturation '
* Denotes <MDC
1




TABLE 3-11
Cont'd
Date of L GROUNDWATER, WELL WO. 2
Sampling 7/6/77 ] 21/6/737] 611177 ROJ6 /17 olmlnl:mluln ajelr8l22/8/718 |14 /061 .

Parsmeter 12/7/80 21/10/80
FHYSICAL DATA (ag/lL
pit {unite) 7.6 7.4 7.4 1.6 7.4 7.7 7.6 7.7 1.4 1.1
Specific Conductance -
Coatos/em 8 250 €) 516 | 520 | s | se0 | se2 | as0 | a0 | s14 [szs | a0 | s02
True Color .
(Pt—Co Units) {4 -
Terbidicy (HIV) 1.8 2.5 043 | -
Temperaturs ("c)
Total residue 354 70 409 387 404 18 n7 358 | 374 k%) 320
Filtrable residue 130 346 340 349 189 304 no 150 | e ki3] s
Nou-filtrable residue 4 24 69 38 15 14 7 8 [3 2 2
Fixed total residue
Fixed filtrable residue
Fixed non-filtrable |
residue [}

P
% pDenoten <MDC .;




TABLE 3-12
GROUNDWATER ANALYSE$ - WELL NO. 3
Date of GROUNDWATER MELL Mo. 3

(mg/L} Sampling i

;:::::::; o, 116477 {21767} 677137 |2007777] arms27] 304 11 /77 [8 26 2 78 2/8/ 78 12!6{79 12/7/%0 1/10/80

Jotal {7} - CATIONS ) T D I D T n T DIss [Y0IN WRIVALERT piss | Toiar JRIVALEN]
Alumioum (A1) * . * 0.057 * o7 { 11 Jo3z [1e foo fao [0 <0.1 ©.1 5.8
Arsenic (As) . . » . +  |<0.005 | <0,005 | <0.005 |<0.005 ] <1.005 | <0.005 <0.005 | . gos <.00 | <008 <005
Caduium {Cd) <0.005 .01 | <0.01
Calcium (Ca) 260 260 230 | 250 | 230 310 290 | 200 | w00 | 320 s 180 108
Cheomtum (Cr) N * * * *  [<0.010 | <0.000] <0.010 0.023 f0.010 <0000 | 0.0 o.01 | o.04
Copper (Cu) 0.007 » * * * | o006 | 0.014] 0.024] 0.087 | 2.020 | 0.055] . 0.057 o7 | 068
Iron (Pe) 0.060) 0,081 | 0.23]| 0.25 | 019§ 0.039) 2.6 [ 0.3 | 1 .05 23 | 4o 0.17 o7 71
Lead (Pb) <0,01 0.07 <0.0t 0.03
Lithivm (L1) 0.066 | 0.063 | 0.067 | 0.007| o0.055] 0.060 | 0.060| 0.22 | o.1a | 025 | 025 | 0.1 104 .108 102
Magnesium (Mg) 81 8 | 8 88 65 97 mo | no | wo | 20 |9z 160 134
Mercury (Hg)(ng/1) N N . * 0.63 [<0.25 [<0.25 | 0.45 | 0.57 | 0.6 | 0.5 "] 0.26 | 0.49 0.7
Holybdenum {(Mo) N 0,003 <0.02 <0.02 | <0.04
Fickel (Ni) 0.010| 0.034 0.0t 0.05 0.04 | 0.06 |
Potassive (K) 18 25.0 17.6 !
Selentum (Se) * * . * * <0.003 0.006 { <0.003{<2.003 [<0.003 [ o oo ©.001 <.001 | <.00
Sodius (Na) 360 80 | 400 | 440 %0 | 460 450 %0 { s80 | se0 | . 560 651
Strontium {5r) o.72] o.r0f 2.1 0.9 1.8 11 |11 1.5 [0.98 | 1.9 1.9 2.4 2.0 288 | 3.24
Vanadium (V) s * {owoos| « 0.003 | 0.005 | 0.006 | 0.004 | 0.029 |«.01 [0.070 |o.001 0.1 0.3 |<0.2
Zinc (Zn) 0.02s | 0.016 | 0.012 | 0.13" | 0.10 | 0,18 | 0.018| 0.031|0.063 | 5.017 [0.088 [o.m6 054 016 | L339
Hanganese (Mn) 0.40 | 0.50 , <0.01 0.017 .028 .16
N . 0.0013 --- 0.0013 |0.0044
* benotes MDC
¥ Contamination Suspfcted

|




TARLE 3-12
Cont'd

Dote of GROUNDWATER WELL HNo. 3

(ug/L. Sawpling
Parameter .
@ [les @, rotel (x nerrr ez errirfeorrra| assprr] sy | sss6s18 227878 lizioss e 12/7/60 21/10/80
CALCULATED VALUES b T L T b T D I piss | vorm ! ootss | toma

Boron (B) 0.2 | 0.2 01102 | 02 | 62 o2 |06 |08 |o0s]om | g, 0.7 0.2

Chlaride (C1) 7.4 7.5 7.3 | 7.4 7.7 1.8 20 1 11 13.8 5.75

Fluoride (F) 0.105] 0.134} 0.134 | 0.133 f o235 0.127 0.12 0.1t Jo.129 6.120 0.115

fate (SO 1500 | 1300 1360 1280 1300
Sulfate ( ‘) 3800 1500 1300 1700 1900 1300

Total-Kieldahl-
Nitrogen (K}

Mitrate-Nitrogen

0.09 i
0, 1) .5 unpres 0.08

Nitrite-Ritrogen k0.005 0.027

(“oz _u) mﬂs 0-016

Total-Orthopbhosphate~
Phosphorus {F)

Dissolved-Total PO‘ i .
Phosphorus (P} 0.038] 0.035] 0.046 | 0.004| 0.048] 0.024 0.018 0.013 0.035 0.025 0.069

cop

T0C 97 102 | 101 80 61 28 70 95 51 78 19

Phenol

Total Hardness (c.co,) 983 991 924 987 842 1173 1180 1161 {3024 1140 -

Total tlkaliniey(CacO,}| 464 506 538 s72 | see 4sa 562 646 m 551 551

I()I)5

D.O.

1 Saturation \
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TABLE 3-12
Cont 'd

Date of GROUNIMATER WELL Mo. )

Sampling
Parameter

PHYSICAL DATA (wa/L ei1i |20 /6f17] 6/7/77|20/2/73] 4f8/71]30/11/1] alan 22/8178) 5 15119 P2/ 10110/

Pl (onies) 1.8 | 7.3 7.2 1.3 7.3 7.8 7.8 7.3 7.9 | 7.4 7.6
Specific Conductance

(umhosfem O 25° C) 3000 3000 | 2970 [ 3030 [ 3030 | 3380 | 3600 | asis | 730 | 3200 | 2020
True Color 62

{Pt—Co Units) -
Turbidity (NTU) 560 5.7 —

Temperature (° C)

Total residue 2871 | 2877 | 2845 ] 2851 | 2846 1246 | 3770 | 3364 4330 3400 | 4000
Filtrable residue 27110 | 2130 | 2700 | 2690 | 2740 1050 | 3280 | 318y fa1so 2800 | 2300
Non-filtrable residue 161 147 132 161 106 196 | 4% 179 [1200 600 1700

Fixed total residye

Fized Filtrable residue

Fixed nom-filtrable
residue




-

TABLE 3-13

GROUNDWATER ANALYSES - STEELE BROS. WELL

_h Nare of STEELE BROS. GWW
‘E::'{':zt“ e 19[];11&! 19/11/
Veemr o2+ eanom| rora {smrvaedr orss S g
Aumiia (A1) «0.2 <0.00 _ s e i
| Acuentc (As) . <.005 | <.005 . _
Cadndun (Cd) ©.02° .00 ' ' ) T
Calcium (Ca) 82,7 -
Chromitm (Cr) <0.01 <0.01 e | T
Copper {Cu) ] 080 .1 oM N . : T
Yron (Fe) 1 05 1 o8 : - B .
Lewd (Pb) <0.02 <0.01 e - .
Lithics (L1} 005 005 - ) -
Hagnesivm (1g) "] 646 N . :
Mereny (lig) iu_gll) - 0.5 )
Molybdemunt (M) <D.04 <0.02 1 )
Wickel (K1} <0.01 0.0 - i ' -
Totarsivm (K} 3.66 '
Selenium (Se) <.001 -
Sodiuz (Ha) jna Y . -
Strontiva (5r) 47 - o
Vonadiua (V} <0.2 0.1
Hunc {Za) ,009 129
| ____Manganese (Mn) 0.005) | <0.005
S{iver (Ag) <0.01 <.005 _
Cobalt _(Co) _ <0.02 ' 0 ‘ ' |
__Antimony  (3b) 0.2 0,1
Uranism (0) 1.0046 —
i
' .
-
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TABLE 3-13
: Cont 'd,
. S S | -
Dale of STEELE BROS. Giw
Sampling . . -
Pat ame tex - .
L \\\
PINSLCAL BATA (-;_IL)\ 19/1Y/
|':I| {umits) 8.1
Specilic Cal_t:ﬂl%mnca
(umhosfem @ 257 C) 640
True Color ' ’
('t—Co Unigs) i —
Turbidity (NIU) ——
Temperature (°C)
Total residue 580
Filtrable residue 556
Ron-Filivable reaidue 24
Fixed total residue
Fixed filtrable rasldue
) Fixed non—filtrable
7 vesidue
| t ‘
. i
| |
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TABLE 3-13
Cont'd
i
pate of STEELE BROS. 6w

Om/ L]~ Sumpling
Parawcter B

- Mg (), Toral (T , .

{ ' {aaeus,oncanic, "191 1/ :
CALCHEATED VALVES = X S
Eoron (B) <0.1
Chloxide (C1) 5.98
Fluoride (F) 0.141 ‘ . ' _ ;
Sulfate (m‘) 183
fowrre. xS e | e e, an-neuas = S - U, AU FG S— |
Totol-¥jeldahl~
li:l.trum:_n ) ) N | )
Nicrate-Mereigen . .
(W05 -N) 0.26 ]
Nitrite-Hitrogen .
(R0, - <0.005
Total--Grthophonphate~ ! .
Fhosphorus (F) . '
Dissolved-Total Pl)‘ . -
Thosphorus (P} 0.033 . :

" lcon

™C <2 . .
Phenol

Total Bardness (cacoa) _——

Total Alknlinl.ty((:acn!) n

3 H '
L ‘ .

D.0. . ) i,

X Saturation

Nity (as N) 0,39 !




3.6

HC25

This well is in an aquifer about 12 m deep. The samples were collected
in special sterile bottles supplied by the South Central Health Unit.
The samples were sent to the Health Branch in Vancouver for analyses.

The results of the total and faecal coliform tests on Hat Creek samples
are presented in Table 3-14.

Coliform bacteria were not detected in any of the monthly samples from
the camp well.,

The coliform levels in Hat Creek were variable but were generally
higher during the warmer months. The December 1980 sample, which had
higher coliform levels than normal at the station near Highway 12, may
have been affected by runoff into the creek as temperatures were above
freezing the week the sample was collected. The variable coliform
levels in Hat Creek probably result from runoff from livestock grazing
areas throughout the valley. According to provincial and other
drinking water standards the waters of Hat Creek are not acceptable for
human consumption without treatment.

WASTE COAL LEACHATES

During the Bulk Sample Program in 1977 two leachate collectors, made of
plastic Tiners and perforated pipes, were pTaEed on sloped ground near
the Trench A excavation. A large pile of coaly waste material, which
covers about 1050 m2, was placed on one leachate collector and low
grade coal, covering about 280 m?, was placed on the other collector.
Since 1978 the volume and physical-chemical characteristics of leachate
from these two waste material piles has been determined. This
monitoring programme was continued during 1980. From the spring thaw
in March until December the daily volume of leachate was measured and
pH and conductivity were determined. An unpreserved sample of leachate
from the coaly waste pile was collected and sent for analyses on
8 July. On 20 October a second sample of coaly waste pile leachate was
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TABLE 3-14

HAT CREEK COLIFORM SURVEY RESULTS

Cotiform Count - MPN/100 mL

Near Lehman Ranch

Near Highway 12

Date Total Faecal Total Faecal

1979
14 Qct 79 49 27 8
19 Nov 16 16 16 16

1980
22 Jan 23 23 23 13
19 Feb 33 17 33 7.
16 Mar 2 <2 5 2
14 Apr 46 21 17 7
19 May 170 110 140 140
16 Jun 79 79 170 79
14 Jul 130 49 110 70
18 Aug - - 240 130
17 Sep 79 33 350 79
21 Oct 34 11 22 .8
17 Nov 17 11 17 5
17 Dec 33 23 240 23




HC25

collected and preserved before it was sent for analyses. These samples
were anaiysed at the B.C. Hydro research and development laboratory in
Surrey. The volume of leachate from the low grade coal pile was not
sufficient to provide samples for detailed analyses (see Table 3-17).

The daily volume of leachate that flowed from each waste pile and the
pH and conductivity of the 1leachate are presented in Table 3-15.
Leachate began to flow from the coaly waste pile during the spring thaw
in early April 1980. The daily volume of Tleachate collected during
April, May and June was relatively constant at about 30 L/d. Near the
end of June the daily volume of leachate from the coaly waste pile
began to increase and reached a peak in mid July when over 100 L/d was
collected. This increase is probably related to the abnormally high
rainfall that occurred in early June and continued through most of the
month. The monthly rainfall in June 1980 was almost five times the
normal level. From mid July until the end of the year the leachate
volume gradually decreased. Unlike previous years the Teachate did not
stop with the onset of freezing temperatures. During December about
40 L/d was collected. However, the early winter was mild with above
freezing temperatures and rain during December.

The total volume of leachate collected from the coaly waste pile during
the year was 14 300 L, more than ten times the volume collected during
1979. This volume represents over four percent of the precipitation
which fell on the pile during the &ear. 'In 1979, the volume of
Teachate coliected from the coaly waste pile was about 0.9 percent of
the volume of rain which fell onto the pile. The reasons for this
large increase are not evident. The pH and conductivity of the
leachate were relatively constant throughout the year and were similar
to values measured during 1979. The average 1979 and 1980 data are
shown in Table 3-16. The leachate was clear and yellow in colour as it
was in previous years.




TABLE 3-15

LEACHATES FROM COALY WASTES AND LOW GRADE COAL PILES

Date
e
1980

Rain

LCoaly Waste

Low Grade Coal

Volume
mL pH

Conductivity Volume
umhos/cm mL

Conductivity
pH umhos/cm

) = b pud b3t et et 3
QOWRSNITMEBWNE=OWOSIDU WM

NMNMNRARMNN NN N
WO~ &M

O M=
- » -
Fo N

Bucket 0
Over-
2 500

3.60 -

Feb.

turned
? 2 500

- Eh GE U W0 G G NN U OGN R G AN GR W BN GN WS 6

COMMENTS: Feb 26, 27, 28 : overnight temperatures about 0°C and daytime

temperatures above freezing.




TABLE 3-15 - (Cont'd)

Uate Loaly Waste Low Grade Coal
March Rain Yolume Conductivity Voiume Conductivity
1980 mm mL pH umhos/cm mL pH umhos/cm
1 ? 0
2 0 2 300 3.60
3 0 0
4 0 0
5 50 - - 2 000 3.8
6 0 20 -
7 trace trace -
8 0 0
9 0 20 -
0 . 0 120 3.70
11 0 150 3.65
12 0 20
13 0 trace -
14 0 0
15 0 0
16 0 0
17 0 0
18 0 0
19 0 0
20 0 20 -
21 0 150 3.80
22 trace - 470 3.75
23 trace 550 3.70
24 0 120 3.90
25 0 50 -
26 0 20 -
27 0 ’
28 0 2430 3.75
29 160 3.65 - 120 3.80
30 0 - 0
31 2.0 0 0
3.65 3.75
March 2.0 210 6560
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TABLE 3-15 - {Cont'd)

Date Coaly Waste Low Grade Coal
April  Rain Volume Conductivity Votume Conductivity
1980 mm mL pH . umhos/cm mL pH urhos/cm

1 0 0

2 0 0

3 0 0

4 0 0

5 1.8 4 900 3.60 1110 3.70

6 7 700 3.60 100 3.70

7 8 300 3.80 70 -

8 0.4 10 500 3.70 100 3.65

9 10 550 3.80 80 4.10

10 12 400 3.95 70 3.90

11 14 400 3.85 50 -

12 16 400 3.95 50 -

13 18 650 4.05 50 -

14 20 000 4.00 50 -

15 22 000 3.90 50 -

16 »>21 700 3.90 40 -

17 >22 000 4.00 30 -

18 27 200 3.90 30 -

19 27 650 4,00 40 -

20 0.4 >28 100 4.05 50 -

21 31 150 4,15 50 -

22 31 550 4,10 50 -

23 32 050 4.15 50 -

24 31 950 4.15 55 -

25 32 650 4,20 50 -

26 29 350 4,15 40 -

27 28 700 4.10 . 30 -

28 2.4 32 300 4,15 30 -

29 31 700 4,15 30 -

30 31 550 4.15 30 -

3.98 3.81
ApriT 5.0 >585 400 2 335
COMMENTS: > indicates that the collection bucket overflowed and the exact

volume could not be determined. .



TABLE 3-15 - {Cont'd)

I BD Gn BB SR U R SN S0 O B UR UN U W BN G B a

Date Coatly Waste Low Grade Coal
May Rain Volume Conductivity Volume Conductivity
1980 mm mL pH umhos/cm mL pH umhos/cm

1 31 800 4.10 30 -

2 32 100 4.10 30 -

3 31 600 4,10 30 -

4 32 150 4.10 30 -

5 31 350 4.10 30 -

6 31 300 4.05 40 -

7 29 350 4.00 30 -

8 30 050 4.05 30 -

g 4.6 30 350 3.90 30 -

10 30 050 3.95 40 -

11 1.0 2% 000 3.90 30 -

12 0.2 27 900 3.95 30 -

13 1.2 28 350 3.95 45 -

14 4.0 28 000 3.95 45 -

15 2.6 33 700 3.90 30 -

16 34 650 3.90 160 3.85

17 0.2 34 600 3.90 200 3.85

18 26 900 3.95 190 4.35

19 26 350 3.60 180 4,20

20 26 850 3.80 170 4.45

21 26 100 3.80 150 4.50

22 1.4 26 350 4,05 6 200 140 4.20 4 900
23 0.3 26 150 3.80 6 000 130 3.80 4 280
24 24 900 3.75 5 500 110 3.70 4 460
25 3.0 24 350 3.65 6 000 100 3.90 4 760
26 0.4 24 850 3.65 5 200 90 3.60 3 830
27 7.0 22 450 3.80 5 200 80 3.90 2 780
28 1.6 26 050 3.90 5 200 90 3.90 3 160
29 2.4 25 350 3.90 5 100 70 - -
30 26 100 3.90 5 300 60 -
31 9.6 25 100 3.85 4 900 50 - -

3.91 5 460 4,02 4 030
May 39.6 884 150 2 470
COMMENTS: > Collection bucket overflowed.



TABLE 3-15 - {Cont'd)

Date Coaly Waste Low Grade Coal
June Rain Volume Conductivity Volume Conductivity
1980 mm mL pH ymhos/cm mL pH umhos/cm
1 0.6 23 650 3.85 5 600 530 3.85 3 080
2 5.4 24 800 3.85 5 500 1 810 3.90 3 190
3 11.0 23 850 3.85 5 600 1180 3.85 3 180
4 22.0 23 900 3.85 5 600 4 620 3.90 2 980
5 6.2 - - - 12 800 3.85 3 080
6 4.4 23 250 3.90 5 100 12 710 3.80 3 050
7 1.5 24 900 3.90 4 900 >14 900 3.90 3 420
8 - 2.2 25 150 3.85 5 000 9 400 3.85 3 400
9 .22 650 3.90 4 700 3 020 3.90 3 230
10 . 23 300 3.80 5 200 2 140 3.75 3420
11 >14 300 3.90 4 830 1 570 3.85 3 150
12 >21 000 3.80 5 100 1 330 3.80 4 070
13 22 450 3.75 5 200 1 060 3.80 3 620
14 3.4 22 800 3.80 5 000 850 3.90 4 020
15 23 350 3.70 5 200 770 3.70 4 020
16 26.8 23 250 3.75 5 100 700 3.70 3 700
17 3.0  >17 500 3.55 5 000 14 700 3.60 3 090
18 27 400 3.65 5 100 17 400 - -
19 32 050 3.60 5 200 5 650 - -
20 30 500 3.55 5 300 5 500 3.60 3 280
21 12.0 31 850 3.60 5 200 3 300 3.60 3 480
22 3.6 35 750 3.70 5 100 2 300 3.65 3 480
23 36 200 3.75 5 200 1 850 3.70 3 310
24 37 850 3.75 5 100 1 550 3.70 3 510
25 1.8 39 150 3.70 5 400 1 250 3.65 3 880
26 1.2 40 300 3.80 5 100 1 100 3.70 3 230
27 0.2 41 400 3.80 5 300 . 860 3.70 3710
28 4.6 43 050 3.70 4 720 670 3.60 3 210
29 2.0 48 250 3.85 5 100 310 3.75 3 780
30 51 200 3.90 5 100 2 020 3.80 3 140
3.77 5 160 3.76 3 420
June I11.9 >890 000 >127 940

COMMENTS: > Collection bucket overflowed.




TABLE 3-15 - (Cont'd)

Date Coaly MWaste Low Grade (Coal
JuTy Rain Volume Conductivity Voiume Conductivity
1980 mm mL - pH umhos/cm mL pH umhos/cm
1 >55 000 3.90 5 000 1 040 3.75 3 780
2 >55 000 4,05 5 200 990 3.75 3 880
3 64 000 4.00 5 300 740 3.80 3 800
4 63 250 4,05 5 200 760 3.75 3730
5 >40 000 4,00 5 300 520 3.70 3 820
6 >56 000 4,00 5 600 600 3.75 4 050
7 >63 000 3.90 5 100 570 3.75 3 750
8 >78 000 3.75 4 890 540 3.60 3 700
9 81 200 3.75 5 200 520 3.60 3 630
10 3.4 83 700 3.80 5 200 480 3.60 3 920
11 1.2 85 500 3.80 4 870 480 3.60 3 570
12 0.2 89 200 3.95 5 000 440 3.70 3 620
13 1.8 89 700 3.80 6 200 390 3.70 4 400
14 91 200 3.90 5 000 370 3.70 3 690
15 0.6 93 200 4.10 6 000 350 3.65 3 910
16 2.8 93 000 3.90 5 800 340 3.70 4 050
17 101 000 3.95 6 100 - 270 3.70 4 100
18 5.4 91 300 3.95 6 000 210 3.70 4 170
19 95 200 3.95 5 700 280 3.70 4 370
20 92 100 3.95 5 400 240 3.75 4 390
21 . 94 800 3.80 5 700 200 3.65 4 200
22 93 400 3.80 5 600 190 3.60 4 460
23 83 500 3.75 5 800 . 180 3.65 4 710
24 93 700 3.80 6 100 160 3.60 4 690
25 92 500 3.75 5 900 150 3.60 4 960
26 92 400 3.80 5 700 150 3.70 4 700
27 93 100 3.70 5 700 : 140 3.60 4 280
28 , 91 400 3.75 5 300 130 3.65 4 340
29 91 100 3.85 5 600 110 3.60 4 420
30 90 400 3.80 5 200 90 -3.60 4 180
31 85 600 3.90 5 600 70 3.60 4 030
3.88 5 490 3.67 4 110
July 15.4 >2 572 450 11 700

COMMENTS: > Collection bucket overflowed.




TABLE 3-15 - (Cont'd}

Date Coaly Waste Low Grade Coal
Aug Rain Volume Conductivity Volume Conductivity
1980 mm mL pH umhos/cm mL pH umhos/cm
1 91 800 3.90 5 400 60 3.70 3 600
2 7.8 83 000 3.85 5 300 60 3.75 4 340
3 90 900 3.85 5 500 7 600 3.65 3 960
4 6.4 91 000 3.80 5 700 2 750 3.60 4 080
5 2,2 86 500 3.80 4 490 1 670 3.60 3 590
6 87 000 3.80 5 900 1 100 3.65 4 270
7 85 000 3.80 5 500 800 3.60 4 000
8 0.2 85 600 3.85 4 980 680 3.60 3 620
9 3.0 85 000 3.75 5 200 670 3.60 4 040
10 . 1.2 83 400 3.80 5 300 610 3.65 3 930
11 1.4 81 900 3.75 7 100 ‘ 560 3.60 4 980
12 0.2 81 500 3.80 6 000 490 3.60 4 320
13 0.2 80 400 3.70 5 600 470 3.55 3 980
14 80 900 3.70 5 600 400 3.55 4 410
15 0.4 82 900 3.80 6 000 340 3.55 4 380
16 2.0 74 800 3.80 6 000 310 3.70 4 250
17 A.4 77 600 3.80 5 900 290 3.60 4 530
18 76 500 3.80 5 500 310 3.60 4 480
19 76 000 3.75 5 600 250 3.60 4 550
20 76 200 3.75 5 900 180 3.65 4 250
21 75 800 3.70 7 000 . 150 3.60 5 200
22 74 700 3.70 6 000 130 3.60 4 720
23 74 400 3.70 5 900 110 3.60 4 620
24 74 300 3.75 5 300 90 3.60 3790
25 73 200 3.75 5 700 70 3.60 4 110
26 73 100 3.70 5 800 60 3.70 3 920
27 6.2 73 400 3.75 5 100 : 40 3.70 -
28 T 73 300 3.80 5 900 30 3.65 -
29 0.6 71 900 3.80 5 800 90 3.65 4 160
30 0.6 70 600 3.80 5 800 80 3.70 4 010
31 1.6 72 900 3.80 5 900 70 3.70 4 300
3.78 5 720 3.63 4 220
Aug 38.4 Z 475 500 20 530
COMMENTS:




TABLE 3-15 - (Cont'd)

Date Coaly Waste Low Grade Coal
Sept Rain Volume Conductivity Voiume Conductivity
1980 mm mL pH umhos/cm mL pH umhos/cm
1 4.0 71 900 3.80 6 000 50 3.70
2 5.2 70 900 3.70 5 200 40 3.70
3 71 200 3.70 5 100 450 3.55 4 090
4 70 300 3.75 5 300 520 3.60 3 820
5 - 70 400 3.70 4 310 350 3.60 3 490
6 1.6 69 400 3.80 5 500 250 3.65 4 380
7 69 300 3.65 5 800 170 3.55 4 250
8 69 000 3.70 6 200 130 3.75 4 910
9 68 800 3.65 6 000 90 3.65 4 920
10 68 800 3.65 6 200 70 3.60 4 760
11 5.8 68 700 3.70 6 000 50 3.80
12 6.8 68 000 3.75 6 100 250 3.70 4 410
13 5.8 65 900 3.75 6 000 2 640 3.70 4 530
14 0.2 67 700 3.75 6 000 4 210 3.70 4 410
15 67 600 3.75 6 200 2 310 3.65 4 560
16 67 100 3.65 6 200 1 400 3.65 4 530
17 66 500 3.60 6 800 1 010 3.60 4 930
18 66 400 3.60° 6 200 770 3.60 4 550
19 65 600 3.65 5 900 650 3.60 4 240
20 65 700 3.65 5 400 510 3.60 4 010
21 65 700 3.60 5 600 410 3.60 4 230
22 65 100 3.70 5 400 320 3.65 4 000
23 64 800 3.70 5 200 280 3.65 3 880
24 64 900 3.70 5 200 230 3.60 3 980
25 65 100 3.60 5 000 210 3.55 3 820
26 64 600 3.65 6 400 140 3.60 4 610
27 62 800 3.65 6 300 : 130 3.60 4 720
28 64 200 3.65 6 200 120 3.65 4 420
29 65 600 3.65 6 200 100 3.60 4 530
30 62 900 3.65 6 300 80 3.60 4 780
: 3.68 5 807 3.64 4 360
Sept 29.4 2 014 900 17 940
COMMENTS:




TABLE 3-15 - (Cont'd)

Date Loaly Waste Low Grade Coal
Oct Rain Volume Conductivity Voiume Conductivity
1980 mm mL pH pmhos/cm mL pH umhos/cm
1 63 800 3.70 6 100 70 3.70 -
2 63 400 3.65 5 900 50 3.65 -
3 63 700 3.60 5 800 40 3.65 -
4 63 500 3.65 4 800 30 3.65 -
5 63 100 3.60 6 800 20 - -
6 63 300 3.65 6 100 20 - -
7 63 000 3.60 6 200 20 - -
8 5.2 63 100 3.60 5 800 20 - -
9 62 800 - 3.65 4 930 10 - -
10 62 200 3.60 5 200 50 3.70 -
11 1.0 62 600 3.60 5 300 40 3.70 -
12 . 63 000 3.60 5 300 40 3.75 -
13 0.6 62 400 3.60 5 400 30 3.70 -
14 61 800 3.60 5 800 20 - -
15 62 00C 3.60 5 300 10 - -
16 61 700 3.60 5 100 T - -
17 1.4 62 000 3.60 5 400 0
18 61 400 3.60 5 700 0
19. 1.8 61 000 3.60 5 600 0
20 3.0 61 200 3.60 5 300 0
21 1.8 61 000 3.60 5 300 0
22 61 100 3.60 5 500 0
23 60 700 3.60 5 500 0
24 60 400 3.55 5 500 0
25 60 200 3.60 5 300 0
26 60 000 3.60 5 500 0
27 59 800 3.60 5 400 0
28 59 700 3.60 5 500 0
29 59 600 3.60 5 600 0
30 59 600 3.55 5 600 0
31 0.2 59 100 3.55 5 600 0
3.60 b 553 3.68
Oct 15.0 1 91z 200 470
COMMENTS: T - Trace




TABLE 3-15 - (Cont'd)

Date Coaly Waste Low Grade Coal
Nov Rain Volume Conductivity Volume Conductivity
1980 mm mL . pH umhos/cm mL pH umhos/cm
1 T 58 800 3.55 5 500 0
2 58 400 3.60 5 600 0
3 1.0 58 100 3.60 5 600 0
4 T 57 900 3.55 5 800 0
5 0.6 58 000 3.55 5 700 0
6 3.0 57 700 3.50 5 000 0
7 57 500 3.55 5 300 0
8 57 200 3.55 5 400 0
9 57 300 3.55 5 200 0
10 -- 57 200 3.60 5 100 0
11 57 100 3.60 5 100 0
12 >54 000 3.60 5 200 0
13 >54 000 3.60 5 400 0
14 >54 700 3.60 5 300 Q
15 >54 300 3.60 5 600 0
16 >53 400 3,60 5 800 0
17 >53 700 3.55 5 300 0
18 >53 200 3.50 5 600 0
19 53 600 3.60 5 700 0
20 3.4 53 900 3.55 5 700 0 |
21 53 100 3.55 5 600 0 |
22 >52 400 3.50 5 500 0 |
23 >50 200 3.55 5 800 0
24 >54 300 3.55 5 800 0
25 >54 100 3.60 5 700 0
26 4,0 >54 200 3.60 5 800 0
27 1.0 >54 900 3.60 5 600 0
28 50 700 3.60 5 800 0
29 51 200 3.60 5 500 0
30 >51 500 3.60 5 400 0
3.57 ‘5 513

Nov 13.0 >1 646 600

COMMENTS: 28 cm of snow accumulated during month.
> Collection bucket overflowed.



TABLE 3-15 - {Cont'd)

Date Coaly Waste Low Grade Coal
Dec Rain Voiume Conductivity Volume Conductivity
1980 mm mlL pH umhos/cm mL pH umhos/cm
1 48 000 3.60 5 200 0
2 45 000 3.55 5 500 0
3 41 000 3.50 5 800 0
4 39 000 3.50 6 200 0
5 39 000 3.55 6 300 0
6 49 000 3.55 7 100 -0
7 37 000 3.55 6 700 0
8 40 Q000 3.55 5 800 0
g 48 700 3.55 6 100 0
10 42 400 3.60 5 800 0
11 43 400 3.60 5 200 0
12 42 400 3.55 5 200 0
13 43 200 3.55 5 400 0
14 45 200 3.55 5 500 0
15 46 100 3.50 5 700 0
16 45 600 3.55 5 800 0
17 45 700 3.55 5 800 trace - -
18 47 200 3.50 5 800 0
19 47 600 3.55 5 800 0
20 47 100 3.60 5 800 0
21 N.D. N.D. N.D. 0
22 45 000 3.55 5 800 0
23 43 000 3.50 6 100 0
24 41 800 3.60 5 600 0
25 45 800 3.80 6 100 0
26 10.0 43 200 3.60 5 800 0
27 N.D. N.D. N.D. 0
28 44 Q00 3.65 4 210 0
29 46 500 3.65 4 210 100 3.75 7 500
30 T 44 700 3.55 5 200 180 3.65 7 200
31 1.0 43 600 3.65 4 870 1 050 3.80 4 340
3.57 5 669 3.73 6 347
Dec 11.0 >1 300 000 1 330

COMMENTS: Snow accumulated to 30 cm to 7 December and then melted. On

31 December there was 16 cm of snow accumulation.

N.D.

No date.
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TABLE 3-16
AVERAGE CHARACTERISTICS OF COAL WASTE LEACHATES

Coaly Waste Low Grade Coal
Rainfall Volume pH Conductivity Volume pH Conductivity
Year mm mL - umhos/cm mL - umhos/cm
1979 130 1245 3.9 5 500 66 3.9 --
1980 300 14 300 3.8 5 550 194 3.7 4000

The results of physical-chemical analyses of the leachates from the
coaly waste pile are presented in Table 3-17. The trace metals and
other cations showed a general increase in the 1980 results, Copper,
lead and 2inc levels were significantly higher than in previous years.

In 1980 the samples were analysed at the .B.C. Hydro research and
development laboratory and by Beak Consultants Limited in previous
years. A comparison of surface water analytical results for these two
laboratories was carried out in 1978. The results from the two
laboratories compared favorably, although the B.C. Hydrec results tended
to be higher than those from Beak. In 1979 and 1980 commercial
fertilizers were added to the revegetation test plot on the coaly waste
pile. The cation concentrations in the Jleachate may have been
influenced by these chemical additions.

During March daytime temperatures were often above freezing and
leachate from the smaller low grade coal pile began to flow in March,
one month earlier than from the coaly waste pile. ‘The volume of
leachate from the low grade coal pile generally followed the level of
rainfall more closely than the larger coaly waste pile. The daijly
volume of leachate from the low grade coal pile was very high during
the heavy rains in June. The flow of Teachate stopped in mid-October
when freezing temperatures occurred, except for a small amount during
the warmer temperatures in December. The total volume of leachate .




TABLE 3-17
'ANALYSES OF LEACHATES FROM COALY WASTE PILE

Date of SURFACE WATER - COAL WASTE LEACHATE
{mg/L) Sampling : 1 .
z::;:;‘:; o, 28/4/78 9/6/78 23/8/78 24/ 54 79 2 t8t9 | 218779 8.’ LR 20/10/80
“otal (T) - CATIONS Plea. | Total | pise.] Total] Diss. [Total | Ddes | Total( Diss T'ftll DIss | TOTAL TRIVALENT piIss | TOJAL TRLVALENK
Aluwloum (Al) 2.9 3.4 3.3 9.7 24 8.2 7. <0.1 24.0 | 24.7
" Arsenic (As) . <0.005 }<0.005 {<0.005 | <0.005]| - 0.007 0.007 .008 { <.005 <.00 | <.006 <.005 .
Caduium {(Cd) ko.005 ]<0.01 <0.01 0.03 0.0% 0.03
Calctum (Ca) 760 720 720 | 800 200 00 460 w0 | 508
Chromium (Cr) <0.010 [<0.010 [<0.010 [ <0.010 %0.01 |<0.02 < 0.02 0.04 0.02 | 0.03
Copper (Cu) 0.035 | 0,036 | 0.03 | 0.044 .02 | 0.016 0.012 0.088 ns 1 s
Iron (Fe) 0.30 .| 0.13 { 0.37 | 0.38 0.56 | 0.10 0.09 | 0.43 40 | 40
Laad (Fb) <0.01 |< ©.02 <0.02 0.19 N .15
Lithive (L1) 0.17 | 0.19 } 0.13 | 0.2 . 0.26 | 0.09 0.09 .388 a3 | a7 ‘
Hagnesivm {Mg) 580 570 570 550 550 440 420 940 635
Mercury (Hg)(ug/1) «0.25 | <0.25] <0.25] <0.25 <}, 25 <b.23%
Holybdenum (Mo) . 0.950} g.006 H 0.010 <0.04 <0.02 | <0.04
Nickel (Kf) 0.10 | o.052| 0.053 0.098) 0 030 | 1{ 0.086 0.17 0.17 | 0.18
Fotassium (K) 0 20 ‘ 27 12 i 12 .7 26.7
Selenfum (Se) <0003 | <0.003 | <0.003 { <0.003 0003 Lo ooz | Im.qm_ . <.001 | <.001
Sodium (Ka) 240 190 190 190 170 130 m 165 132
Strontium (5r) 1.8 1.5 1.% 2.6 ‘ 2,3 | 1.3 1.1 4.77 4.20 { 4.24
Vanadium. (V) 0.042 ] 0.033 | 0.016 | <0.04 0.23 |0.020 0.018 0.2 0.1 | «0.2
Zne (2Zn) 0.057 | 0.089 | 0.089 | 0.13 0.17 | 0.12 0.11 .153 293 | 1.4
Beryll jum k0.0003 <@.0003 .
Manganese . : - 2.4 2.2 6.72 6.84 7.02
Branium ' ©.00020 0.00010 0. 0070 0.0100 | 0.0110
Thoriua 0.32 0.18




TABLF 3-17
Cont'd

Date of :
(/1. Sampling SURFACE WATER - GOAL UASTR LEACHATE t
Parameter )
n‘t;;o-“(sb)o-mllc (r 28/4/78)  9/6/18 23/8/18 %4517 wtstw | 221879 8/7/8 | 20/10/ % '
Em_uu.im nu’lgs Diss. | Total |Diss. | Total | bies| Total| Diss Total | Diss |Total DIss TOTAL { pIsS TOTAL

Boron (B) 0.2 0.2 | 0.23 | 0.44 0.2 0.2 0.3 2.2 *1.6 !

Chloxide (C1) 15 15 1 10 5.4 5.5 10.6 8.42

Fluoride (7) a.097 0-09 |o.238 0.209 lo.250 0.34 0.43

Sulfate (M‘) 3800 4300 2900 5600

2300 1900 3300 3000

Total-Kjeldahl- .
Nitrogen (N) rJ

Hitrate-Nitrogen 220
(N0, -N) 450 380 420 unpres B2

Nitrite-Nitrogen 0.298
(0, -#) _ 0-090 <0003 <0.003 whpres 0.042

Totsl-Orthophosphate-
Phosphorus (P)

Pissolved-Total PO
Phosphorus (P) 9 <0.003 | o0.010 £.003 <0.003 0.003 <0.04 0.059

cob
TOG 395 430

257 290 — 292

Phenol

Total Bardness (f:lw:) 42%0 4140 4261 N00 2900 %020 —_——

Total uhn-uy(cace,) 56 i <0.5 <0.% <0.5 0.5 <0.5

IODS

I Saturation

* Carmine method, .
others Curcumine method k



TABLE 3-17
Cont'd

Date of ! -G LEACHATE
Sampling ! B

zsnn& 9/6/78 23/8/78 2475179 |24 78179 |27 /81 79| 8/7790 mnollIH
Dias, Total

Parameter

FHYSICAL DATA (mg/L

pE (unite) 5.6 5.2 1 4.3 4.0 5.1 1.9 | 4.2 4.0
ifd Coﬁlﬁtl

S(P..:osr:- ety | T0e 7500 | 7080 | 6330 |sas0 | sse0 | 6000 | 5520

True Color |

{Pt-Co Uaits) 270 ———

Turbidity QrTU} 32 | 40 " » |26 -

Temperature (°C)

Total residue 9231 | 8097 | #s10 8500 | 7700
Filtrable residue 8150 8960 | 8058  |r210 6130 6320 8700 7100
Hen—-filtrable residue 22 271 » 1300 263 260 200 600

Fixed total vesidue

Fixed filtrable residue

Fixed non-filtrable
residue
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3.7

collected during the year was 194 L, about three times that collected
during 1979. This volume was about 0.2 percent of the rainfall that
fell on the pile, the same ratio that was recorded in 1979,

The average pH and conductivity of the leachate from the Tow grade coal
pile were 3.7 and 4000 umhos/cm respectively. The leachate was clear
and colourless as in previous years. Physical-chemical analyses were
not carried out on the leachate from the low grade cocal pile during
1980.

MERCURY SAMPLING

Mercury is an important trace element with respect to potential
environmental contamination. The wminimum detectable concentration
(MDC) in the procedure normally used for analysis of the Hat Creek
environmental programme water samples is 0.25 pg/L. During 1980
selected surface water samples were analysed using a more sensitive
analytical procedure that had a MDC of 0.05 ug/L. Commencing in May,
monthly samples were collected for special mercury analyses.

Samples were collected from two sites; in Hat Creek about 2 km upstream
of the confluence with the Bonaparte River, and in the Bonaparte River
about 2 km upstream of Hat Creek. The samples were collected and
preserved by B.C. Hydro personnel' using' special equipment and
preservatives supplied by the provincial Ministry of the Environment,
Environmental Laboratory in Vancouver, The sémp]es were taken
7.5 to 15 cm below the surface. Total samples were presenved with
6 percent potassium dichromate and 6 percent concentrated sulphuric
acid. Samples for dissolved mercury analyses were filtered through
0.45 micron filters before preserving chemicals were added. The
samples were analysed at the Ministry of the Environment laboratory in
Vancouver.
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The results of these mercury analyses are presented in Table 3-18.
Only five of the 32 samples analysed had mercury concentrations that
were greater than 0.05 ug/L, the MDC, and those five were close to the
MDC. A1l four of the November samples had mercury levels greater than
the MDC. Though whether this observation is real or an artifact of
sampling and/or analytical procedure is in doubt. Overail, the results
show that the mercury concentrations at these Tocations in Hat Creek
and the Bonaparte River are very low.

3-10




TABLE 3-18
SURFACE WATER MERCURY ANALYSES

Mercury Concentration in ug/L

Date Sampied Hat Creek Bonaparte River
1980 Total Dissolved Total Dissolived
12 May * * * *
11 June 0.07 * * *
13 July * * * *
11 August * * * *
'1-5 September * * * *
14 October * * * *
18 November 0.06 0.06 0.05 0.05
17 December * * * *

* Tess than the minimum detectable concentration (MDC) of 0.05 ug/L.

-
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SECTION 4.0 - HMETEOROLOGICAL AND AIR QUALITY MONITORING

In 1974 B.C. Hydro established a network of meteorological stations in
the Hat Creek region to collect data for the initial project
development studies. Since 1977 additional meteorological and air
quality monitoring stations have been established to better define and
document local atmospheric conditions. Collection of this information
was continued during 1980 by the Environmental Services Section,
Operations Group. An inventory of the meteorological and air quality
monitoring program is presented in Table 4-1. These data, which are
collected by B.C. Hydro and various consultants, have been reduced,
varified and assembled by the Environmental Services group and are
available from their files.
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TABLE 4-1
B.C. HYDRC METEOROLOGICAL AND AIR QUALITY INVENTORY

& ' ; )
A8 L EEE LG sk IE
MR EME MEER
P REEREEEI HEL
PERIOD OFf RECOND =Bl & Bj & %138 gl
STATION uarstvor | wowcizwoe| eievavion| sl e F E hg | ] .. FHE
wo.| wwezn STATION MAHE a ! . - ™ H o wm W dg 1E1d]3 gle H AR BB EHE
UAT CREFK - WEZYEOMOLOCICAL
) 116537 | Wighway 12 5o [ » 78 194 1§ xf |z] | |= X
TR x
19y o7 xi{x X
. 1879 o8 ' L ) x
2| 1832 | suectton so 4} 1 % " 14U i | = 1 x
1517 05 x
1519 91 1 3
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