[P |

CURRAGH RESOURCES INC.
FARO, YUKRON
WATER LICENSE Y-IN85-0O5AL

1987 ANNUAL REPORT

020407




TABLE OF CONTENTS

List of Figures ........ceoceveeoeeoscnnosenoenss erresens iii
List of Tableg ......iciteeveneeccnsnoans Cheerevee s naas iv
1, Surface Water Quality Data ........... ceeersnsaasa I |
1,1, Summary .......ceiviereercnocscncsnccnas P |

1.2. Methods ..... ceeean cet et atecesasena teesee e 1

1.3 Ammonia ......ccc000000000 et reaae e enan . 1
1.3.1. Sources of Ammonia ..... ch et e 1

1.3.2. Impact on Rose Creek ........0nv00eees O

1.4. Cyanide ,......ccecveeesoans crecesrae e e ce O
1.4.1. Impact on Rose Creek ......ceveevennsns S

1.5, Lead .......iveviinvnnanss Ceees et ienenennnan 11
1.5.1. Sources of Lead ............. cereace s 11

1.5.2. Impact on Rose Creek ...........c... oo 11

1.6, ZincC ....iiiiiiititeats ittt eenrnenenes 11
1.6.1. Sources of Zinc ......coiviverevnneses 12

1.6.2., Impact on Rose Creek ........coveveeee 12

B 61 < = o 20
1.7.1. Sources of CoppPer ........iiiverennnean 20

1.7.2. Impact on Rose Creek ..,......ovveeeuss 20

B O+ 2 20

1.9. Suspended Sollds Gt e et eseteaens teeetaeraans .. 20
1,10, Flow Data .......ccvveueenn Ceseessee s s 25

2 Groundwater Data ........cccvvevenen ceveens seetere s 28
2.1 Interpretation of Results ....... . - .. 28

3. BioaBS8ayS ...cccccctcinctonctncas Cess s enerernens eees 29
4, Physical Monitoring ........cciivvneennrvnnennn cve.. 30
S. Fresh Water Consumption ..........ccvcuven. et acenos 31
5 L] 1 L ] water Supply ...................... ® & & & & 8 0 0 00 31

5.2. Consumption ........iccecveeee teeest e e e ee. 31

6. Pit Water Pumping ........ceceeevurennnnns [ .. 32
7. Tailings Facility Water Balance .......... ceeesensaas 33
8. Maintenance Work ........ Cesaseanns cecestensesenas .. 33
8.1. Jobs Completed ....... vesear e e ceevaans 33

8.2, Jobs to be Done During 1988 ............ cee.. 34

9. Waste Rock Deposition ......cc04 Cetee s it e .o 35



ii

10. Assessment of Elimination of 1000 IGPM Spill ....... 36

11, Water Congervation ..... cesercreaeans cres e e 36
11.1, Reduction in Primary Consumption te e 36
11.2. Internal Re—cycle .......ivteeennnnenonnseocs . 36
11.3, External Re—cycle .......ceeeienennnnnes veeess 37

References .......... . teseeneeaan Cesec e e . 38

Appendix 1 - Surface Water Monitoring Program Results

Appendix 2 - Biocassay Results

Appendix 3 - Groundwater Monitoring Program Results

Appendix 4 - 1987 Performance Monitoring of the Down Valley

Tailing Project - prepared by Golder Associates
Appendix S5 — Assessment of Fish Habitat Impacts Associated with

Flow Reductions in Rose Creek below the South Fork
Confluence - prepared by P.A. Harder and Associates
Ltd.




LIST OF FIGURES

Sampling Point Locations ............. Ceeeataenaan

Ammonia at XS5, Cross Valley Dam Decant ...........

Ammonia at Rose Creek Sites ......... ceseses ceevae
Cyanide at X9, Tailings Line .........c0c00.. ees e
Cyanide at X4, Intermediate Dam ...... e,
Cyanide at X5, Cross Valley Dam .......c00evevvenn
Cyanide at Rose Creek Sites ............ tecerraens
Lead at X5, Cross Valley Dam Decant ..............
Lead at Rose Creek Sites ..........vivivennnns ceenn
Zinc at X22, Faro Pit Water ........cciveecveenens
Zinc at X23, Seep from Faro Dumps ......coccceeeen
Zinc at X1, 0Old Tailings Pond Decant .............
Zinc at XS, Cross Valley Dam Decant ..............
Zinc at Rose Creek Sites ..........cciiivirnnnnnns
Copper at X5, Cross Valley Dam Decant ............
Copper at X9, Tailings Line .......¢.c.ceetvrenvenas
Copper at Rose Creek Sites. .....¢.v0vivvnne. ceean
Suspended Solids at rose Creek Sites .............
Seeps from Cross Vailey Dam ...ciiiinnnnnnnen sensa

Major Inflows to Tailings Impoundment .......... o

0 N o »

10
12
13
15
16
17
i8
19
21

23
24
26
27

iii



1.
2.

LIST OF TABLES

Summary of Effluent Water Quality

Mill Fresh Water Consumption ....

iv



1, SURFACE WATER QUALITY DATA

The complete set of water quality data is presented in tabular
form in Appendix 1. Summary statistics are presented for each
month and for the year.

1,1, Summary

Table 1 presents a summary of effluent water quality data along
with effluent standards from Curragh Resources Inc.’s water
licence., Site locations are indicated on Figure 1.

Cyanide, ammonia, lead and copper effluent standards were
exceeded on occasion at the Cross Valley Dam decant (XS). of
these, cyanide was considered to be potentially the most serious
and efforts were made to reduce the 1levels and to develop an
emergency treatment system, The seepage from the Cross Valley
Dam was within effluent standards for all parameters with the
exception of cyanide,. Zinc concentration, which had been a
problem in previous years, was well within effluent standards at
both sites.

1.2, Methods

Samples were collected and preserved for analysis as indicated in
Schedule C of Curragh Resources Inc.’s water 1licence.
Temperature was measured with a thermometer in the field and pH
was measured in the mine assay lab as soon as possible following
sample collection, Samples were then shipped to commercial
laboratories for analysis as follows:

* Cyanide and ammonia: Ecotech Labs, Kamloops, B.C.

* Other parameters: Bondar-Clegg and Co.Ltd., Whitehorse, Yukon

Results were reported monthly to the Yukon Territory Water Board.

1,3, Amﬁonia

Ammonia concentration at XS fluctuated about the effluent
standard of 1.00 mg/L from April to the end of the year, reaching
a peak of 1.7 mg/L in December (Figure 2),

1,3,1, Sources of Ammonia
Ammonia entered the system from the following sources:

* Pit water (X22), average ammonia concentration 4.3 mg/L, range
<0.01 to 16.3 mg/L.
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TABLE 1; SUMMARY OF EFFLUENT WATER QUAL
Contaminant concentrations in mg/L, pH in pH units

A, Site XS; Decant from Cross Valley Dam

Parameter Effluent Year Number of Standard Range
Standard Average Samples Deviation

Ammonia 1.00 0.94 52 0.33 <0.01-1.70
Cyanide 0.05 0.05 47 0.04 <0,01-0.17
Lead 0.20 0.11 52 0.07 0.03-0.25
Zinc 0.50 0.16 52 0.07 0.06-0.30
Copper 0.20 0.05 52 0.04 <0.01-0.23
pH >6.5 7.93 52 0.23 7.61-8,71
Suspended

Solids 15.0 1 52 1 <1-4

B 13 Seepage from C;oss Valle

Parameter Effluent Year Number of Standard Range
Standard Average Samples Deviation

Ammonia 1,00 0.52 52 0.21 <0.01-0,97
Cyanide 0.05 0.05 15 0.04 <0.01-0.15
Lead 0.20 0.01 52 0.01 0.00-0,05
Zinc 0.50 0.01 52 06.01 <0.01-0.07
Copper 0.20 0.01 52 - 0,01 <0.01-0.09
pH >6.5 7.66 52 0.26 7.23-8.78
Suspended

Solids 15.0 2 52 1 <1-24
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AMMONIA AT X5, CROSS VALLEY DAM DECANT
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* Tailings 1line (X9), average ammonia concentration 1.08 mg/L,
range 0.27 to 2.9 mg/L. ‘

Ammonia is in residueg from explosives used in the pit; there is
no ammonia addition in the mill. Ammonia concentration in the
pit water was erratic, showing no seasonal trend. The much lower
concentrations in the tailings 1line also showed no seasonal
trend, The apparent rise in the ammonia at X5 over the year may
indicate a decrease in residence time in the pond system with
increases in tailings solids volume. The pond would be expected
to decrease in efficiency under winter conditions, as ammonia
breaks down through oxidation,

1,3.2, Impact on Rose Creek

Ammonia levels at the downstream site (X14) ranged from <0.,01 to
0.76 mg/L, averaging 0,43 mg/L. Background levels (at X2) were
as high as 0.4 mg/L, with an average of 0.19 mg/L and similar
ammonia concentrations were found at the pumphouse pond (X3) and

the diversion canal (X10) (Figure 3). Toxicity of ammonia
depends on the concentration of free ammonia, which varies
greatly with pH. Fish toxicity studies have indicated that

ammonia should not adversely affect fish in receiving waters with
PH below 8 and ammonia 1less than 1 mg/L (Sawyer and McCarty
1978) .

1.4, Cyanide

Cyanide concentrations at the tailings line (X9), the
Intermediate Dam (X4) and the Cross Valley Dam (XS5) are shown in
Figure 4, Figure S and Figure 6, respectively. Levels at all
three gsites were high in the early spring. Split sampling with
the Water Resources Division of Northern Affairs subsequently
showed that this was due more to analytical problems than to true
increases in cyanide,.

However, in late summer, levels began to rise again. The levels
of cyanide addition in the mill were reduced, with good results
for December. Bench scale treatability tests were initiated, as
it was felt that the mine should have an emergency cyanide
treatment facility at the Intermediate Dam. The frequency of
biocassays at X5 was increased to one per month as cyanide
analyses are unreliable at low levels,.

1 1, Impact on Rose Creek

Cyanide levels in Rose Creek are plotted on Figure 7., During the
first half of the year, cyanide levels at the downstream site did
not rise above the detection limit (with the exception of March,
for which analytical errors are suspected). However, from July
on, cyanide was preszent at the downstream site.
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FIGURE 4

CYANIDE AT X9, TAILINGS LINE
CURRAGH RESOURCES, INC. — FARO MINESITE
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CYANIDE AT X4, INTERMEDIATE DAM DECANT
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CYANIDE AT X5, CROSS VALLEY DAM DECANT
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CYANIDE mg/L

FIGURE 7

CYANIDE AT ROSE CREEK STATIONS

CURRAGH RESOURCES INC. — FARO MINESITE
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Most toxicity data relates to free cyanide concentration, which
may be a small proportion of the total cyanide measured at the
downstream site, A comparison of total and weak acid dissociable
(closer to free cyanide) levels at X5 was performed in late 1987
and 1988 to assess toxicity of the effluent. In 12 samples from
X5, the mean ratio of weak acid dissociable to total cyanide was
0.40, with a range of 0.14 to 0.66, Applying this ratio to the
receiving water data indicates that free cyanide concentrations
in Rose Creek in 1late 1987 were probably not acutely toxic
(confirmed by bioassay results), but may have been within the
range of chronic toxicity to fish (Anon. 1987).

1,5, Lead

Lead concentration in the effluent exceeded the standard on four
occasions during the summer, Levels were generally low in winter
and spring, roge in the summer and dropped again in December
(Figure 8) .,

1.5,1, Sources of Lead
Lead entered the impoundment from the following sources:

« Tailings line (X9), average lead concentration 0.16 mg/L, range
<0.0l1 to 1.9 mg/L.

* 0ld tailings dam decant (X1), average lead concentration 0,65
mg/L, range <0.01 to 10.6 mg/L.

+ Pit water (X22), average 1lead concentration .12 mg/L, range
<0,01 to 0.49 mg/L.

Levels were erratic in all sources. A high proportion of lead in
water is usually bound to particulates (Moore and Ramamoorthy
1984); it 1is probable that most of the lead entered the tailings
impoundment in particles of tailings or soil.

1,5.2, Impact on Rose Creek

The highest lead level in the creek was recorded upstream of the
mine in the North Fork (X2) during freshet, coinciding with a
high suspended golids concentration (Figure 9P . Lead
concentrations downstream of the mine (X14) were in the range
0.02 to 0.07 mg/L, well below the toxic threshold (Moore and
Ramamoorthy 1984) and below the chronic toxicity concentration of
total lead for most fish studies (Anon. 1987),

1,6, Zinc

There was a marked improvement in =zinc concentration in the
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FIGURE 9 :
LEAD AT ROSE CREEK SITES
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effluent in 1987. Zinc exceeded effluent standards during
periods of 1985 and 1986 when pit water was being pumped to the
tailings ponds but no lime was being added through milling or
water treatment. The mill was in operation throughout 1987 and
the tailings were sufficiently alkaline (average pH value of 9.53
at X9) to precipitate most of the zinc. Zinc concentration was
well below the effluent standard throughout the year.

1,6,1, Sources of Zinc
Sources of zinc to the tailings impoundment were:

- Pit water (X22): moderate flow (average 62 L/s), average zinc
concentration 28 mg/L, range 1 to 111 mg/L.

- Seep from waste dumpe (X23): very low flow (3 L/s on September
28), average zinc concentration 25 mg/L, range 9 to 45 mg/L.

* Decant from old tailings (X1): moderate to low flow (average
S0 L/8, September to November), average zinc concentration 41
mg/L, range 1 to 75 mg/L.

Zinc concentrations at these three sites are plotted in Figure
10, Figure 11 and Figure 12, Peak zinc input to the impoundment
occurred during May and June, with increased concentrations in
all three sources. However, zinc levels in the effluent remained
low (Figure 13) . ‘

The failings line (X9) was not a significant source of zinc in
water, with only .08 mg/L zinc average,

1.6,2, Impact on Rogse Creek

Zinc concentrations in Rose Creek are presented in Figure 14,
Downstream zinc levels (X14) ranged from ,03 to .12 mg/L and did
not greatly differ from 1levels in the North Fork, which ranged
from .02 to .10 mg/L. Although these levels are not likely to be
acutely toxic, chronic toxicity to fish may begin about 0.07 mg/L
(Anon, 1987), :

Potential sources of 2zinc to the North Fork are: a) natural
(zinc levels in the soils are high in the area) b) water pumped
to the Faro Creek diversion upstream of the pit and ¢)
groundwater from the Zone 2 Pit area.

Zinc concentrations at X3 (pumphouse pond) rose sharply in
February and steadily declined to low levels by June,
This presumably resulted from groundwater movement from the old
tailings pond area. There was, however, no observable impact on
Rose Creek downstream of this location (X10 and X14).
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ZINC AT X22, FARO PIT WATER
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1,7, Copper

Copper levels were well below the effluent standard of 0.20 mg/L
for most of the year (Figure 15), However, 1levels increased
during the fall and winter, exceeding the standard on one
occasion. Copper forms complexes with both cyanide and ammonia
(Moore and Ramamoorthy 1984), both of which were in higher than
normal concentration in the effluent during this period.

1,7.1, Sources of Copper

Copper is a component of the ore and is added in the mill process
in the form of copper sulphate. Addition is closely monitored as
excess addition adversely affects processing. Copper entered
the impoundment with the tailings (X9) and was not found in
appreciable concentrations in the other inflows to the system
(X23, X22, XD).

As can be seen in Figure 16, copper concentration in the tailings
line was erratic, with particularly high 1levels occurring in
August and October, Concentrations were elevated at X5 in
September and December, lag periods of one month and two months
respectively.

1,7,2, Impact on Rose Creek

Copper levels in Rose Creek are plotted on Figure 17. Copper at
the downstream site (X14) reached a peak of 0.07 when the

effluent levels were high, Copper at this concentration may be
acutely toxic to Jjuveniles or have sublethal effects (Anon,
1987) . Toxicity is highly variable and depends in part on the

form copper is in, with ionic copper and copper hydroxides being
more toxic than complex forms (Moore and Ramamoorthy 1984) .,

1.8, pH
pH was well above the effluent standard minimum of 6.5 units,

All inputs to the system, including the seep from the dumps (X23)
were within the neutral range, :

1,9, Suspended Solids

Suspended solids levels were consistently very 1low and well
within effluent standards. The system’s 1long reszidence time
ensures adequate settling of =solids. As Figure 18 illustrates,
elevated levels of suspended solids occurred in Rose Creek
upstream and downstream of the minesite during freshet. The
creek was clear at other times,
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FIGURE 17
COPPER AT ROSE CREEK SITES

CURRAGH RESOURCES INC. — FARO MINESITE
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FIGURE 18

SUSPENDED SOLIDS AT ROSE CREEK SITES
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1.10. Flow Data

—_—

Weekly readings of the weirs at sites X11, X12 and X13 (seeps
from the Cross Valley Dam) indicate that seepage did not alter
greatly over the year (Figure 19). There was some increase in
all flows during the summer. The seeps from the north and south

toes of the dam form a small proportion of the total seepage flow
from the face of the dam.

Readings of weirs at inflows to the tailings impoundment (Figure
20) indicate that the greatest proportion of water flow to the
system is from the tailings 1line. This inflow is a fairly

constant amount--the two low points on the graph were during mill
shutdowns,

25



FIGURE 19

SEEPS FROM CROSS VALLEY DAM

CURRAGH RESOURCES INC. — FARO MINESITE
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2, GROUNDWATER DATA

Results from groundwater monitoring are presented in Appendix 3.
Licence gite locations are shown on Figure 1 and the locations of
all groundwater sites are described in Appendix 3.

2.1, Interpretation of Regults

The samples indicated that the tailings system had little impact
on downstream groundwater quality in 1987, Water quality
remained good in groundwater samples downstream of the Cross
Valley Dam (X16, X17 and X18), with very low levels of metals and
with pH values above 7. Groundwater quality at these downstreanm
sites was similar to that at the upstream site (P81-09), with the
exception of slightly higher sulphate and sodium levels in some
samples. The upstream site is located at the 1location
recommended for background groundwater quality by Steffen,
Robertson and Kirsten (1986) .

Copper, zinc and lead levels were low and pH remained neutral to
basic in the samples from the Cross Valley and Intermediate Dams.
Manganese, sodium and sulphate were slightly elevated in several
of these samples.

Water quality at X21, by the old tailings decant, was comparable
to previous years, with =slightly lowered pPH and elevated
sulphate, zinc and manganese 1in the 10 m sample only. Most of
the samples from wells in the original and old tailings ponds
were neutral to basic with fairly low sulphates and metals,.
Water from K10, 1located in the north part of the original
tailings pond, was slightly acidic (pH 6.23) and somewhat high in
zinc (2.34 mg/L). The zinc concentration was comparable to the
last sample taken (October, 1984, zinc 1,60 mg/L and no pH
recorded) .

Low pH values and high metals were found in two samples from the
old tailings area (sites 83-3A and 83-3B), Samples have never
been taken from these two piezometers as they have been dry
during all sampling attempts since their installation. Mr. Newt
Cornish, who conducted the fall sampling, noted that inflow to
these wells was extremely slow and that samples were taken from
stagnant water in the wells, He recommended that the holes be
evacuated in the spring of 1988 and samples be taken after a
period of about two days to determine if the low pH, high metal
content water in these samples was representative of tailings
pore water quality at this location or if the results were an
artifact of sampling,
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3, BIOASSAYS
Bioasgsay lab reports are presented in Appendix 2 and summarized
in Table 2. The lethal concentration was greater than 100 % for
all tests. There were no mortalities at X13, the seepage from
the Cross Valley Dam, Mortalities occurred during the last 48
hours in samples from the final decant (X5) for May, September
and December, '

TABLE 2: BIOASSAY RESULTS, XS AND X13
XS = Decant of Cross Valley Dam
X13 = Combined seepage from Cross Valley Dam

There were no mortalities in the controls.

Month Site 96-h LCSO0 Percent Survival

24 h 48 h 72 h S6 h
May XS >100 % 100 100 60 60
May X13 >100 % 100 100 100 100
August ) & >100 % 100 100 100 100
Sept. X5 >100 % 100 100 100 80
Sept. X13 >100 % 100 100 100 100
November X5 >100 % 100 100 100 100
December XS >100 % 100 100 80 70
Decenmber X13 >100 % 100 100 100 100
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4, PHYSICAL MONITORING

The report entitled 1987 Performance Monitoring of the Down
Valley Tailings Project, Faro Mine, prepared by Golder

Associates, is included as Appendix 4.

This report presents and reviews data from the 1987 monitoring
program (Schedule C of the Water Licence). The data reviewed
include observations of thermistors, glope indicators and
piezometers on the dams, flow data and observations from a field
inspection by Mr. H.G. Gilchrist of Golder Associates.

The report’s conclusion is that ''the elements of construction
constituting the tailings storage and creek diversion systems are
continuing to perform well." The report contains recommendations
for further monitoring,
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S, FRESH WATER CONSUMPTION
5,1, Water Supply

Curragh Resocurces Inc. extracts fresh water from Rose Creek
primarily to supply the requirements of its mill. Within the
mill, the principal water uses are for grinding (33%), flotation
(42%) , and dewatering.

Curragh’s fresh water supply system consists of:

- a water supply reservoir;

— a pumphouse pond and pumphouse;

- groundwater wells (PW3, PW4, PWS, PW6);

- North Fork Rose Creek Diversion;

- a supply line from the pumphouse to the mill.

The main source of fresh water 1is the water supply reservoir
which supplies water to the pumphouse year round. Reservoir
capacity is recharged from ' the Rose Creek drainage basin, The
water supply 1is supplemented by the North Fork of Rose Creek and
groundwater wells adjacent +to the pumphouse ponds during the
winter months,

$,2. Consunmption

The average daily water requirement for the mill during 1987 was
29,900 m™/day.

Table 2 summarizes the fresh water consumption for the mill
during 1987, The total water consumption is composed of a fixed
component associated with the daily milling operation and a
variable component dependent upon the volume of ore feed to the
mill, Hence, the relationship between ore feed and total water
consumption is not linear.

Water licence limit: 15,380,000 m™/year,

Water consumption is based on mill water meter readings. Meter
calibration has indicated that readings are 10 to 15 percent
lower than actual usage, Based on these results, actual water
usage is estimated at 12,400,000 m/year, Water consumption at
the Faro mine site, however, was within both the daily and yearly
water licence limits for 1987,
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TABLE 2: MILL FRESH WATER CONSUMPTION

————— . e T S — —— ——— ————— " T — —— —_ — S > vt - —— ——— ———— ——— ————— Y ———y — t— ————— — " S — —

MONTH ORE FEED WATER CONSUMPTION
TONNES (m3)
JANUARY 380,756 910,007
FEBRUARY 331,666 929,600
MARCH 331,788 857,060
APRIL 411,698 873,240
MAY 347,698 830,145
JUNE 374,084 890,400
JULY 373,133 984,720
AUGUST 417,419 973,770
SEPTEMBER 371,419 896,840
OCTOBER 386,452 912,430
NOVEMBER 399,345 870,770
DECEMBER 414,062 871,530
TOTAL 4,539,394 10,800,512

—— o — ——— - — Y — o —" —— — —— o —_——— " . T " - ———— - ——————— —— —  —— oD T S e S ——— - T S o, > — —

6 PIT WATER PUMPING

During 1987, pit water pumping was carried out from Zone I, 1I,
and JB Phase (Zone III).

Zone I: Zone I was pumped from January to March wusing a 300
h.p. turbine pump and a 140 h.p. Flygt pump. The
' average discharge was 0.114 m3/sec.

Zone I was pumped from April to December using two 140
h.p. Flygt pumps. The average discharge varied between
0.051 m3/sec. to 0.063 m3/sec.

Zone II: Zone II was pumped from mid-June to the end of October
: using a 140 h.p. Flygt pump. The average discharge was
0.032 m3/sec.

JB Phase: The JB phase of Zone III was pumped from September to
December using a 140 h.p. Flygt pump. The average
discharge was 0.035 m3/sec,

Total pit water pumped for the year was 2,991,250 cubic meters,
All pit water discharge was pumped to the tailings impoundment.

As in previous years, water was pumped to the Faro Creek
diversion channel from the Faro Valley about 1 km downstream of
the point of diversion. The discharge was about 0.010 m¥/sec.
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However, it was discovered in October that the zinc concentration
in this water was above the effluent standard and pumping was
immediately stopped.

7, TAILINGS FACILITY WATER BALANCE

1. Water Discharged to the Tailings Pond. VOLUME (m3)
- Pit water pumped to tailings 2,991,300

.= Mill tailings discharge 10,800,500
TOTAL 13,791,800°

2. Water Discharged from Tailings Pond. VOLUME (m3)
— Decant at Cross Valley Dam (X5) 10,512,000

- Cross Valley Dam Seepage (X13) 3,416,400
TOTAL ' 13,928,400

8, MAINTENANCE WORK

8,1, Jobs Completed

. The diversion canal backslope thermal liner was graded to

reduce erosion.

. A detailed profile survey was completed for the diversion

canal dyke,

. A crack survey strip chart was completed for the fresh water

supply dam,

. The surface of the fresh water supply dam was graded to

obliterate the surface cracks.

Faro Creek diversion ditch:
Installed two weirs in diversion channel
- weir (1) opposite Faro Valley waste plug
- weir (2) placed 900 m downstream of weir (1) immediately
prior to steepening of diversion channel gradient.
Flows were measured at these weirs in September to determine
seepage losses through diversion ditch dyke walls. Recorded
flows were:

Faro Creek 0.163 m™/s
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Weir (1) 0.106 m>/s8
Weir (2) 0.081 m>/s
Channel loszses were:
Faro Creek to Weir (1) 0.057 m™/2
Weir (1) to Weir (2) 0.025 m=/s

The Faro diversion channel was 1lined with TG-Blue liner
beginning below Weir (1) and extending 670 m downstream,
The liner was installed ¢to reduce ditch flow losses and to
reduce inflows into Zone 2.

. An interceptor ditch was installed on bench 4030 of the main

pit to direct water to the JB pit. The ditch was installed
to reduce inflowes into Zone 2 and was an abandonment measure
for Zone 2.

. A horizontal drain was constructed at the 3800 foot

elevation to channel overflow from the Zone 2 pit =zo that it
may be collected and pumped to the tailings impoundment,

Upper Intermediate Dam (Plug Dam)

During the winter, the tailings discharge spreads out across
the intermediate disposal area, The flow 1is slow and
considerable glaciation of the slurry occurs. Much of this
glaciated material does not melt during the warm period and
this results in a loss of volume for solids disposal.

A dam was constructed in the wupper portion of the
intermediate disposal area 8o that the tailings could be
deposited in deep water and thus avoid glaciation. The dam
construction had to be suspended due to heavy frost in late
fall, but construction will resume again in the summer in
order to complete the southern portion of the dam. It is
anticipated that this dam will be adequate for winter
disposal for at least four years.

Construction period: Late September to early November
Construction method: Glacial till (sizing less than 0.3 m).

Built by pushing till in place with a
cat.

8.2, Jobs to be Done During 1988

.- Armour the erosion channel 50 meters downstream from Goodall

Creek,

. Excavate the granular cap in the ramp opposite the rock

quarry, backfill and compact, restore bedding and finally
replace rip rap.
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3. Clean out the channel bottom pilot channel.

4., Excavate cracks occuring at sta. 2 + 100, backfill and
compact with glacial till, dress with gravel.

S. Redirect the Rose Creek flow to go via the 1974 route just
upstream of the automatic gauging station.

6. Install a flexible apron downstream of the weirs opposite
the Cross Valley Dam,

7. Read the piezometers located on the Fresh Water Dam monthly,
Nov./87 - Apr./88, and bi-weekly as the reservoir fills,

8. Maintain a record of the water level during winter for the
Fresh Water Dam.

9. Read thermistors located on the Fresh Water Dam,
10. Record qualitative observations on the Fresh Water Dam.

11. The source of high zinc loading to the pumping pond in the
Faro Valley will be isolated. The indicated source is
seepage through a section of the Faro Creek diversion dyke
which probably has a high sulphide composition. The material
will be excavated and replaced with till 8o that pumping can
resume,

12. An interceptor ditch will be installed immediately north to
north-east of Zone 2 to further reduce drainage into this
area.

9. WASTE ROCK DEPOSITION

Plans for the development of the Zone Two Dump were developed in
house and reviewed by Dr. Andrew Robertson of Steffen, Robertson
and Kirsten Engineering Consultants Ltd., Vancouver. Plans were
submitted to the Yukon Territory Water Board in December and
approval to proceed with the dump was received early in 1988,

Waste rock was separated by its acid generating potential, Most
of the non acid generating calc-silicate rock was used in the
construction of the North Fork causeway. Potentially acid
generating high sulphide waste was placed in a separate sulphide
waste dump,.
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10, ASSESSMENT OF ELIMINATION OF 1000 IGPM SPILL

P.A., Harder and Associates of Victoria, B.C. prepared an
asseasment of the impact of winter flow reduction on the Rose
Creek diversion canal (Appendix S). This assesament is based on
observations and fish sampling data collected during May, 1987.
Mr. Harder concludes that the proposed flow reductions would have
a relatively minor impact to existing fish production
capabilities in Rose Creek between the effluent discharge and the
North Fork haul road crossing. This is due to the relatively low
over-winter habitat capabilities in the affected portion of Rose
Creek,

11, WATER CONSERVATION

1 eduction in Prima Con tio

In August, low-volume sprays were installed on two of three of
the zinc cleaner banks for an estimated reduction of 350 USGPM.
These s8prays use only about one-third of the water of a
conventional spray for the same froth breaking action. Applied
on all cleaner and rougher banks, a further 600 USGPM might be
gaved,

11.2 nternal Re-cycle

Two 10 X 8 SRL pumps were used for recycle of lead and zinc
clarifier overflows from February to May. The system was shut
down after periods of high suspended g8o0lids in the clarifier
overflows, Once levels above 300 ppm were reached, severe
prlugging problema occurred in the sprays of the zinc cleaning
circuit, where the water was used. The water was also used on
the =zinc rougher and first cleaner sprays with equal lack of
success,

We are now (February, 1988) making the modifications to exchange
the duties of the thickeners and the clarifiers to produce a
clean overflow suitable for recycle. The original (ex—1982)
flowsheet routed the 1large thickener overflows to the smaller
clarifiers in addition to the filtrate and the scrubber water.
This resulted in a much higher rising current velocity in the
clarifier than the thickener, the opposite of normal practice,
After the =zinc system exchange is complete, results will be
evaluated before lead system modifications proceed, The existing
lead and 2zinc thickener overflow pumps would then be available
for recycle duty.

Recycle of crusher scrubber water to #1 and #2 cyclone feed pumps
wag practised for the first =six months of 1987, but was
discontinued with the freshet and has since not been operable.
New pumps will be required to reactivate this system, together
with some kind of metering arrangement for the addition rate.
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Recovery of vacuum pump seal water and compressor cooling water
wag attempted by piping to the clarifier overflow recycle pumps.
Although this water was c¢lean, it became contaminated with
overflow solids and these flows were eventually redirected to
their original 1locations. Recycle will be attempted again when
the clarifier overflow clarity problem has been solved.

11.3. External Re-cycle

Laboratory testwork to assess the effect of external (and
internal) recycle on metallurgical results from bench scale tests
has been postponed due to shortage of metallurgical and assay lad
personnel.,

Testwork to establish the effect of recycle on Vangorda
metallurgy has been included in the test program being conducted
at Lakefield Research. This will be conducted near the end of
the program (July/August), when base-level metallurgical test
conditions have been properly established,



38
REFERENCES

Anon., 1987. Canadian Water Quality Guidelines. Task Force on

Water Quality Guidelines of the Canadian Council of Resource
and Environment Ministers. Environment Canada, Ottawa.

Moore, J.W. and S. Ramamoorthy 1984. eav Metals in Natural
Waters Springer-Verlag, New York.

Sawyer, C.,N., and P.L, McCarty 1978. Chemistry for Environmental

Engineering. Third Edition,. McGraw-Hill Book Company,
Toronto.
Steffen Robertson and Kirsten, 1986, Studies Related to

Evaluation of Alternative Abandonment Measures for Faro Mine
Tailings.



APPENDIX 1

SURFACE WATER QUALITY MONITORING PROGRAM RESULTS



List of Surface Water Sample Site Numbers and Locations

Site Description in Water Licence

X1 0ld tailings pond decant

X2 North Fork of Rose Creek at road bridge

X3 Rose Creek at freshwater pumphouse

X4 Intermediate dam decant

XS Cross Valley dam decant

X6 Seepage from old tailings pond

X7 Minewater at road crossing

X8 At diversion of Faro Creek

X9 Tailings line to tailings pond

X10 Rose Creek diversion canal below wiers (sic)

X11 Seepage from north toe of Cross Valley dam

X12 Seepage from south toe of Cross Valley dam

X13 Combined seepage flows downstream from the culvert and
upstream of the confluence with the decant

X14 Rose Creek after mixing downstream of the diversion
canal confluence

X22 Discharge from Faro #1 Pit pumps

X23 Pit drainage at toe of waste dumps



Notes on the treatment of data:

The detection 1limit for most parameters is taken as 0.01 mg/L
for surface water quality data, as results for most parameters
have been rounded to two significant figures,

Sample results reported as 1less than the detection limit were
entered in the database as 00,0049 and thus appear as 0,00,

Statistics were calculated using 0.0049 (half way between the
detection limit and zero).

Parameters with results reported as a different number of
significant figures were treated in a similar manner.

Blanks represent missing data.
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FOR SAHFLE SITE:

DATE CF RAMMONIA CYANIDE

SAMPLE

07-Jan-87
15-Jan-87
20-Jan-87
28-Jan-87

MLY AVG

03-Feb—87
10-FPeb-87
17-Feb-87
24-Feb-87

MLY AVG

03-Mar-87
10-Mar-87
17-Mar-87
24-Mar-87

MLY AVG

01-Apr-87
07-Rpr-87
14-Bpr-87
20-2pr-87
28-Apr-87

MLY AVG

05-May-87
12-May-87
19-May-87
26-May-87

MLY AVG

04-Jun-87
11-Jun-87
16-Jun-87
26-Jun-87
30-Jun-87

MLY AVG
06-Jul-87
13-Jul-87
20-Jul-87
28-Jul-87

MLY AVG

(mg/1)

0.32

0.32

9.53
3.92
6.35
3.26

5.77

1.40
175

2.10

1.75

3.03
1.63
1.78
4.9

2.85

(mg/1)

0.00

0.00

0.01
0.06
0.03
0.05

0.04
0.10

0.15
0.11

0.12

0.06
0.07
0.05
0.10

0.07

FARO MINESTTE
LEAD  ZINC
(mg/1) (mg/1)
0.19  56.80
0.19 56.80
0.37  3%.25
10.62  14.55
0.05  3.04
0.65  68.30
292 30.54
6.03  37.00
0.11  44.20
0.13  60.30
2.0 47.17
0.3  38.50
0.36 1.00
0.46  30.00
0.17  29.30
0.34  24.70

COPPER MANGANESE SODIUM

(mg/1)

Q.01

0.01

0.02
0.02
0.00
0.03

0.02
0.01

0.01
0.00

0.01

0.02
0.06
0.04
0.01

0.03

(mg/1)

8.75

8.75

7.05
14.00
9.40
8.05

8.33

6.85
1.06
6.10
6.74

5.19

(mg/1)

30.0

19.4
21.5

0.2
17.6

14.7
47.0

30.0
30.0

35.7

28.0
124.0
34.5
28.5

53.8

SULFATE
(mg/1)

1205

1205

859
1120
963
%62
853

1020
1093

97

810

767

pH SUSPSOLIDS FLOWRATE TEMP

7.11

7.11

6.66
6.45
6.94
6.63

6.67
6.75

6.48
6.65

6.63

6.95
7.82
7.24
7.05

1.2

(mg/1)

S7

57

1610
1410
2370

1515

119
117

52
187

¥ &

(1/s) (deg C)

1

w [T T B =

o

12
12
10
14

12
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POR SAMZLE SITE:

DATE ©OF AMMONIA CYANIDE

SAMPLE

04-2ug-87
11-Rug-87
18-Rug-87
25-Rug-87

MLY AVG

01-Sep-87
08-Sep-87
15-Sep-87
21-Sep-87

MLY AVG

02-0ct-87
06-0ct-87
13-0ct-87
20-0ct-87
27-0ct-87

MLY AVG
03-Kov-87
10-Kov-87

17-Nov-87
24-Hov-87

# ANALYSES

YEAR AVG
YEAR STD DEV

(mg/1)

1.87
3.81
1.99
1.33

2.5

0.91
1.48
0.99
1.50

1.22

2.86
3.04
5.84
1.9
1.51

3.04

2.04

4.16
2.97
1.15
2.58
5.04
2.60
3.05
3.13

3.46

0.32
9.53

2.83
1.85

(mg/1)

0.07
0.19
0.15

0.15

0.14

0.04
0.03
0.06
0.0%

0.06

0.07
0.07
1.82
0.15
0.07

0.44
0.18
0.11
0.08
0.31
0.17
0.04
0.01
0.09
0.02

0.04

0.00
1.82

0.14
0.30

FARO MINESITE
LEAD ZINC
(mg/1) (mg/1)
0.20 32.10
0.13  29.30
0.11  43.80
0.10  S58.00
0.15  40.80
0.05 58.70
0.04 39.40
0.06 51.00
0.03  38.40
0.06  46.88
0.00 31.00
0.00  35.60
0.02  52.20
0.00  55.80
0.00  45.00
0.01  43.92
0.03  74.50
0.03  61.00
0.00 67.80
0.02  35.60
0.01 59.73
0.00  24.00
0.16  38.40
0.90  28.50
0.10 22.00
0.25 28.23
0.00 1.00
10.62  74.50
33 33
0.65  40.65
2.04  17.34

COPPER MANGANESE SODIUM

(mg/2)

0.00
0.40
0.00
0.00

0.10

0.00
0.00
0.00
0.00

0.00

0.02
0.01
0.09
0.00
0.01

0.03
0.00
0.00
0.00
0.01
0.01
0.00
0.10
0.07
0.01

0.05

0.00
0.40

0.03
0.07

(ma/1)

6.50
6.90
8.00
9.12

7.63
9.67
7.81
8.80
7.00

8.32

7.40

6.60
9.52
9.20
7.50

8.04
8.93
6.92
7.02
7.3
7.53
4.39
7.20
5.34
5.13

5.52

1.06
14.00

7.55
2.06

(mg/1)

26.5
32,0
37.0
37.0

33.1

36.0
36.0
.0
36.0

35.5

36.5
32.5
43.5
36.0
35.0

36.7
37.0
21.0
2.0
19.0
27.0
18.5
14.0
10.1
18.4

15.3

0.2
124.0

31.4
19.0

SULFATE
(ma/1)
887
874
1165
1305
1058
1370
1035
1225
930

1140

1065

1440
936

766
1033
536
962

891
910

1440

212

pH SUSPSOLIDS FLOWRATE TEMP

6.34
6.86
6.80
6.50

6.75

6.7
6.79
6.55
6.86

6.74

7.03
6.88
7.30
7.08
7.01

7.06
6.87
6.55
6.78
6.50
6.68
6.7
6.48
6.9
6.62

6.70

6.45
7.82

6.83
0.28

(mg/1)

43
64
38
41

47

95
3
72
67

67

790
1520
4480
3350
8420

3712
2970
70

4330

2023

89
6150
n

td

1296

(1/s) (deg C)
10

6

8

8

8

39.7 4
50.0 5
55.0 7
70.5 0
53.8 4
18.7 2
71.5 1
48.5 (i}
55.8 2
42.2 3
48.5 2
71.5 0
55.8 1
0

8.5 1
47.3 1
1

0

2

0

1

8.5 ()}
77.5 14
12 33
50.0 4
20.2 4
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FOR S:FLE STIE: X2

DATZ OF AMMONIA CYANIDE

SAMELE  (mg/l)
15-Jan-87 0.00
10-Feb-87 0.20
10-Mar-87 0.40
07-2pr-87 0.30
12-May-87 0.14
11-Jun-87 0.06
13-Jul-87 0.40
11-Bug-87 0.32
08-Sep-87 0.15
06-0ct-87 0.04
10-Nov-87 0.14
09-Dec-87 0.17

T e

# ANALYSES

YEAR AVG
YEAR STD DEV

0.00
0.40

12

0.19
0.13

(mg/1)

0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00

1

0.00
0.00

FARO MINESITE
LEAD  ZINC
(ng/1)  (mg/1)
0.00  0.05
0.00  0.07
0.02  0.06
0.00 0.04
0.17 .10
0.00 0.03
0.04 0.03
0.01 0.05
0.00  0.04
0.00  0.06
0.00  0.05
0.00  0.02
0.00  0.02
0.17 0.10
12 12
0.02  0.05
0.05  0.02

COPPER MANGANESE SODIUM  SULFATE

(mg/1)

0.00
0.00
0.00
0.00
0.03
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.03

12

0.01
0.01

(mg/1)

0.11
0.13
0.14
0.12
0.11
0.02
0.03
0.03
0.03
0.07
0.07
0.05

0.02
0.14

12

0.08
0.04

(mg/1)

3.1
3.3
3.6
3.4
0.8
1.1
1.7
1.7
2.3
2.5
2.6
2.8

0.8
3.6

12

2.4
0.9

(mg/1)

1
15
16
18
3
5
8
11
7
14
15
19

19

12

pH SUSPSOLIDS FLOWRATE  TEMP

7.54
7.20
1.2
7.41
7.31
7.79
7.83
1.74
7.61
8.21
7.39
7.30

7.20
8.21

7.55
0.29

(mg/1)

OO N

108

O O W N

108

1
29

(1/s) (deg C)
2
1
1
1
0
3
7
5
1
492.0 0
1
1
492.0 0
492.0 7
1 12
492.0 2
0.0 2




FOR SAMPLE SITE: X3

DATE OF AMMONIA CYANIDE

SAMPLE  (mg/1)
15-Jan-87 0.00
10-Feb-87 0.00
10-Mar-87 0.01
07-Apr-87 0.38
12-May-87 0.17
11-Jun-87 0.18
13-Jul-87 0.25
11-Aug-87 0.52
08-Sep-87 0.28
06-0Oct-87 0.03
10-Nov-87 0.16
09-Dec-87 0.00

YEARLY SUMMARY:

YEAR MIN 0.00
YEAR MAX 0.52
# ANALYSES 12
YEAR AVG 0.17
YEAR STD DEV 0.16

(mg/1)

0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00

11

0.00
0.00

FARO MINESITE

LEAD ZINC
(mg/1) (mg/1)
0.00 0.01
0.00 0.71
0.00 0.32
0.00 0.28
0.01 0.16
0.00 0.01
0.02 0.00
0.01 0.00
0.00 0.00
0.00 0.01
0.00 0.02
0.01 0.02
0.00 0.00
0.02 0.71
12 12
0.01 0.13
0.00 0.21

COPPER MANGANESE SODIUM  SULFATE

(mg/1)

0.00
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.01

12

0.01
0.00

(mg/1)

0.04
0.54
0.12
0.10
0.03
0.01
0.01
0.02
0.01
0.02
0.03
0.03

0.01
0.54

12

0.08
0.14

(mg/1)

2.0
2.1
2.0
2.4
2.0
0.1
1.2
1.1
1.9
2.0
2.3
2.4

0.1
2.4

12

1.8
0.6

(mg/1)

12
3

N

12

14

pH SUSPSCLIDS FLOWRATE TEMP

1.73
7.5
7.58
7.68
7.51
7.84
7.93
7.82
7.68
8.18
7.78
7.39

1.5
8.18

12

7.70
0.24

(mg/1)

- O N =NSNNO =00

(1/s) (deg C)
2

2

2

3

2

5

10

8

4

473.0 2
1

0

473.0 0
473.6 10
1 12
473.0 3
0.0 3
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POR SANPLE SITE:

DATE OF AMMONIR CYANIDE

SAMPLE

07-Jan-87
15-3an-87
20-Jan-87
28-Jan-87

MLY AV

03-Feb-87
10-Feb-87
17-Feb-87
24-Feb-87

MLY AV

03-%ar-87
10-Kar-87
17 -¥ar-87
24-Ear-87

MLY AVS

01-2pr-87
07-2pr-87
14-2or-87
20-2pr-87
28-kpr-87

MLY VG

05-Kay-87
12-%ay-87
19-%=y-87
26-E3y-87

MLY AVS

04-Jun-87
11-Jun-87
16-Jun-87
26~Jun-87
30-Jun-87

MLY AV
06-Jul-87
13-Jal-87
20~3ul-87
28-Jul-87

MLY AVG

(mg/1)

0.25
0.74
0.60
0.%0

0.62

0.68
0.66
0.47
0.59

0.60

0.53
0.63
0.89
0.81

0.72

0.82
0.92
0.77
1.25
1.45

1.04
1.17
1.09
0.88
1.16

1.08

0.95

0.90
0.87
1.28
1.43

1.09
1.20

1.10
1.13

1.3 .

1.17

(mg/1)

0.00
0.03
0.02
0.01

0.02

0.00
0.00
0.01
0.00

0.01

0.00
0.02
0.02
0.25

0.07

0.01
0.00
0.00
0.04

0.01

0.05
0.01
0.02
0.04
0.04

0.03
0.03
0.05
0.05
0.01

0.04

FARO MINESTTE

LEAD ZINC COPPER MANGANESE SODIUM  SULFATE

(mg/1)

0.22
0.00
0.09
0.18

0.12

0.09
0.03
0.06
0.06

0.06

0.10
0.11
0.02
0.06

0.07

0.04
0.10
0.10
0.07
- 0.08

0.08

0.02
0.07
0.15
0.17

0.10

0.10
0.12
0.15
0.26
0.3

0.17
0.2
0.33
0.30
0.32

0.31

(mg/1)

0.16
0.16
0.2
0.18

0.18

0.08
0.08
0.08
0.12

0.09

0.16
0.19
0.04
0.04

0.11

0.05
0.05
0.08
0.07
0.06

0.06

0.04
0.08
0.65
0.28

0.26

0.07
0.10
0.11
0.15
0.19

0.12
0.18
0.30
0.3
0.16

0.22

(vg/1)

. 0.01

0.02
0.00
0.01

0.01

0.05
0.03
0.00
0.00

0.02

0.01
0.06
0.14
0.12

0.08

0.07
0.01
0.02
0.00
0.00

0.02

0.00
0.01
0.01
0.01

0.01

0.00
0.00
0.01
0.01
0.00

0.01
0.00
0.01
0.01
0.03

0.01

(mg/1)

0.78
0.97
1.06
1.13

0.93

0.81
0.65
0.80
1.01

0.82

1.06
1.08
0.67
0.34

0.79

0.46
0.50
0.58
0.64
0.58

0.55

0.57
0.81
0.11
1.05

0.64

1.04
1.00
0.%0
1.01
1.80

1.15
1.17
1.4
1.25
1.31

1.28

(mg/1)

70.0
70.0
71.0
70.0

70.3

74.0
80.0
79.0
82.0

78.8

77.5
8s.0
87.0
99.0

88.1

103.0
99.0
98.0
98.0

100.0

99.6

99.0
93.0
84.0
85.0

90.3

82.0
85.0
89.0
92.0
92.0

88.0
83.0
88.0
100.0
106.0

95.8

(mg/1)
682
631
593
667
643

995
1010

906
83
934
738
783
914
1045
872
1)
716
617

712

459
419
417

98§

358

367

326

£&8

pH SUSPSOLIDS FLOWRATE TEMP

8.27
8.15
8.06
8.30

8.20

8.56
8.38
8.32
7.93

8.30

7.97
8.35
8.61
8.67

8.40

8.35
8.28
8.15
7.99
8.14

8.18

8.17
7.89
7.85
7.95

7.97

7.93
7.97
7.95
7.87
7.87

7.92
7.95
7.74
8.88
7.83

8.10

(=g/1)

oo NN wN e N B

W =N

(3 I Y. -] NNV N o

o

16

N W N

(1/s) (deg C)
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10
10
10
1
14

11
14
14
15
15

15



POR SAMPLE SITE:

' FARO MINESITE

DATE OF AMMONIA CYANIDE

SAMPLE  (mg/1)
04-Rug-87 1.1
11-Aug-87 1.4
18-Rug-87 1.55
25-Rug-87 1.27

MLY AVG 1.32
01-Sep-87 1.3
08-Sep~87 1.19
15-Sep-87 1.07
21~Sep-87 1.02

MLY AVG 1.13
02-0ct-87 1.16
06-0ct-87 0.93
13-0ct-87 0.84
20~Oct-87 1.04
271-0ct-87 1.13

MLY AVG 1.02
03~Kov-87 0.86
10-Fov-87 0.97
17-%ov-87 0.83
24-Nov-87 0.86

MLY AVG 0.90
01-Dec-87 0.97
09-Dec-87 1.02
15-Dec-87 1.31
23-Dec-87 1.30
30-Dec-87 1.29

MLY AVG 1.18

YEARLY SUMMARY:

YEAR MIN 0.5

YEAR HAX 1.55

# ANALYSES 52

YEAR AVG 0.99

YEAR STD DEV 0.27

(mg/1)

0.09

0.06 -

0.27
0.13

0.14

0.06
0.01
0.07
0.09

0.06

0.18
0.25
0.22
0.11
0.05

0.16

0.06
0.06
0.04
0.3
0.10
0.30
0.15
0.19
0.11
0.11

0.17

0.00
0.30

47

0.08
0.08

LEAD
(mg/1)

0.35
0.28
0.28
0.25

0.29

0.20
0.17
0.3
0.17

0.19

0.34
0.18
0.16
0.21
0.18

0.21

0.19
0.11
0.3
0.24

0.19
0.27
0.15
0.25
0.15
0.25

0.21

0.00
0.35

52

0.17
0.09

ZINC
(mg/1)

0.3
0.22
0.31
0.31

0.27

0.2
0.14
0.27
0.17

0.20

0.70
0.31
0.30
0.27
0.31

0.38

0.17
0.18
0.24
0.8

0.2
0.25
0.27
0.79
0.17
0.18

0.33

0.04
0.79

52

0.20
0.15

COPPER MANGANESE SODIUM

(mg/2)

0.06
0.09
0.19
0.13

0.12

0.09
0.13
0.08
0.10

0.10

0.23
0.15
0.13
0.07
0.02

0.12

0.02
0.01
0.04
0.30

0.09
0.34
0.27
0.30
0.08
0.08

0.21

0.00
0.34

52

0.07
0.09

(mg/1)

1.33
1.32
1.19
1.13

1.4

1.02
0.86
1.01
0.98

0.97

1.25
1.24
1.45
1.47
1.43

1.37

1.13
1.41
1.48
1.68

1.3
1.66
1.88
2.03
1.42
1.2

1.66

o.11
2.03

52

1.08
0.33

(mg/1)

106.0
109.0
124.0
122.0

1153

120.0
153.0
143.0
135.0

137.8

120.0
110.0
100.0
95.0
88.0

102.6

84.0
89.0
$0.0
94.0

89.3
86.0
71.0
51.8
78.0
113.0

81.2

51.8
153.0

52

94.6
18.9

SULFATE
(mg/1)

361
355
n
385
369
398
439

430
418

31
397

34
365
490

401
405

326
1045

52

520

pH SUSPSOLIDS FLOWRATE TEMP

7.89
7.92
7.91
7.97

7.92

8.06
7.93
7.98
8.04

8.00

7.92
7.81
8.2
8.18
8.10

8.04

8.20
8.43
1.37
8.02

8.01
7.92
7.84
7.89
8.24
8.01
7.98
7.37
8.88

52

8.08
0.26

(mg/1)

"8
3
18

&SR

17

17
10

12

14

[

52

(1/z) (deg )

& BREBR

Y]

N o

- [ 'S - W W o

-t b e et s

15
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FOR SAMPLE SITE:

DATE OF AMMONIA CYANIDE

SAMPLE

07-Jan-87
15-Jan-87
20-Jan-87

28-Jan-87

MLY AVG

03-Feb-87
10-Feb-87
17-Feb-87
24-Feb-87

MLY AVG

03-Mar-87
10-Mar-87
17-Mar-87
24-Mar-87

MLY AVG

01-Apr-87
07-Apr-87
14-2pr-87
20-Apr-87
28-Rpr-87

MLY AVG

05-May-87
12-May-87
19-May-87
26-May-87

MLY AVG

04-Jun-87
11-Jun-87
16-Jun-87
26-Jun-87
30-Jun-87

MLY AVG
06-Jul-87
13-Jul-87
20-Jul-87
28-Jul-87

MLY AVG

(wg/1)

0.86
0.76
0.55
0.67

0.1

0.38
0.45
0.26
0.60

0.42

0.00
0.51
0.55
0.80

0.47

0.62
0.80
1.00
0.76
1.30

0.90

1.06

0.94
0.80
0.84

0.%1

0.90
0.93
0.78
1.09
0.86

0.91
0.92
1.01
1.03
1.32

1.07

(mg/1)

0.60
0.10
0.02
0.02

0.04

0.00
0.60
0.01
0.00

0.01

0.00
0.15
0.12
0.16

0.11

0.05
0.04
0.03
0.02

0.04

0.03
0.03
0.03
0.05
0.03

0.03
0.02
0.00
0.02
0.01

0.01

FARO NINESITE
LEAD ZINC
(ma/1) (mg/1)
0.06 0.11
0.06 0.10
0.07 0.12
0.04 0.10
0.06 0.11
0.05 0.09
0.04 0.09
0.04 0.09
0.04 0.09
0.04 0.09
0.07 0.10
0.05 0.11
0.05 0.10
0.05 0.09
0.06 0.10
0.05 0.09
0.05 0.08
0.05 0.08
.06 0.07
0.05 0.07
0.05 0.08
0.04 0.06
0.03 0.06
0.04 0.07
0.05 0.19
0.04 0.10
0.06 0.16
0.06 0.16
0.06 0.15
0.09 0.14
0.11 0.13
0.08 0.15
0.10 0.12
0.14 0.13
0.18 0.15
0.20 0.16
0.16 0.14

COPPER MANGANESE SODIUM

(mg/1)

0.03
0.04
0.04
0.02

0.03

0.02
0.04
0.03
0.03

0.03

0.03
0.02
0.04
0.06

0.04

0.07
0.06
0.06
0.04
0.03

0.05

0.02
0.01
0.01
0.01

0.01

0.00
0.01
0.01
0.00
0.01

0.01
0.01
0.01
0.01
0.01

0.01

(mg/1)

0.92
1.10
1.07
1.12

1.05

1.22
1.01
1.05
.11

1.10

1.11
1.17
1.10
1.05

1.11

0.93
0.87
0.87
0.83
0.79

0.87

0.72
0.81
0.85
0.92

0.83

1.07
1.00
1.00
1.12
1.10

1.06
1.18
1.15
1.14
1.38

.21

(mg/1)

68.0
68.0
67.0
67.0

67.5

69.0
71.0
69.0
75.0

71.0
70.5
74.0
80.0
80.0
76.1

83.0
83.0

© 90.0

92.0
92.0

90.4

95.0
%4.0
91.0
88.0

92.0

81.0
83.0
82.0
88.0
86.0

84.0
85.0
84.0
85.0
87.0

85.3

SULFATE
(wg/1)

628
629
639
624

659
728
758
719

731

70
767
778
8

785

827
847
821
765
738

663
615
554
531

591

883

419
393

379
370
351

pH SUSPSOLIDS FLOWRATE  TEMP

8.03
7.93
7.9
7.9

7.97

7.95
8.01
7.3
7.84

7.93

1.1
1.3
1.77
1.3

7.61
7.62
7.66
7.67
7.66

7.64

7.80
7.714
1.72
7.82

1.7

7.8
7.94
7.89
1.78
7.8

7.84
7.8
1.713
8.n
8.18

8.12

(mg/1)

(o N O O k= N O = N W Ll N e e ~N NN = Lol N O - O L NN OO

- e O
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FOR SAMPLE SITE: X5

DATE OF AMMONIA CYANIDE

SAMPLE  (mg/1)
04-Aug-87 1.52
11-Rug-87 1.33
18-Aug-87 1.17
25-Aug-87 1.20

MLY AVG 1.31
01-Sep-87 1.07
08-Sep-87 1.32
15-Sep-87 1.21
21-Sep-87 0.97

MLY AVG 1.14
02-0ct-87 0.89
06-0Oct-87 0.76
13-0ct-87 1.04
20-0ct-87 1.13
27-0ct-87 1.02

MLY AVG 0.97
03-Nov-87 0.93
10-Nov-87 1.04
17-Nov-87 0.98
24-Nov-87 0.93

MLY AVG 0.97
01-Dec-87 0.88
03-Dec-87 1.09
15-Dec-87 1.70
23-Dec~87 1.59
30-Dec-87 1.54

MLY AVG 1.36

YEARLY SUMMARY:

YEAR MIN 0.00

YEAR MAX 1.70

# ANALYSES 52

YEAR AVG 0.%4

YEAR STD DEV 0.33

(mg/1)

0.03
0.07
0.03
0.01

0.04

0.07
0.02
0.09
0.07

0.06

0.06
0.08
0.05
0.06
0.04

0.06

0.03
0.06
0.06
0.07

0.06
0.10
0.09
0.14
0.10
0.17

0.12

0.00
0.17

47

0.05
0.04

FARO MINESITE

LEAD
(mg/1)

0.25
0.3
0.22
0.22

0.23

0.20
0.18
0.18
0.18

0.19

0.19
0.18
0.17
0.16
0.15

0.17

0.15
0.15
0.14
0.15

0.15
0.17
0.14
0.17
0.20
0.15

0.17

0.03
0.25

52

0.11
0.07

ZINC
(mg/1)

0.18
0.21
0.19
6.21

0.20

0.21
0.19
0.19
0.19

0.20

0.29
0.30
0.29
0.27
0.27

0.28

0.27
0.26
0.3
0.21

0.24
0.2
0.19
0.27
0.20
0.18

.21

0.06
0.30

52

0.16
0.07

COPPER MANGANESE SODIUM  SULFATE

(mg/1)

0.02
0.02
0.04
0.07

0.04

0.07
0.03
0.09
0.09

0.09

0.10
0.11
0.11
0.10
6.08

0.10

0.06
0.05
0.04
0.04

0.05

0.10
0.14
0.3
0.14
0.13

0.00
0.3

52

0.05
0.04

(mg/1)

1.38
1.3%
1.38
1.35

1.38

1.23
1.26
.27
1.3

1.26

1.2
1.3
1.28
1.32
1.36

1.28

1.35
1.36
1.40
1.44

1.39
1.47
1.50
1.63
1.42
1.4

1.49

0.72
1.63

52

1.17
0.21

(mg/1)

3.0
95.0
100.0
100.0

97.0

98.0
100.0
116.0
118.0

108.0

121.0
118.0
117.0
110.0
104.0

114.0

101.0
100.0
95.0
%6.0

98.0
95.0
93.0
103.0
93.0
98.0

97.6

67.0
121.0

52

90.6
14.0

(mg/1)

M43
361
344
360

352

405
399
399
398
386

397

310
847

52

517
172

pH SUSPSOLIDS FLOWRATE  TEMP

7.82
7.92
7.94
8.06

7.%4

7.95
7.85
7.99
8.00

7.95
7.9
7.93
8.30
8.1%
8.15
8.12

8.05

 8.52

8.53
7.92

8.26
7.9
7.63
7.83
8.3
7.92

7.91

7.61
8.n

52

7.93
0.3

(mg/1)

- P b b s

~ = e P o N NN o == N o

N NN

o O

52

(1/s) (deg C)

635.2

635.2

635.2
635.2

635.2
0.0

15
13
13
12
13
11
10

8
7

N =N o N Wb

N

15

52



FOR SAMPLE SITE: X6 FARO MIBESITE

DATE OF RAMMONIA CYANIDE LERD ZINC  COPPER MANGANESE SODIUM  SULFATE pH SUSPSOLIDS FLOWRATE TEMP

SAMPLE  (mg/1) (mg/1) (wg/1) (wg/l) (mg/1) (wg/1) (mg/1)  (mg/1) (mg/1)  (1/s) (deg C)
15-Jan-87 1.17 0.00 0.00  0.14 0.00  9.60 59.0 240 7.24 2% 3
10-Feb-87 0.58 0.00 0.00 0.21 0.00 10.40 61.0 273 7.12 40 2
10-Mar-87 0.76  0.00 0.00 0.2 0.00  13.45 71.0 319 6.% 64 2
07-2pr-87 1.48 0.00 0.27 . 0.00 13.10 69.0 280 6.93 27 3
12-May-87 0.92  0.00 0.00  0.57 0.08 13,90 72.0 404 6.86 57 2
11-Jun-87 0.88 0.01 0.00  0.30 0.02 13.10 68.0 385 6.73 58 3
13-Jul-87 0.0
11-Rug-87 0.0
08-Sep-87 0.0
06-0ct-87 0.0
10-Nov-87 0.0
09-Dec-87 0.0

YEARLY SUMPRRY:

YEAR MIN 0.58 0.00 0.00  0.14 0.00  9.60 59.0 240 6.73 2% 0.0 2
YEAR MAX 1.48 0.01 0.00  0.57 0.08  13.9%0 72.0 404 7.4 64 0.0 3
# ANALYSES 6 5 6 6 6 6 6 6 6 6 6 6
YEAR AVG 0.97 0.01 0.00 0.29 0.02 12.26 66.7 377 6.97 45 0.0 3
YEAR STD DEV = 0.29 0.00 0.00  0.14 0.03  1.64 4.9 64 0.17 15 0.0 1
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FOR SAMPLE SITE: X7 FARO MINESITE

DATE OF AMMONIR CYANIDE LEAD ZINC COPPER MANGANESE SODIUM  SULFATE pH SUSPSOLIDS FLOWRATE  TEMP

SMPLE  (mg/1) (wg/1) (mg/2) (mg/1) (mg/1) (mg/1) (mg/1)  (mg/1) (mg/1)  (1/s) (deg C)
15-Jan-87 0.40 0.00 7.32  43.00 0.18 7.57 2.7 800 7.08 448 2
10-Feb-87 0.50 0.00 0.2 17.00 0.01 7.41 24.0 1060 7.36 102 1
10-Mar-87 1.32 0.00 0.9 12.20 0.02 6.93 3.5 803 7.57 26 2
07-Rpr-87 4.27 0.19 9.75 6.05 4.32 2.8 591 7.%4 50 2
12-May-87 7.65 0.1 0.59 3.60 0.03 8.20 19.5 897 6.87 33 6
11-Jun-87 1.69 0.00 0.78  47.00 0.01 6.50 2.5 817 6.82 249 5
13-Jul-87 1.63 0.02 .3 21.95 0.00 4.98 20.5 783 6.99 266 2
11-2ug-87 2.13 0.00 0.03  39.10 0.00 5.50 4.5 951 7.13 H 7
08-Sep-87 1.08 0.00 0.06  36.50 0.00 5.25 5.5 847 1.14 58 70.5 3
06-0ct-87 3.19 0.03 0.86 57.80 0.03 7.18 36.5 1090 7.23 134 49.0 2
10-Kov-87 4.16 6.01 0.00 65.80 0.03 5.25 21.0 84 7.20 185 1
09-Dec-87 8.74 0.02 0.11  18.40 0.01 2.69 21.0 403 7.3 32 1

YEARLY SUMMARY:

YEAR MIN 0.40 0.00 0.00 3.60 0.00 2.69 2.7 403 6.82 26 49.0 1
YEAR MAX 8.74 . 0.03 7.32  65.80 0.18 8.20 36.5 1090  7.57 448 70.5 7
# ARALYSES 12 1 12 12 12 12 12 12 12 12 2 12
YEAR AVG 3.06 0.01 0.94 31.51 0.03 5.98 2.7 826 7.20 164 59.8 3
YEAR STD DEV = 2.60 0.01 1.95  19.02 0.05 1.53 8.0 i79 0.3 127 10.7 2
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FOR SAMPLE SITE:

DATE OF BAMMONIR CYANIDE

SAMPLE

07-Jan-8§7
15-Jan-87
20-Jan-87
28-Jan-87

MLY AVG

03-Feb-87
10-Feb-87
17-Feb-87
24-Feb-87

MLY AVG

03-Mar-87
10-Mar-87
17-Mar-87
24-Mar-87

MLY AVG

01-2pr-87
07-Rpr-87
14-Apr-87
20-2pr-87
28-Apr-87

MLY AVG

05-May-87
12-May-87
19-May-87
26-May-87

MLY 2V6

04-Jun-87
11-Jun-87
16-Jun-87
26-Jun-87
30-Jun-87

MLY AVG
06-Jul-87
13-Jul-87
20~Jul-87
28~Jul-87

MLY AVG

(mg/1)

0.32
0.89
0.41
0.71

0.58

1.26
0.52
0.61
0.65

0.76

0.45
0.94
0.85
1.40

0.91

0.78
0.70
0.83
0.78
2.02

1.03

0.37
0.80
0.95
1.15

0.82

0.84
0.9
1.59
2.84
0.77

1.40
0.87
1.33
1.19
0.94

1.08

(mg/1)

0.00
0.09
0.05
0.05

0.05

0.00
0.00
0.03
0.05

0.02

0.00
0.63
0.16
0.32

0.28

0.1
0.07
0.01
0.09

0.05

0.03
0.16
0.55
0.2
0.27

0.25
0.33
0.13
0.06
0.21

0.18

FARO MINESITE
LEAD  ZINC
{ng/1) (mg/1)
0.12  0.03
0.06  0.09
0.44 0.12
0.5  0.43
0.30  0.17
0.21 0.07
0.04  0.03
0.08 0.03
0.11 0.06
6.11 0.05
0.08  0.03
0.07 0.04
0.52  0.18
0.06  0.03
0.18  0.07
0.07  0.03
0.04  0.02
0.05  0.03
0.06  0.04
0.07 0.08
0.06  0.04
0.13  0.02
0.13 0.47
0.06  0.02
0.21 0.16
0.13 0.17
0.05  0.06
0.07  0.02
0.13  0.02
0.16  0.05
0.11 0.04
0.10  0.04
0.05 0.10
0.12  0.06
0.14  0.02
0.1  0.02
0.11  0.05

COPPER MANGRNESE SODIUM

(mg/1)

0.00
0.14
0.03
0.04

0.05

0.26
0.01
0.06
0.11

0.11

0.14
0.25
0.05
0.10

0.14

0.03
0.08
Q.15
0.73
0.4

.27

0.00
0.42
0.03
0.29

0.19

0.02
0.02
0.90
0.09
0.04

0.21
0.16
0.95
0.42
0.03

0.33

(ng/1)

0.04
0.02
0.04
0.04

0.04

0.00
0.03
0.03
0.04

0.03

0.04
0.00
0.00
0.00

0.01

0.02
0.03
0.01
0.00
0.01

0.01

0.00
0.01
0.00
0.02

0.01

0.01
0.02
0.03
0.01
0.02

0.02
0.00
0.01
0.01
0.00

0.01

(ma/1)

AU.0
108.0
72.0
43.0

79.3

310.0
154.0

93.0
105.0

165.5
106.0
119.0

66.5
276.0
141.8

97.0
111.0

160.0-

82.0
178.0

125.6

12.0
138.0
80.0
83.0

78.3

135.0
230.0
186.0

93.0
140.9

156.8
104.0
116.0
220.0
183.0

155.8

SULFATE
(mg/1)

153
142
135
1590

505

1850
325
212
226

653

190
1675
1560

550

153
265

156
135

195

40
194
212
172
155
184
33
125
124
24
119
173
5
180

in

pH SUSPSOLIDS FLOWRATE  TEMP

9.06
9.40
8.97
9.01

9.11

10.70
9.10
9.05
8.98

9.46

8.86
10.03
11.19

9.66

9.94

3.2
8.79
9.26
9.99
8.75

8.2

10.92
9.36
8.9
9.03

9.55

9.06
9.24
8.90
10.09
9.42

9.34
9.48
9.46
10.36
9.69

9.75

(mg/1)

128000
192000
153000
224000

174250

158000
164000
132000
188000

160500

131000
209000
150000
236000

181500
185000

151000
72300

137660

6700
194000
178000
110000

122175

279000
241000
242000
130000
240000

140000
170000
271000
150000

182750

(1/s) (deg C)
504.7 10
504.7 8
504.7 11
504.7 1
504.7 10
504.7 12
504.7 12
504.7 11
504.7 1
504.7 12
340.7 9
340.7 12
340.7 12
340.7 12
340.7 1
340.7 11
340.7 12
340.7 11
340.7 1
340.7 11
340.7 1n
133.3 8
340.6 11
340.0 14
340.7 13
288.7

340.7 14
340.7 14
340.7 14
340.7 15
340.7 18
340.7 15
340.7 17
340.7 17
340.7 18
340.7 18
340.7 18
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FOR SAMPLE SITE: X9

DATE OF AMMONIA CYANIDE

SAMPLE  (mg/1)
04-Bug-87 1.25
11-Aug-87 2.38
18-Aug-87 1.16
25-Aug-87 0.77

MLY AVG 1.39
01-Sep-87 1.08
08-Sep-87 0.58
15-Sep-87 0.27
21-Sep-87 0.69

MLY VG 0.66
02-0ct-87 2.85
06-0ct-87 0.88
13-0ct-87 2.06
20-0ct-87 0.80
27-0ct-87 0.80

MLY AVG 1.48
03-Nov-87 1.26
10-Nov-87 1.83
17-Nov-87 1.47
24-Kov-87 1.02

MLY AVG 1.30
01-Dec-87 1.8
09-Dec-87 2.33
15-Dec-87 0.76
23-Dec-87 1.58
30-Dec-87 0.74

MLY AVG 1.37

YEARLY SUMMRARY:

YEAR MIN 0.27

YEAR MAX 2.85

# ANALYSES 52

YEAR AVG 1.08

YEAR STD DEV  0.58

(mg/1)

0.05
1.68
0.08
0.21

0.51

0.04
0.97
0.09
0.95

0.51

0.11
2.68
0.31
2.06
0.54

1.14

0.40
0.67
0.48
0.33

0.47

0.80
0.19
0.03
0.11
0.09

0.24

0.00
2.68

47

0.35
0.54

FARO MINESITE

LEAD ZINC
(mg/1)  (mg/1)
0.14 0.06
0.06 0.02
0.07 0.03
0.23 0.06
0.13 0.04
0.14 0.07
0.20 0.10
0.49 0.42
0.11 0.12
0.24 0.18
0.12 0.09
1.8  0.48
0.07 0.12
0.05 0.02
0.05 0.00
0.43 0.14
0.06 0.01
0.07 .00
0.04 0.00
0.00 0.00
0.04 0.01
0.01 0.02
0.06 0.01
0.05 0.04
0.05 0.05
0.05 0.05
0.04 0.03
.00  0.00
1.86 0.48
52 52
0.16 0.08
0.27 0.11

COPPER MANGANESE SODIUM

(mg/1)

5.60
11.20
0.32
0.14

4.32

0.73
0.50
0.04
0.17

0.36

7.93
0.43
6.28
0.10
0.3

2.99

0.0%
0.51
2.42
0.74

0.%4
0.93
0.26
0.77
0.13
0.29

0.48

Q.00
11.20

52

0.88
2.11

(mg/1)

0.02
0.01
0.02
0.00

0.01

0.03
0.02
0.02
0.00

0.02

0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00

0.00
0.00
0.01
0.06
0.02
0.01

0.02

0.00
0.06

52

0.02
0.01

(mg/1)

118.0
202.0
123.0
144.0

148.3

203.0
163.0
159.0

80.0

151.3

199.0

83.0
165.0
108.0
115.0

134.2
136.0
160.0
137.0

39.0

118.0

93.0

128.0
328.0
106.0
113.0

153.8

12.0
329.0

52

134.7
62.0

SULFATE
(mg/1)

288
390
123
191

248
216

122
151

370
274
129
213
962
151
240

338

40
1850

52

336
410

pH SUSPSOLIDS FLOWRATE  TEMP

9.61

9.42
9.05
9.39

9.37

9.10
9.10
10.15
9.41

9.44

9.45
12.2
10.30

9.97

9.78

10.34

9.90
9.41
8.50
.21

9.26
10.16
9.29
9.70
9.58
9.16

9.58

8.50

12.22 -

52

9.53
0.67

(mg/1)

140000
260000
206000
180000

196500
257000
269000

31300
182000
184825
117000
250000
310000
169000
210800
235000

275000
359000

172560

6700
359000

52

186579
72000

(1/s) (deg C)
340.7 18
0.7 16
340.7 18
30.7 17
3407 17
340.7 15
3407 15
m.7 1
3407 13
2840 14
340.0 13
340.0 10
340.0 9
0.0 12
340.0 10
0.0 1
340.0 10
340.0 10
340.0 9
340.0 9
M0.06 10
340.0 9
340.0 9
340.0 8
340.0 9
340.0 9
340.0 9
13.7 8
504.7 18
52 52
357.4 12
75.4 3
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FOR SARPLE SITE: X10°

DATE OF AMMONIR CYANIDE

SAMPiE (mg/l)
15-Jan-87
10-Feb-87 0.24
10-Rar-87 0.03
07-2pr-87 0.21
12-Kay-87 0.17
11-Jon-87 0.07
13-Jul-87 0.31
11-Aoug-87 0.37
08-Sep-87 0.08
06-0ct-87 0.05
10-Rov-87 0.30
09-Dec-87 0.08

YEARLY SUMMARY:

YEAR MIN 0.03
YEAR MAX 0.37
# ANALYSES 11
YEAR AVG 0.17
YEAR STD DEV 0.11

(mg/1)

0.00
0.02

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01

0.00
0.02

10

0.01
0.00

FARO MINESITE

LEAD  ZINC
(mg/1) (mg/l)
0.00  0.02
0.00  0.00
0.00  0.02
0.03  0.04
0.00  0.02
0.62  0.02
0.01 0.03
0.00 0.03
.00  0.02
0.00  0.03
0.00  0.02
0.00  0.00
0.03  0.04
n 11
0.01 0.02
0.01 0.01

COPPER MANGANESE SODIUM

(ma/1)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00

11

0.00
0.00

(mg/1)

0.00
0.00
0.60
0.04
0.02
0.02
0.02
0.02
0.02
0.02
0.01

0.00
0.04

1

0.02
0.01

(/1)

1.8
1.9
1.8
0.8
0.1
1.5
1.5
2.1
2.1
2.3
2.4

0.1
2.4

11

1.7
0.7

SULFATE
(mg/1)

19
18
16

o

13

13
16

o

11

12

pH SUSPSOLIDS FLOWRATE  TEMP

8.06
8.01
7.97
7.72
8.08
8.21
8.19
7.80
8.38
7.62
8.07

7.62
8.38

1

8.01
0.21

(m3/1)

OOD—‘OQO#&HQO

162

1

15

(1/s) (deg C)
3

2

3

0

4

9

6

2

1231.0 0
(i}

0

1231.0 .0
1231.0 9
1 1
1231.0 3
0.0 3
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FOR SAMPLE SITE:

X11

DATE OF AMMONIA CYANIDE

SAMPLE

07-Jan-87
15-Jan-87
20-Jan-87
28~Jan-87

MLY AVG

03-Feb-87
10-Feb-87
17-Feb-87
24-Feb-87

MLY AVG

03-Mar-87
10-Mar-87
17-Mar-87
24-Mar-87

MLY AVG

01-Apr-87
07-2pr-87
14-Apr-87
20-2pr-87
28-Apr-87

MLY AVG

05-May-87
12-May-87
19-May-87
26-May-87

MLY AVG

04-Jun-87
11-Jun-87
16-Jun-87
26-Jun-87
30-Jun-87

MLY AVG
06-Jul-87
13-Jul-87
20-Jul-87
28-Jul-87

MLY AVG

(mg/1)

0.24
0.60
- 0.60
0.40

0.46

1.32
0.37
0.18
0.54

0.60

0.29
0.4
0.59
0.63

0.49

0.40
0.1
0.54
0.65
0.32

0.56
0.56
0.68
0.79
0.66
0.67
0.78
0.71
0.84
0.86
0.80
0.73
0.74
0.87
0.80

0.79

(mg/1)

0.00
0.05
0.03
0.02

0.03

0.04
0.08
0.09
¢.00

0.05
0.02
0.09
0.01
0.00

0.03

FARO MINESITE
LERD ZINC
(mg/1)  (mg/1)
0.00 0.00
0.00 0.01
0.00 0.01
0.00 0.01
0.00 0.01
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.01
0.00 0.01
0.02 0.02
0.00 0.00
0.00 0.02
0.00 0.01
0.01 0.01
0.00 0.00
0.00 0.00
0.00 0.02
0.00 0.00
0.00 0.00
0.00 0.01
0.00 0.00
0.00 0.60
0.00 0.02
0.00 0.00
0.00 0.01
0.00 0.00
0.00 0.02
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.01
0.00 0.00
0.03 0.05
0.03 0.01
0.02 0.00
0.02 0.02

COPPER MANGANESE SODIUM  SULFATE

(mg/1)

0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.01
0.00

0.01
0.00
0.00
0.00
0.00

0.00

(mg/1)

2.46
rg)
2.98
3.19

2.85

3.2
3.14
3.53
3.82

3.43

4.10
4.32
4.30
4.2

4.24

4.2
4.80
4.84
4.98
5.10

5.15
5.15
4.92
5.10

5.08

5.10
4.40
4.50
4.68
4.5

4.65
4.15
4.09
3.78
4.17

4.05

(mg/1)

63.0
62.0
63.0
63.0

62.8

60.0
62.5
61.0
65.0

62.1

62.0
65.0
64.5
67.0

64.6

68.0
67.0
69.0
68.0
69.0

68.2

70.0
72.0
69.0
70.0

70.3

70.0
73.0
n.o
79.0
74.0

73.4

78.0

80.0
78.0
78.0

78.5

(mg/1)

436
474
4%
506

493

511
526

555
535
572
589
599
625
5%
621
652
677

670
678

685
670
653
651
624
652
595
553
567

581

pH SUSPSOLIDS FLOWRATE TEMP
(1/s) (deg C)

71.53
7.58
7.45
7.5

7.53

7.65
7.52
7.49
1.44

7.53

7.55
7.50
7.59
7.55

7.55

7.68
7.63
7.46
7.62
7.42

7.5

7.60
7.70
7.69
7.52

7.83

7.47
7.56
7.63
7.58
7.50

7.55
7.61
7.49
8.74
7.59

7.86

(mg/1)
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11.7
1.7
13.8
12.8

12.5

12.8
13.8
13.8
13.8

13.6

12.8
13.8
13.8
13.8

13.6

16.2
16.2
15.0
13.8
11.7

14.6

13.8
13.8
13.8
12.8

13.6

13.8
15.0
15.0
16.2
16.2

15.2
18.7
18.7
18.7
18.7

18.7
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FOR SAMPLE SITE:

n

DATE OF AMMONIA CYANIDE

SAMPLE  (mg/1)
04-2ug-87 0.97
11-Rug-87 0.94
18-aug-87  1.11
25-hug-87 0.94

MLY AVG 0.99
01-Sep-87  0.87
08-Sep-87 0.97
15-Sep-87 0.88
21-Sep-87 0.84

MLY AVG 0.89
02-0Oct-87 1.03
06-0ct-87 0.84
13-0ct-87 0.98
20-Oct-87 1.05
27-0ct-87 0.93

MLY AVG 0.97
03-Nov-87 1.51
10-Rov-87 0.91
17-Rov-87 1.03
24-Bov-87 0.82

MLY AVG 1.07
01-Dec-87 0.79
09-Dec-87 1.33
15-Dec-87 1.15
23-Dec~87 1.12
30-Dec-87 1.06

MLY AVG 1.09

YEARLY SUMMARY:

YEAR MIN 0.18

YEAR MAX 1.51

# ANALYSES 51

YEAR AVG 0.79

YEAR STD DEV 0.28

(mg/1)

0.11
0.12
0.16

0.13

0.00
0.16

15

0.06
0.05

FARO MINESITE

LEAD ZINC
(ng/1)  (mg/1)
0.04 0.02
0.01 0.00
0.03 0.02
0.02 0.04
0.03 0.02
0.00 0.00
0.00 0.01
0.00 0.00
0.00 0.00
0.00 0.01
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.02
0.00 0.01
0.00 0.00
0.00 0.00
0.00 0.01
0.00 0.00
0.00 0.01
0.02 0.85
0.10 0.04
0.05 0.04
0.04 0.19
0.90 0.00
0.10 0.85
52 52
0.01 0.03
0.02 0.12

COPPER MANGANESE SODIUM

(mg/1)

0.00
0.00
0.00
0.00

\
0.00

0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00

0.00
0.01
0.00
0.07
0.00
0.01

0.02

0.00
0.07

52

0.01
0.01

(mg/1)

4.30
3.9%
4.10
4.17

4.13

3.93
3.99
4.13
4.03

4.02

4.13
4.11
4.10
4.17
4.19

4.14

4.08
4.00
4.12
4.10

4.08
4.02
3.90
4.3
3.9
3.%4

.84

2.46
5.15

52

4.13
0.59

(mg/1)

78.0
80.0
79.0
79.0

79.0

80.0
82.0
84.0
82.0

82.0

85.0
85.0
85.0
84.0
83.0

84.4

84.0
81.0
82.0
79.0

81.5
79.0
79.0
65.5
83.0
81.1

77.5

60.0
85.0

52

73.9
7.9

SULFATE
(mg/1)

548
513
531
538
533
526

512
512

495
493
499
459
4381
474
467
485
478
41

474
697

521

459
697

52

562
78

pH SUSPSOLIDS FLOWRATE
(mg/1)  (1/s)

7.92
7.59
7.68
7.75

7.74

7.57
7.4
7.59
7.37

7.49

7.62
7.54
8.00
7.78
7.84

7.76

7.62
7.64
7.15
7.46

7.47
7.62
7.63
7.78
8.01
7.67

7.74

7.15
8.74

52

7.62
0.2
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20.0
20.0
21.2
21.2

20.6

21.2
21.2
21.2
21.2

21.2

21.2
18.7
21.2
18.7
18.7

19.7

17.5
16.2
16.2
16.2

16.5
16.2
16.2
16.2
18.7
18.7

17.2

1.7
21.2

52

16.4
3.0

(Geg C)
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POR SAMPLE SITE: X12

DATE OF AMMONIA CYANIDE

SAMPLE

07-Jan-87
15-Jan-87
20-Jan-87
28-Jan-87

MLY AVG

03-Feb-87
10-Feb-87
17-Feb-87
24-Feb-87

MLY AVG

03-Mar-87
10-Mar-87
17-Kar-87
24-Kar-87

MLY AVG

01-Apr-87
07-Apr-87
14-Apr-87
20-Apr-87
28-Rpr-87

MLY AVG

05-May-87
12-May-87
19-May-87
26-May-87

MLY AVG

04-Jun-87
11-Jun-87
16-Jun-87
26-Jun-87
30-humn-87

MLY AVG
06-Jul-87
13-Jul-87
20-Jul-87
28-Jul-87

MLY AVG

(mg/1)

0.00
0.37
0.22
0.46

0.26

0.15
0.14
0.00
0.25

0.14

0.00
0.00
0.09
0.34

0.11

0.15
0.25
0.24
0.16
0.17

0.19

0.13
0.19
0.3
0.65

0.30

0.26
0.31
0.56
0.56

0.26

0.33

0.26
0.29
0.31
0.45

0.33

(mg/1)

0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00

0.00

FARO MINESITE
LEAD ZINC
(mg/1)  (mg/1)
0.00  0.00
0.00 0.00
0.00 0.01
0.00 0.00
0.00  0.01
0.00 0.00
0.00 0.00
0.00  0.00
0.00 0.00
0.00 0.00
0.03  0.02
0.00 0.00
0.00 0.01
0.00 0.00
0.01 0.01
0.00 0.00
0.00 0.00
0.00 0.00
0.00  0.00
0.00  0.00
0.00  0.00
0.00  0.01
0.00  0.00
0.00  0.00
0.00  0.00
0.00 0.01
0.00 0.00
0.00 0.00
0.00 0.00
0.00  0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.02  0.00
0.06 0.00
0.02  0.00
0.3 0.00

COPPER MANGANESE SODIUM

(mg/1)

0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.02
0.00
0.01

0.01

0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00

0.00

(ma/1)

0.51
0.60
0.65
0.62

0.60

0.62
0.63
0.67
0.72

0.66

6.76
0.80
0.83
0.84

0.81

0.82
0.87
0.9
0.99
1.06

0.93

1.05
0.97
1.04
1.06

1.03

0.97
1.04
0.95
1.06
1.05

1.01
1.02
0.95
0.91
0.85

0.93

(mg/1)

3.5
34.5
35.5
36.0

4.9

37.5
33.5
40.0
40.5

39.4

41.5
42.0
43.0
45.5

43.0

47.0
48.5
48.0
49.5
51.0

48.8

47.5
49.0
47.5
52.0

49.0

53.0
51.0
48.0
47.0
45.0

48.8
39.5
37.0
3.0
34.5

36.3

SULFATE
(mg/1)

21
293
kv73
139

455
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pH SUSPSOLIDS FLOWRATE TEMP

7.69
7.79
7.64
7.76

71.712

1.7%
7.5
7.70
7.49

7.63

1.712
.71
7.80
1.75

7.75

7.9
7.86
71.80
7.74
8.05

7.89

.77
8.08
1.7
7.67

7.82

7.66
1.1
.n
1.62
7.68

7.0
7.91
7.65
8.97
.8

8.08

(mg/1)

- O NN e [ DN = e ~ N NN -
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(1/s) (deg C)
7.2 3
7.2 1
7.2 2
5.5 2
6.8 2
5.5 2
6.3 3
5.5 2
4.8 3
5.5 -3
4.2 2
4.2 2
4.8 2
4.8 3
4.5 2
4.8 3
4.8 3
4.8 3
4.2 3
3.5 2
4.4 3
4.2 2
5.5 3
5.5 4
4.8 4
5.0 3
6.3 4

10.5 3

13.5 4

16.5 2

17.5 4

12.9 3

2
11.0 3
10.3 3
11.0 3
10.8 3



FOR SAMPLE SITE: X12 FARO MINESITE

DATE OF AMMONIA CYANIDE LEAD ZINC COPPER MANGANESE SODIUM  SULFATE pH SUSPSOLIDS FLOWRATE  TEMP

SAMPLE  (mg/1) (wg/1) (mg/1) (mg/1) (mg/1) (wg/1) (mg/1)  (mg/1) (mg/1)  (1/s) (deg C)
04-Aug-87 0.66 0.00 0.04 0.01 0.00 0.88 33.5 4 7.89 0 11.0 3
11-2ug-87 0.45 0.00 0.02 0.00 0.00 0.90 32.5 216 7.87 0 1.0 2
18-Bug-87 0.62 0.00 0.01 0.06 0.00 1.02 36.0 233 7.67 0 11.0 3
25-Aug-87 0.4 0.00 0.01 0.00 0.00 1.14 37.5 246 1.9 1 11.0 3

MLY AVG 0.54 0.00 0.02 0.02 0.00 0.99 4.9 24 1.8 0 11.0 3
01-Sep-87 0.27 0.00 0.00 0.00 0.00 1.2 41.0 240 7.85 0 11.0 3
08-Sep-87 0.35 0.02 0.00 0.00 0.00 1.2 38.0 239 7.58 0 11.0 3
15-Sep-87 0.60 0.00 0.00 0.00 0.00 1.2 37.0 24 1.62 0 10.3 3
21-Sep-87 0.26 0.00 0.00 0.00 0.00 1.31 38.0 233 7.51 0 11.0 3

MLY AVG 0.37 0.01 0.00 0.00 0.00 1.5 38.5 234 7.64 0 10.8 3
02-0ct-87 0.20 0.00 0.00 0.00 0.00 1.28 39.0 251 7.62 1 9.7 S
06-0ct-87 0.22 0.00 0.00 0.00 0.00 1.30 33.0 247 1.74 1 9.7 2
13-0ct-87 0.25 0.00 0.00 0.00 0.00 1.32 40.0 233 8.10 0 9.7 2
20-0ct-87 0.35 0.00 0.00 0.00 0.00 1.32 41.0 251 8.4 0 8.3 3
27-0ct-87 0.25 0.00 0.00 0.00 0.00 .2 41.0 253 8.74 0 8.3 3

MLY AVG 0.25 0.00 0.00 0.00 0.00 1.28 40.0 247 8.05 0 9.1 3
03-Nov-87 0.40 0.00 0.00 0.00 0.00 1.13 41.0 23 1.67 0 8.3 2
10-Fov-87 0.35 0.00 0.00 0.00 0.00 1.01 33.0 217 7.61 0 7.0 3
17-Nov-87 0.19 0.00 0.00 0.00 0.00 1.10 41.0 %2 1.2 0 7.0 2
24-Nov-87 0.33 0.00 0.00 0.00 0.00 1.00 40.5 258 7.64 0 7.0 3

MLY AVG 0.32 0.00 0.00 0.00 0.00 1.06 40.4 238 7.53 0 7.3 3
01-Dec-87 0.23 0.00 0.00 0.00 0.00 1.08 40.0 215 7.88 0 7.0 2
09-Dec-87 0.11 0.01 0.00 0.01 0.00 0.96 42.0 268 7.75 0 7.0 2
15-Dec-87 0.14 0.00 0.02 0.00 0.06 0.93 40.7 230 7.67 1 7.0 3
23-Dec-87 0.22 0.00 0.05 0.04 0.00 0.92 3%.1 297 8.17 0 7.0 2
30-Dec-87 0.26 0.00 0.05 0.04 0.01 0.86 32.8 300 7.84 0 7.0 1

MLY AVG 0.19 0.01 0.03 0.02 0.02 0.95 38.9 2714 1.8 0 7.0 2

YEARLY SUMMARY:

YEAR MIN 0.00 0.00 0.00 0.00 0.00 0.51 32.5 216 1.2 0 3.5 1

YEAR MAX 0.66 0.02 0.06 0.06 0.06 1.32 53.0 605 8.97 10 17.5 5

4

# ANALYSES 52 47 52 52 52 52 52 52 52 52 51 52

YEAR AVG 0.28 0.01 0.01 0.01 0.01 0.96 41.3 358 7.8 1 7.9 3

YEAR STD DEV = 0.16 0.00 0.01 0.01 0.01 0.2 5.4 126 0.27 2 3t 1
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FOR S2MPLE SITE:

I3

DATE OF AMMONIA CYANIDE

SAMPLE

07-Jan~87
15-Jan-87
20-Jan-87
28-Jan-87

MLY AVG

03-Feb-87
10-Feb—87
17-Feb-87
24-FPeb-87

MLY AVG

03-Mar-87
10-Mar-87
17-Mar-87
24-Har-8§7

MLY AVG

01-Apr-87
07-Apr-87
14-Apr-87
20-Rpr-87

MLY AVG

05-May-87
12-May-87
19-May-87
26-May-87

MLY AVG

04-Jun—-87
11-Jun-87
16-Jun-87
26-Jun—87
30-Jun-87

MLY AVG
06-Jul-87
13-Jul-87
20-Jul-87
28-Jul-87

MLY AVG

(mg/1)

0.00
0.47
0.20
0.37

0.26

0.30
0.13
0.00
0.33

0.21

0.05
0.26
0.57
0.69

0.3%

0.30
0.83
0.25
0.44
0.30

0.42

0.38
0.41
0.45
0.55%

0.45

0.45
0.51
0.45
0.53
0.47

0.48
0.47
0.47
0.53
0.57

0.51

(mg/1)

0.02
0.03
0.02
0.04

0.03

0.04
0.02
0.02
0.05

0.03
0.00
0.09
0.00
0.00

0.03

FARO MINESITE

LEAD ZINC
(mg/1)  (mg/1)
0.00 0.02
0.00  0.02
0.00 0.02
0.00  0.01
0.00  0.02
0.00 0.01
0.00 0.00
0.00 0.01
0.00  0.01
0.00 0.01
0.03  0.02
0.00  0.00
0.00 0.01
0.00 0.00
0.01 .01
0.00 0.00
0.00 0.00
0.00  6.02
0.00 0.00
0.00  0.02
0.00 0.01
0.00 0.01
0.00 0.00
0.00 0.01
0.00 0.00
0.00 0.01
0.00 0.00
0.00 0.00
0.00  0.00
0.00 0.00
0.00 0.02
"0.00 0.01
6.00 0.01
0.02  0.03
0.03  0.01
002 0.0t
0.02  0.02

COPPER MANGANESE SODIUM

(mg/1)

0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.01
0.00
0.00

0.01

0.00
0.00
0.01
0.00

0.01

0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00

0.00

(mg/1)

2.42
2.66
2.76
2.9

2.69

2.9
2.81
3.12
3.32

3.05

3.30
3.53
3.58
3.63

3.51

3.72
4.69
4.00
4.10
4.2

4.14

4.50
4.26
4.06
4.5

4.27

4.2
3.85
3.60
3.82
3.98

3.89
3.72
3.3
3.05
3.72

3.61

(mg/1)

55.0
58.0
53.0
60.0

58.0

57.5
59.5
58.0
61.0

59.0

60.5
61.0
63.0
64.0

62.1

65.0
67.0
67.0
67.0
67.0

66.6

67.0
67.0
68.5
68.0

67.6

70.0
69.0
67.0
69.0
69.0

68.8
67.0
68.0
60.0
€7.5

65.6

SULFATE
(mg/1)

441
461

47

481
475
501
515

493

511
549
553
570

556

616
621
637

636
656
623
667

655
657
654
637
631

647

£888

pH SUSPSOLIDS FLOWRATE ~ TEMP
(1/5) (2eg C)

7.51
7.69
7.52
7.54

1.57

7.51
7.42
7.46
7.49

1.47

7.56
7.51
7.5%
7.56

7.56

8.03
7.53
7.52
1.%4
7.80

7.68

7.66
7.86
1.58
1.47

7.64

7.49
7.53
7.53
7.59
7.56

7.4
7.91
7.47
8.78
7.67

7.96

(mg/1)

N W N NN W (7] N W W N - NN =N N - NN N N o= NN N NN e
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97.3
97.3
97.3
97.3

97.3

97.3
104.0
97.3
97.3

93.0

97.3
97.3
97.3
97.3

97.3

104.5
104.5
97.3
90.5
93.8

98.1

90.5
93.8
93.8
90.5

92.2

97.3
101.0
104.5
108.2
111.8

104.6
119.5
123.7
119.5
118.5

120.6
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FOR SAMPLE SITE:

I3

DATE OF AMMONIA CYANIDE

SAMPLE  (mg/1)
04-Rug-87 0.68
11-Rug-87 0.74
18-Rug-87 0.80
25-Rug-87 0.70

MLY AVG 0.73
01-Sep-87 0.1
08-Sep-87 0.97
15-Sep-87 0.70
21-Sep-87 0.65

MLY AVG 0.76
02-0ct-87 0.69
06-0ct-87 0.56
13-0Oct~87 0.74
20-0ct-87 0.75
21-0ct-87 0.70

MLY AVG 0.69
03-Bov-87 6.74
10-Nov-87 0.65
17-Kov-87 0.63
24-Nov-87 0.75

MLY AVG 0.69
01-Dec-87 0.68
09-Dec-87 0.53
15-Dec-87 0.67
23-Dec-87 0.73
30-Dec-87 0.72

MLY AVG 0.67

YEARLY SUMMARY:

YEAR MIN 0.00

YEAR MAX 0.97

# ANALYSES 52

YEAR AVG 0.52

YEAR STD DEV

0.21

(mg/1)

0.10
0.15
0.12

0.12

0.00
0.15

15

0.05
0.04

FARO MINESITE
LEAD  ZINC
(mg/1)  (mg/1)
0.05  0.02
0.02  0.00
0.00  0.00
0.02  0.02
0.03  0.01
0.00 0.0
0.00  0.02
0.00  0.01
0.00  0.00
0.00  0.01
0.00  0.00
0.00  0.00
0.00  0.01
0.00 0.0
0.00 0.0
0.00  0.01
0.00  0.00
0.00  0.01
0.00  0.00
0.00  0.00
0.00  0.01
0.00  0.01
0.00  0.01
0.001  0.02
0.05  0.07
0.05 0.04
0.02  0.03
0.00  0.00
0.05  0.07
52 52
0.01  0.01
0.01  0.01

COPPER MENGANESE SODIUM

(mg/1)

0.00
0.0C
0.00
0.00

0.00

0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.09
0.00
0.00

0.02

0.00
0.09

52

0.01
0.01

(mg/1)

3.63
3.33
3.3
3.80

3.62

3.69
3.66
3.67
3.73

3.69

3.88
3.
3.68
3.3
.73

3.75

3.42
3.85
3.63
3.69

3.65
3.67
3.79
3.84
3.2
3.14

3.53

2.42
4.69

52

3.63
0.45

(mg/1)

66.0
63.0
70.0
70.0

67.3

70.0
70.0
n.o
- 72,0

70.8

72.0
72.0
72.0
74.0
74.0

72.8

70.0
75.0
72.0
75.0

73.0

74.0
76.0
53.1
82.0
80.2

3.1

53.1
82.0

52

67.3
6.1

SULFATE
(mg/1)

542
488
512
523
516
512
517
487
512
526
520
499
507
492

495
475

467
469
490

625

667

52

67

pH SUSPSOLIDS FLOWRATE TEMP

7.68
7.83
7.56
7.70

7.68

7.60
7.39
7.50
7.61

7.53

7.57
7.68
7.90
7.713
8.51

7.88

7.59
7.63
1.3
7.48

7.48
7.88
7.68
7.66
8.15
7.80

7.8

7.3
8.78

52

7.66
0.26

(mg/1)

w W N N > N N W D e w N o W N NN
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(1/s) (deg C)
127.7 3
127.7 3
127.7 3
127.7 S
127.7 4
127.7 4
127.7 5
127.7 4
127.7 4
127.7 4
119.5 5
119.5 4
118.5 3
118.5 5
116.2 4
118.8 4
116.2 4
108.2 4
104.5 3
104.6 4
108.4 4
104.5 4
104.5 3
111.8 3
111.8 3
104.5 3
107.4 3
90.5 1
127.7 5
52 52
108.2 3
12.1 1



FOR SAMPLE SITE:

X14

DRTE OF AMMONIA CYANIDE

SAMPLE  (mg/1)
15-Jan-87 0.28
10-Feb-87 0.00
10-Mar-87 0.44
07-Apr-87 0.67
12-May-87  0.18
11-Jun-87 0.28
13-Jul-87 0.50
11-Aug-87 0.61
08-Sep-87 0.76
06-0ct-87 0.37
10-Nov-87 0.50
09-Dec-87 0.52

YEARLY SUMMARY:

YEAR MIN 0.00
YEAR MAX 0.76
# ANRLYSES 12
YEAR AVG 0.43
YEAR STD DEV 0.21

(mg/1)

0.00
0.00
0.02

0.00
0.00
0.03
0.02
0.02
0.06
0.04
0.07

0.00
0.07

11

0.03
0.02

FARO MINESITE

LEAD  ZINC
(mg/1) (mg/1)
0.05  0.09
0.02  0.07
0.03  0.08
0.03  0.06
0.03  0.05
0.02  0.03
0.06  0.06
0.06  0.07
0.03  0.06
0.05 0.11
0.05  0.12
0.07  0.11
0.02  0.03
0.07  0.12
12 12
0.04  0.08
0.02  0.03

COPPER MANGANESE SODIUM  SULFATE

(mg/1)

0.04
0.02
0.02
0.04
0.00
0.00
0.00
0.01
0.01
0.04
0.02
0.07

0.00
0.07

12

0.02
0.02

(mg/1)

1.23
19.10
2.08
1.81
0.36
0.33
0.62
0.70
0.49
0.82
1.06
1.68

0.33
19.10

12

2.52
5.03

(mg/1)

63.0
57.0
63.0
82.0
14.5

9.7
2.0
33.0
28.0
43.0
49.0
66.0

9.7
82.0

12

4.4
21.7

(mg/1)

567
549
646
762
108

71
13
131
109
184
229
329

1
762

12

317

pH SUSPSOLIDS FLOWRATE  TEMP

7.67
7.60
7.65
7.93
7.65
7.85
8.00
7.99
7.99
8.21
7.85
7.86

7.60
8.21

12

7.85
0.18

(mg/1)

&NV*HOHva-HHN

99

12

10

(1/s) (d=g C)
2
1
1
2
2
4
10
8
3
2003.0 1
1
1
2003.0 1
2003.0 10
1 12
2003.0 3
0.0 3



FOR SAMPLE SITE: X22

DATE OF AMMONIA CYANIDE

SAMPLE

07-Jan-87
15-Jan-87
20-Jan-87
28-Jan-87

MLY AVG

03-Feb-87
10-Feb-87
17-Feb-87
24-Feb-87

MLY aVG

03-Mar-87
10-Mar-87
17-Mar-87
24-Mar-87

MLY AVG

01-Apr-87
07-2pr-87
14-Rpr-87
20-2pr-87
28-Rpr-87

MLY AV6

05-Kay-87
12-May-87
19-May-87
26-May-87

MLY AVG

04-Jun-87
11-Jun-87
16-Jun-87
26-Jun-87
30-Jun-87

MLY AVG
06-Jul-87
13-Jul-87
20-Jul-87
28-Jul-87

MLY AVG

(mg/1)

0.18
0.29

0.24
1.65

1.33
4.97

2.65

6.26
11.60
8.93

6.38

0.77

3.58

16.30
3.4
7.21
4.44

7.87

1.87
2.67
2.60
1.10
9.39

3.53
4.45
3.3
2.61
0.19

2.65

(mg/1)

0.01
0.00

0.01

0.00
0.00
0.00

0.00

0.01
0.05

0.03

0.01
0.00
0.01
0.00

0.01

0.00
0.01
0.02
0.00
0.00

0.01
0.02
0.00
0.00
0.00

0.01

0.11

FARO MINESITE
LEAD  ZINC
(mg/1) (mg/1)
0.03 37.20
0.02 31.60
0.03  34.40
0.04 20.20
0.05 17.30
0.08  14.00
0.06 17.17
0.3  6.25
0.10 1.28
0.17  3.77
0.43  10.70
0.10 26.00
0.30  18.35
0.26  69.00
0.13 87.00
0.06 3.26
0.15 56.20
0.15 53.87
0.04 43.80
0.45 32.20
0.10 110.50
0.02  26.50
0.13  17.50
0.15 46.10
0.06 20.30
0.3 22,20
0.11  23.00
0.02 4.14

17.41

COPPER MANGANESE SODIUM  SULFATE

(mg/1)

0.00
0.00

0.00
0.00

0.00
0.00

0.00

0.00
0.00
0.00

0.02

0.01

0.02

0.05
0.11
0.06
0.05

0.07

0.01
0.01
0.93
0.00
0.00

0.19
0.00
0.01
0.00
0.00

0.01

(mg/1)

2.86
2.49

2.68
1.68

1.98
1.63

1.77

0.67
0.54
0.61

1.2
1.60

1.41

4.25
5.45
5.20
4.20

4.78

2.70
2.06
8.30
1.7
1.27

3.21
1.50
1.60
1.64
0.02

1.19

(mg/1)

16.0
15.0

15.5
13.5

15.0
14.1

14.2

15.7
22.3
19.0

16.0

9.0

12.5

16.5
15.4
14.5
11.9

14.6

14.8
19.1
38.5
13.4
24.0

24.0
2.5
24.5

3.6

18.7

(mg/1)

532
487

510
391

399
352

381

259
279
263

351

398

375

1485
35
351

607
391
380

201

329

pH SUSPSOLIDS FLOWRATE TEMP

7.26
6.97

7.12
7.09

6.95
1.2

7.09

7.40

7.2

7.31

7.55

7.3

7.46

7.2
7.61
6.68
6.96

7.12

7.19
1.3
6.95
7.48
7.07

7.18
7.41
7.03
7.10
7.91

7.36

(mg/1)

4
]

BN &

21

13

324

169

216

112

57

1670

453
82
101
113
57
24
75
17

15

19

{1/s) (deg C)
128.8 2
128.8 1
0.0
0.0
64.4 2
45.5 1
45.5 2
91.0 1
0.0
45.5 1
0.0
45.5 2
0.0
45.5 4
2.8 3
45.5 3
0.0
0.0
45.5 3
0.0
18.2 3
45.5 4
45.5 4
45.5 4
45.5 5
45.5 4
91.0 5
91.0 6
36.3 6
127.3 5
127.3 10
94.6 6
91.0 8
91.0 7
81.8 9
2.8 8
7.7 8
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FOR SAMPLE SITE: X22

DATE OF AMMONIA CYANIDE

SAMPLE  (mg/1)

04-3ug-87  2.78
11-2ug-87  9.81
18-2ug-87  4.64
25-dug-87  0.18

MLY AVG 4.35

01-Sep-87 3.40
08-Sep-87 0.18
15-Sep-87 0.00
21-Sep-87 0.25

MLY AVG 0.%

02-0ct-87 4.98
06-Oct-87 6.75
13-0ct-87 5.92
20-0Oct-87 2.4
27-0ct-87 2.27

MLY AVG 4.48

03-Kov-87 1.81
10-Kov-87 6.45
17-Kov-87 4.4
24-Nov-87 0.64

MLY RVG 3.34

01-Dec-87 8.99
09-Dec-87 11.90
15-Dec-87 1.52
23-Dec-87 5.16
30-Dec-87 9.71

MLY AVG 7.46

YEARLY SUMMARY:

R

YEAR MIN 0.00
YEAR MAX 16.30
# ANALYSES 44
YEAR AVG 4.26

YEAR STD DEV .n

(mg/1)

0.01
0.07
0.00
0.00

0.02

0.00
0.08
0.00
0.00

0.02

0.01
0.01
0.00
0.01
0.00

0.01
0.00

0.03
0.03

0.01

0.02

0.04
0.03
0.00
0.00
0.00

0.02

0.00
0.08

0.01
0.02

FARO MINESITE
LEAD  ZINC
(mg/1)  (mg/l)
0.12 25.%
0.05 26.60
0.05 25.70
0.02 4.3
0.06  20.53
0.07  38.30
0.01 4.69
0.00 5.26
0.00 5.70
0.02 13.49
0.10 31.70
0.2 41.60
0.20  26.40
0.06 37.40
0.09  38.88
0.13  35.20
0.06 26.70
0.05 31.80
0.14  22.00
0.06 23.00
0.08 25.88
0.18 19,9
0.07 18.00
0.03 19.90
0.5 42.00
0.40  38.50
0.19  27.66
0.00 1.28
0.49 110.50
4 4
0.12 28.04
0.1 21.14

COPPER MANGANESE SODIUM

(mg/1)

0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.01
0.00
0.01

0.01

0.01
0.01
0.01
0.00

0.01

0.01
0.01
0.11
0.01
0.03

0.03

0.00
0.93

0.04
0.14

(mg/1)

2.30
2.2
1.98
0.02

1.63

3.4
0.02
0.07
0.06

0.85

2,53
3.9
2.23
2.20
2.02

2.47

1.34
1.54
1.18
0.80

1.22

1.08
0.95
0.79
8.35
5.78

3.39

0.02
8.35

2.24
1.91

(mg/1)

37.0
37.5
37.5

3.2

28.8

4.0

3.8
3.8
3.8

13.9

43.5
47.5
33.0
5.5
2.0

35.5
15.5
18.5
18.0

6.8

14.7

16.5.

20.0

3.8
33.5
31.8

21.1

3.2
47.5

20.3
11.9

SULFATE
(mg/1)

491
450
430
187

390

588
182

539
616
505
479
426

513
353
359
345
328
314
385
i110

1020

625

182
1485

457

pH SUSPSOLIDS FLOWRATE TEMP

7.68
7.56
7.29
7.92

7.61

7.26
7.47
7.45
7.41

7.40

6.98
7.19
7.50
7.50
1.70

7.37

7.02
7.45
6.92
7.13

7.13

7.37
7.2
6.98
6.%4
6.88

7.08

6.68
7.92

1.2
0.28

(mg/1)
8
2
9

1

-

-l N~

10
2
15
16

15

mRES

SN RR

1670

75
250

(1/5) (deg C)
81.8 9
91.0 7
110.7 7
81.8 10
91.3 8
97.0 1
51.7 5
51.7 2
51.7 3
63.0 4
97.0 7
S

119.8 4
4

81.8 3
9.5 5
81.8 2
81.8 3
81.8 1
81.8 2
81.8 2
2

3

1

3

1

2

0.0 1
128.8 10
45 4“4
62.4 4
39.4 3
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FOR SAMPLE SITE: X23

DATE OF AMMONIA CYANIDE

SAMPLE

07-Jan-87
15-Jan-87
20-Jan-87
28-Jan-87

MLY AVG

03-Feb-87
10-Feb-87
17-Feb-87
24-Feb-87

MLY AVG

03-Mar-87
10-Mar-87
17-Mar-87
24-Mar-87

MLY AVG

01-Rpr-87
07-2pr-87
14-2pr-87
20-2pr-87
28-Rpr-87

MLY AVG

05-May-87
12-May-87
19-May-87
26-May-87

MLY AVG

04-Jun-87
11-Jun-87
16-Jun-87
26-Jun-87
30-Jun-87

MLY AVG
06-Jul-87
13-Jul-87
20-Jul-87
28-Jul-87

MLY AVG

(mg/1)

0.25
0.77
0.56
0.56

0.54

0.55
0.56
5.5
1.76

2.11

0.58
3.3
1.47
4.26

2,39

9.80
4.46
7.%0
5.62
2.46

6.05

13.30
7.36
8.50
3.32

8.12

1.89
1.39
1.90
1.26
0.95

1.48
0.78
0.81
0.79
0.75

0.78

(mg/1)

0.01
0.00
0.01
0.00

0.01

0.00
0.00
0.01
0.01

0.01

0.00
0.02
0.01
0.00

0.01

0.02
0.02
0.01
0.00

0.01

0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00

0.00

LEAD
(mg/1)

0.03
0.00
0.00
0.02

0.01

0.01
0.01
0.02
0.02

0.02

0.02
0.00
0.00
0.03

0.01

0.05
0.02
0.05
0.04
0.08

0.05

0.13
0.09
0.20
0.10

0.13

0.03
0.05
0.13
0.01
0.01

0.05
0.01
0.03
0.03
0.03

0.03

FARO MINESITE

ZINC
(mg/1)

37.50
31.30
31.00
26.50

31.58

22.10
29.60
12.00
14.00

19.43

13.80
10.30
16.60

8.50

12.30

9.40
11.40
19.80
20.40
20.60

16.32

40.00
44.90
37.40
37.30

39.90

25.10
21.80
35.80
32.40
30.80

29.18
28.40
28.00
28.60
27.%

28.23

COPPER MANGANESE SODIUM

(wg/1)

0.02
0.02
0.02
0.02

0.02

0.01
0.00
0.00
0.01

0.01

0.10
0.00
0.00
0.00

0.03

0.01
0.07
0.02
0.02
0.04

0.03

0.02
0.01
0.04
0.01

0.02

0.00
0.01
0.03
0.00
0.01

0.01
0.01
0.01
0.00
0.00

0.01

(mg/1)

8.31
11.30
8.95
9.18

9.4

7.33
10.30
2.60
3.80

6.01

4.02
2.88
6.87
1.98

3.4

2.31
3.45
" 3.86
3.40
8.60

4.32

4.70
5.05
4.56
4.63

4.74

4.74
4.75
5.20
10.70
11.50

7.38
10.60
11.95
11.70
12.25

11.63

(wg/1)

29.0
34.0
29.5
29.0

30.4

24.5
33.5
16.4
16.9

2.8

15.5
17.3
22.5
14.4

17.4

19.8
15.4
20.0
18.0
16.5

17.9

18.7
20.0
19.5
14.7

18.2

13.6
2.0
21.0
3.5
3.5

271
34.5
36.0
37.0
37.5

36.3

SULFATE
(mg/1)

1190
1250
1055
1115

1153

1010
1145
547
641

836

644
S22
837
415

605
487

605
559

553

782
784
749
738

763

748
796
1040
1400
1385

1074
1380
1440
1410
1470

1425

pH SUSPSOLIDS FLOWRATE  TEMP

1.2%
6.97
6.77
7.00

7.00

7.01
6.9%
6.95
6.77

6.92

7.34
7.31
7.16
7.07

1.2

7.57
7.03
6.83
6.83
1.46

7.15

7.36
7.52
6.74
6.77

7.10

7.14
7.00
6.11
7.05
6.88

6.84

7.31
7.13
8.40
1.16

(mg/1)

(7] W N Nw»;
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(1/s) (deg C)
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FOR SAMPLE SITE: X233

DATE OF RAMMONIA CYANIDE

SAMPLE  (mg/1)
04-lug-87  0.95
11-2ug-87  0.97
18-2ug-87  0.89
X-dg-87  0.76

MLY AVG 0.89

01-Sep-87  0.83
08-Sep-87  0.70
15-Sep-87  0.67
21-Sep-87  0.84

MLY AVG 0.76

02-0Oct-87 0.63
06-0ct-87 0.67
13-Oct-87 0.76
20-0ct-87 0.78
27-0ct-87 0.78

MLY AVG 0.72

03-Nov-87 0.74
10-Kov-87 1.29
17-Rov-87 0.76
24-Nov-87 0.85

MLY AVG 0.91

01-Dec-87 0.80
09-Dec-87 0.50
15-Dec-87 0.85
23-Dec-87 0.78
30-Dec-87 0.61

MLY AV6 0.1
ZEEEEZ~§EEIEAR¥:

YEARR MIN 0.25
YEAR MAX 13.30
# ANALYSES 52
YEAR AVG 2.13

YEAR STD DEV = 2.74

(mg/1)

0.00
0.00
0.00
0.02

0.01

0.02
0.01
0.00
0.00

0.01

0.00
0.03
0.00
0.01
0.02

0.01

0.00
0.00
0.00
0.00

0.00
0.01
0.00
0.01
0.00
0.00

0.01

0.00
0.03

47

0.01
0.01

FARO MINESITE

LEAD ZINC
(mg/1)  (mg/1)
0.05 26.10
0.02 24.70
0.02  26.50
0.05 28.70
0.04 26.50
0.01 27.90
0.01 27.00
0.01 26.60
0.00 26.50
0.01  27.00
0.00 25.10
0.00  25.50
0.01  24.90
0.00 24.70
0.00  24.50
0.01 24.%4
0.00 ".24.10
0.00  23.50
0.00  21.%0
0.00 22.20
0.00 22.93
0.01  20.90
0.01 19.60
0.12  27.60
0.15  37.50
0.15  27.50
0.09 26.62
0.00 8.50
0.20  44.90
52 52
0.04  25.32
0.05 7.82

COPPER MANGANESE SODIUM

(mg/1)

0.00
0.00
0.00
0.01

0.01

0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
6.00
0.00

0.00

0.00
0.00
0.00
0.00

0.00
0.01
0.01
0.11
0.02
0.02

0.03

0.00
-0.11

52

0.02
0.02

(mg/1)

11.00

3.95
11.25
11.85

11.01

11.50
12.15
12.35
12.45

12.11

12.70
15.30
12.70
13.15
13.00

13.37

12.75
13.10
13.00
13.15

13.00
13.00
12.75
13.00
12.80
12.60

12.83

1.98
15.30

52

9.17
3.88

(mg/1)

34.0
34.0
38.0
41.5

37.1

41.5
41.0
42.0
42.0

41.6

41.5
42.0
41.5
42.0
42.0

41.8

43.0
42.0
40.5
40.5

41.5
39.5
40.5
34.3
33.3
28.7

35.3

14.4
43.0

52

30.6
9.8

SULFATE
(mg/1)

1385
1360
1435
1510

1423

1505
1505
1510
1485

1501

1470
1500
1500
1485
1480

1487

1490

1480
1470
1350

1448
1465
1455
1830
1550
1740

1608

415
1830

52

1158
391

pH SUSPSOLIDS FLOWRATE ~TEMP
(1/s) (deg C)

7.10
7.12
7.06
7.08

7.08

7.08
6.94
6.87
7.06

6.99

7.00
7.32
7.40
7.63
7.91

7.45
7.39
7.50
7.07
7.24

7.30

.1.26

7.35
7.64
7.78
7.33

7.47

6.11
8.40

52

7.17
0.35

(mg/1)

N N W= N N W N = =N [ S =W N ~N PR N ]

WO WwWwN

148

52

21

0.0

0.0

0.0
0.0

0.0
0.0
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APPENDIX 2

BIOASSAY RESULTS




CURRAGH RESOURCES

2-41-100-077-~87003
96~h STATIC LCS50 BIOASSAY RESULTS OF
.28 XB :
SAMBLE TAK SAMPL H .
] xvso 987 WLE§ . 7% men
SHELE RECELveD: v ke 1387 RAMPLE CONSUCTANCE” 1000 umhozem

THE 96-h LCEO FOR THIE SAMPLE WAS >100 Sv/v

L T F TEST PERCENT §
INIT  FINAL IB% &N' CONC LRVIVAL

PR pH ma/1 mgh fv/v  24h 48h 72h O6h
SAPLE ., 7.2 7.5 9.6 9.6  100.0 100 100 60 60
CONTROL 6.1 6.2 9.5 0.6 100 100 100 100

= - - -

TEST CONDITIONS

Bi conducted according to STANDARD METHODS FOR
Ex%‘v'zfmﬁom oF i mgn Tl R Ly S I L b

Number of test f1sh . Tast temperature () 1B.0
Test volume (Yiters) 10.0 Test solution pH not adjusted
TEST FISH ' .
Juvenile Rainbow Trout (Sa1§o {

- Acciimated to temgerature . - .)
Waight 0.22 +/ Length 3.2 +/- 0.1 <m

Duplicate reference toch’nt fsod1¥ genta oro?henate\
b1oa;?a s were conducted in order o E olerance of

sh stock. These tasts gave 96-h LCSOQ vatues of
100 ug/Y (90, 110) and 100 ug/} (?O, 110)

DILUTION WATER {Vancouver dechlorinated tap uater) :

Alkalinity (mg CaC03/1) 0.8
EDTA hardness {mg CaC03/1)
Tota! suspende s0 1ds {(mg/1)

ogc‘!uggance ?E /Cm m 0. 025

* Other parameters avaflable on request.

6+n LCEO 15 tha 96-h 1ethal concantration for 503 mortalit
Sg nd 96-? L50 (medfan tol rance 11m1t‘ T
ence s are n parentheses. Vatues were calculated

u ter Tol1 ou?n « Stephens "Mathods for Calculatin
b L°"'B PR B BRI b

ANALYST B.C. RESEARCH
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CURRAGH REEOURCES

: 2-41-100-077-87004
96-h STATIC LCSOQ géOASBAY‘RESULTS OF

/A 18
SAMPLE TAKEN: Serovar SHPLE pH 7.3
$AMPLE RECEIVED: May 1, 1987 SAMPLE D.0. 6.2 mg/1
TEST STARTED: My & 1087 SAMPLE CONDUCTANCE' 1300 umho/cm

THE 96=h LCBO FOR THIS SAMPLE WAS 3100 3v/v

INIT FINAL TEST
IQET FINAL 00 0o CONC

PERCENT SURVIVAL o
pH ng/1  mg/ lvlg

24h 48h 72h 9Bh

SAMPLE - 7.3 7.5 9.4 9.6

100.0 100 100 100 100

CONTROL 8.1 6.2 9.8 9.6

- - -

100 100 100 100

TEST CONDITIONS

Biosssays conducted uccording to STANDARD METHODS FOR THE
EXAMINATION OF WATER AND WASTE NATER, 16¢h edition, 1980
APHA - AWWA ~ WPCF.

Number of test fish 10 Test temperature (C) 16.0
Test volume (Yiters) 10.0 Test sotution pH not adjusted -
TEST FISH

Juvendle Rn1nbon Trout | airdneri)
Ae:1imat 50 arature . - .
Weight 8 22 +/- 0.03 ¢ Langth 3.2 +/= 0.1 ¢ca

Duplicate reference tox1c$nt (sod1 ntagg1oroqg:2=§=)°

?&°‘??‘ ¢ ”SEﬁ =°ge:§ % ste g :r : 0 valuas ef
188 177 TEB 1 0NesR, 885" 00y 9B; 1&@?
DILUTION WATER (Vancouvar dechlarinated tap water)

Alkalinity (mg CaC03/1) 0.8
EDTA hardness fmg CaC03/1) ;;g
Tota1 suspen e so1ids fmg/]) .
E g ne n D.DD%
ance umho/cu 2

Other parameters availeble on request.

96-h LCB0 1s the §6-h lethal concentration for 650X morta11t¥.
Synonyms are TLm86 and 96-h TL3Q (median tolerance 1imit], The
25% confidence limits are in parantheses. Values were calculated
by comsuter followin 3 C.E, Stephens “Methods for Cu1cuint1nn

an LCBD" (ASTM STP 5 4. 1977,

ANALYST B.C. RESEARCH



CURRAGH RESOURCES
2-41-100-077-87007
86-h STATIC .LCBO §§OASSAY RESULTS OF

87Nt/
SAMPLE TAKEN: A AMPLE pH .
SAMPLE RECEIVED: Aug B, 1987 §AMPFEB é&c i
TEST STARTED: ~  Aug 6, 1987 WLk eaReuctike®® Y500 umnoscm

THE 96~h LCBO FOR THIE SAMPLE WAS 3100 Zv/v

INIT FINAL TEST PERCENT SURVIVAL

INIT F
e B 00 (K o
SAMPLE 7.8 7.9 9.6 9.6  100.0 100 200 100 100
9987595-- §.1 6.3 0.8 2.8 100 100 100 100
TEST CONDITIONS
Bioassa s conducted according to STANDARD NET S FOR THE
RAHTON"OF ATER ARD WASTE WATER, 15th edition, 1980
PHA AR - WPCF
Number of tagt figh 10 Test tomnerature (Cl 15.0
Test volume (liters) 4,0 Test solution pH not adfusted

~ TEST FISH

e felobe oot Loafgrpatedgag)
e u
Weignt 0.25 +/-0.08 ¢ = ' Length ~'3.2 +/- 0.1 ca

ngl1cate referenc toxic?nt {sadium acn’oroqhenate)
cassays were condut n order §-n r’nce of

the Tis hese ests gave §
£820 ug/t (ef 8, 88.7) ‘and 01.3 ug/1 (eo o,viogf

DILUTION WATER (Vancouver dechlorinated tap matar)

Alkalinity (mg CaC03/1 3.0
AR L
0 suspende
Res?dual chlor ’ Smg 0.6
Conductance (umho cu 15

Other paramaters available on recuest.

96-h LCS0 s the §6-h Tethal concentrlt1on for S50% mcrtt1it
%nonyms are TLm36 and 96<h TLBO (madian to1nranca Vimi iculhged

é ‘céﬁgf. {Rnea{ontng LE, ‘Et Shens iMetnods For BancuTasihg
LGS (ASTM STP 634, 1 _=

ANALYST . ' 8.C. RESEARCH
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CURRAGH RESOURCES

2-41-100~077-87008
96~h STATIC LCBO %MSSAY RESULTS OF

sg"s‘?t%ﬁ??g‘?m‘ & Ngéu 18 wrteE ggomuc%c's""aoo unho/cm

THE 96-h LCBQ FOR THIS SAMPLE WAS 2100 %v/v

il INIT  FINAL EST  PERCENT SURVIVAL
INIT  FINAL B& 00 A viv
pH pH mg/l  mgN Yv/v  24h 4Bh 72h 98h

SAVPLE 8.0 8.0 9.0 9.5  100.0 100 100 100 0

CONTROL 7.0 7.2 g.4 9.6 100 100 100 100

it O e L e i w0 > >

TEST CONDITIONS
Exﬂﬁmﬁoﬁ%ﬁ‘“ﬁ?ﬁa’ R AT TR B e eqan, "ok

yum Vo f “ﬁigrs) 10}8 ¥esu so‘?ﬁ%?%ﬁ“m #.5% adju%gis
TEST FISH
RerileafeiobenTrot (g0 apjranect)
Weight 0.50 +/- D.10 g Length 4.0 /= 0.3 cm
£
B“’é&%&%*s &&S“SS&E@S&‘?R%@"‘”% es"%'sn;"s oeance of
g ?tosk. These tesg va ues of

. ug/ (90, 120) and 91.2 ug/? (80. 20)

DILUTION WATER (Vancouver dechlorinated tap water)
. A'lka'hn'lty {mg Ca COSI'I& g&g
A_hardnes 03/71) .

1 1
s bl e
Conductance (unho/cm 8
Other parameters avatlable on regquest.
i %Cm%‘;’a ’5&“&’ 88‘?“‘3?2?1"% °$a§€§ ﬁm}" he
g con§1 ence 1m s arE in parent §eS., es were ca éuTated

by cg uter follow hens "Metnods or Calculating
an LESDY (AS?MSPB . 157
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CURRASH RESOURGES

2-41-100-077-87000

'98-n STATIC LC50 %msw RESULTS OF

SAMPLE EN g”"v
SAMPLE ;ééEI§EDx gep <20, 1387 EE B
TED: Sep 26, 19987 SAMPLE CO

; 8 mg/1

UCTANCE™ 800 umho/cm

THE 96-h LCBE0 FOR THIS SAMPLE WAS >100 %v/v

"TINIT  FINAL  TEST
e FnaL bSO CERE
pH pH mg/l  mg viv

—— - -

PERCENT SURVIVAL
24n 48h 72h 96h

SAWPLE B0 8.3 9.6 9.6 1000 _

100 100 100 100

CONTROL 7.0 7.2 8.4 9.6

- - -

100 100 100 100

TEST CONDITIONE

3‘°"?~i¥ioﬁ"BE"ﬁk%‘én'af\s'ﬁag?e‘ﬁa?&mﬂ%n“éa 3 ‘0"9%3‘
est vo Emﬁe?%1{;:2, 10.8 Tes% Eolht1g§upﬂ noz adjusgeg
TEST FISH
s Tnie Belobon feout QuERoicer
Weight 0.60 +/- 0,10 g Length 4 0+- 0.3 c¢m
Pysiicate referance texicynt ‘32‘"%‘ B‘"%‘ER“’??Q%QREE‘«
ihe fis itogk. These tests gave S68-h ? values of
07,5 ug/t (90, 120) and 81.2 ug/1 (80,
DILUTION WATER (vancouver dechlorinated tap wmater)
Alk ty CaC03/ .
EDTa'12; negggémg Ea Oélm& ;.
Tota1 suspende 011ds /1) <d,
Res{dual chlorine (mg/ 0.0

Conductance (umho/cm
Other parameters available on request.

Snonyhs-are 1Cn8 and SE-h TLED {nedlan tojerance Timi t}"‘i‘ﬁe

S confidence 1imits are in parentheses., Values were ca

culated

ax EE?Bgt?AS¥51 onwing C.E,. ;tephena Methods for Calculating

TP 634. 197

S AES
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" CURRAGH RESOURCES
2-41-100-077-87010
96-h STATIC LCSO %OASSAY RES.TS OF

3%1'5 wéﬂvem gg]\(l 30. 1987 WLE BH 7

TEST STARTED: Dec 1 SAMPLE conéucrmcs 1550 umho/cn

THE 96-h LCSD FOR THIS SAMPLE WAS 2100 Sv/v

I 'féngr FIWL  TERT  PERCENT SURVIVAL |
U o N R T T T |

SAMPLE 7.6 7.5 9.4 9.4  100.0 100 100 100 100

CONTROL 6.1 6,2 9.8 10,2 100 100 100 100

TEST CONDITIONS

Bioassays conducted lccarding to STANDARD METHODS FOR THE
EXAMINATION OF WATER AND WASTE WATER, 15th edition, 1980
APHA = AlWA - WPCF,

Number of test fish 10 Test temperature (C% .O
Test volume (11ters) 10.0 Test solution pH not adjuste
TEST F1SH

Juvenﬂs sa'mbou Trou% Saimo gairdneri)
(Tl ATevEYsbo, sempetatyT™ o T Toeh 0.0 4/- 0.3 cn
Dup‘l'lcete reference toxicant (sodium gentach‘lorothnlte)

2 oaﬁ c‘mductgg ln order t&o 1 ole o,l'u::e of
189.5 /1 ?80. 120} and 61.5 ug/ (so. ) |

DILUTION WATER (Vnncouver dechlorinated tap water)
é& Tinity (mg CaC

hardness 8'“20 gf? ) (g:s

;23?7 5usgende 0 20
dus? «002
Conductanca rn‘:o cﬂ? 15

Cther paraneters available on regquest,

96-h LCBO is the 95-h lethal concentration for 50% mort 1t¥.

gﬂbﬂm are TLm96 and 95-? TLEO (median t& unce qu M
Mence ® on Mt’ u‘e g glg:nghs:i&:. Vl \f.lga E:ﬁuggt ngtOG

Rl T A AR T 9

ANALYST ' 8.C. RESEARCH
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CURRAGH RESQURCES
, 2-41-100-077-87011
§6-h STATIC LC50 ggOASSAY RESLLTS OF

SRCE Mo B m BRI B die o wmeren

THE 08-h LCBO FOR THIS SAMPLE WAS 100 Sv/v

o . INTT “TFINAL  TEET  PERCENT SURVIVAL
INIT FINAL D 50 ¢ oA
FH pH mg/1 wmg/t . Sv/v 24h 48h 72h 9Bh

SAMPLE 8.0 8.3 10.0 9.8 100,00 100 100 80 170
CONTROL 6.1 6.5 10.0 9.8 100 100 100 100

TEST CONDITIONS
din

Exﬁ'ﬁ‘“ foﬁ"ﬁ? ?ER" B AT R TR A T R o OToBHE
Numb f tast fish 10 Test ¢ t c 15,
Test volume (1iters)  10.0 T2k SSTDETAEUTA SSY adjusted
TEST FISH
R A b R A 7 e

height 0.49 ¢/~ 0.1 g Length 3.8 +/- 0.3 cm
§¥h§3§~§‘§s§2$§'2§§eu§%:§‘ER‘JE Fiv Geg E‘%ﬁ“’i:?‘&%&%&é’of
BB 10 5185%y, 15855, te st s BRY e 3% (588 104es, "
DILUTION WATER (Vancouver dechlorinated tap water)
e ini .l & “" ”

otal 8 pendeé ?ds sn!gﬂ) d.

as dua chlor ne
Conductance (umho/cm
Other parameters available on requast.

Bbobattald $T0000 0800 TR TE1,R0R FTRE] s
9 ) 4 conf1den$° imits are in Darentheses. Val Ee'lcu atsuhted

¢ ter N3 $ “Methad
aX Eesp Thsth 5PF 8d4. " 77} eonens oes

ANALYST % ,; .

.
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CURRAGH RESOURCES
2-~41-100-077-87012
96—h STATIC LCBO BlgASSAY RESULTS OF

%‘CE g EC IVED: 3§§ 18, 1087 % E élzc
EST STARTED:  Dec 19, 1987 L 1700 umho/cn

THE 96~h LC50 FOR THIS SAH’LE WAS >100 Sv/v

- P 65 B W ”~»

INIT F PERCENT SURVIVAL
Ig!!l'r F:HNAL mgé'l mgg:'. é% 24h 48h 72h 96h

——— o o o o e dh et S w ke O B

SAMPLE 7.9 8.2 9.5 9.6 100.0 100 100 100 100

b or

— e e -

CONTROL 8.1 6.5 10.0 9.8 300 100 100 100

TEST CONDITIONS

h edition, 1950

S FOR
Ew 6““ onducted aﬁchb:rﬁzg?et& _?Eé‘ lllgg I\ET 0
16.
?:"‘%’50?5,"3‘*?%1 l?’,‘) 10:8 fesk tovpesosvon ASY acsuited
TEST FISH
T {Salmo g g e

Acv??;;gega m3232§ur 2 mo 3jeds ri)

ght 0.50 /- Length 4.0 4/~ 0.3 cm

toxd
By et e re e Conductad Tn ordes to be E‘%Re" 2?2%%:’of
the fish stock. hgse tesgg gava 95-h Lc50 values of
107.5 ug/1 (80, 120) and ug/1 {60, 120)
DILUTION WATER (Vancouver dechlorinated tap mater)
g&#x‘hﬂlsz.iﬂgsﬁgcgaéééza; .gig
Cet s e nTorine (mas1i™’ V) N
Eonductance ?umgo/cm?

Othar paramaeters avaﬂabh on reguest.

IR P ETRIOLIES0 W,
con ance mits anr are

by co;Butcr follening E1E 5 Stgpheﬁs Pethots for bereufaesadt
an LCOUY {ASTM

ANALYST : . 8.C. RESEARCH




APPENDIX 3

GROUNDWATER MONITORING PROGRAM RESULTS
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A. LICENCE GROUNDWATER SAMPLE SITES

&
T

iSITE LOCATION DATE PH cu PB IN ] NA 504 §
H ag/L ag/L ag/L g/l ag/L g/l |}
11164 BY ROSE CREEK, DOMNSTREA®  09-Jun-87 7.45  0.008 0,011  0.045  0.208 3.4 & |
X164 OF CROSS VALLEY DAM 01-0ct-87 .16 0.002 0.032 0.087 0.35 2.8 18§
H A-5N !
iX168 B-30MH 09-Jun-87 7.79  0.005 0,006  0.021  0.008 3.5 !
$X16B 01-0ct-87 7.87  0.000  0.007 0.014  0.005 40 21
1174 DONNSTREAM OF 09-Jun-87 .70 0.004 0,005  0.016  0.005 4.0 14 |
X178 £ROSS VALLEY DAM 01-0ct-87 7.83  0.000 0.005  0.020  0.007 44 2 |
H A-5HN !
HiY) ] B-20H 09-Jun-87 .76 0.004 0.006 0.013 0.147 3.3 20 |
H $¥/ ] 01-0ct-87 7.7 0.000  0.000 0.009  0.132 3.2 -
11188 NORTH OF CROSS 10-Jun-87 703 0.004  0.000 0.026 0.4 35.9 281 ¢
X188 VALLEY DAN, B - 20 N 01-0ct-87 7.5 0.002 0.011  0.024  0.284 25.0 188 |
X214 BY OLD TAILINGS POND §0-Jun-87 6,68 0,004  0.000 1,550 28.500 92.0 1175 |
H DECANT, A - 10X i
X218 B-27H 10-Jun-87 7.94 0,003  0.007 0.021 (.50 13.1 127 |
H !
H Valx C-40N 10-Jun-87 7.09  0.004 0.000 0.219 8.8 28.0 {11
[} ]
[ [}
$X24R INTERMEDIATE DAM, NORTH 01-0ct-87 7.66  0.004 0,000 0.024 3.200 98.0 74
H A - SHALLDN !
1524 B - DEEP 01-0ct-87 7.37  0.003  0.000 0,022 1.500 87.0 532 4
] )
[ s
1X25A 09-Jun-87 7.96  0.004 0.000 0,310 2.830 78.0 U
11258 INTERNEDIATE DAM, SOUTH 01-0ct-87 7.36  0.003  0.000 0.026  0.183 14.1 24 ¢
H A - SHALLOW !
1X258 B - DEEP 09-Jun-87 7.49 0,014  0.007 0.013  3.090 74.0 793 4
11258 01-0ct-87 7,96 0.000 0,000 0,010  0.610 4.4 81 |

-




-

B. ADDITIONAL GROUNDWATER SAMPLE SITES

) 4

ISITE  LOCATION DATE PH v PB N N vNA 504
E ag/L eg/L ag/L ag/L ag/L ag/L
;P81-09 NORTH OF PUMPHOUSE POND  09-Jun-87  7.5%  0.023  0.007  0.030  0.010 3.6 11
5P81-09 01-0ct-87  7.54  0.003 0.019 0.073  0.017 2.6 3
ECVDC 45 CROSS VALLEY DAM CREST 01-0ct-87  7.20  0.003  0.000 0.023 4220 9.0 495
ECVDC 4D §U§T:HALL0H, D - DEEP 01-0ct-87  7.68  0.000 0.005 0.046  0.03b 9.1 215
}CVDC 75 [CROSS VALLEY DAM CREST 01-0ct-87 7.36 0,002 - 0.000 0.016 4,510 36.0 314
ECVDC 70 gI? SHALLOW, D - DEEP 01-0ct-87 7.46  0.003  0.000 0.022 4,400 83.0 617
ECVDC 95 CROSS VALLEY DAM CREST 01-0ct-87 7.77  0.000  0.000 0.028 0,040 8.4 78
ECVDC 90 gnqrgﬂéLLGH, b - DEEP 01-0ct-87 7.710 0,002  0.000  0.017 0,078 17.4 183
ECVDT 1 CROSS VALLEY DAM TOE NORTH 01-Oct-87  7.90  0.002  0.000 0.011  3.920  84.0 456
ECVDT 2 CROSS VALLEY DAM TOE SOUTH 01-Oct-87 7.1 0,003 0,000 0.016 2,220 68.0 417
}ID 45 INTERMEDIATE DAM 01-0ct-87 731 0.006 0,000 0.084 4,730 67.90 487
EID ] :X? SHALLOW, D - DEEP 01-0ct-87  7.71  0.004  0.000 0.017 0,083  71.0 609
%81—040 OLD TAILINGS DAM, DEEP 01-0ct-87 46,85  0.003  0.023 0.072 12,400 100.0 333
EBS-ZB DRIGINAL TAILINGS POND 01-0ct-87 9.22 ‘ 0.002  0.009 0.009 0,008 38.0 5
}83—26 DRIGINAL TAILINGS POND 01-0ct-87  7.57  0.009 0.027 0.07% 0.072 175.0 506
}83-3A OLD TAILINGS POND 01-0ct-87 5.42  0.011  0.400 165.000 35.100  195.0 1940
;33-38 OLD TAILINGS POND 01-0ct-87  3.15  0.710 1,700 S2.500 14.900  283.0 1470
%83—43 OLD TAILINGS POND 01-0ct-87  7.53 0.008 0.117 0,790 0.175 9.0 114
EKlo ORIGINAL TAILINGS POND 01-0ct-87  6.23  0.006  0.137 2,340  0.670  28.0

;KIZ ORIGINAL TAILINGS PORD 01-0ct-87 7.06  0.002 0.084 0.330 0.092 48.0 119
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APPENDIX 4

1987 PERFORMANCE MONITORING OF THE
DOWN VALLEY TAILINGS PROJECT, FARO MINE

PREPARED BY GOLDER ASSOCIATES
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Report to
CURRAGH RESOURCES LIMITED
On The
1987 PERFORMANCE MONITORING
0f The
DOWN VALLEY TAILINGS PROJECT
FARO MINE
Faro, Yukon Territory

DISTRIBUTION: 12 Copies - Curragh Resources Limited
Whitehorse, Yukon Territory
1 Copy ~— Steffen Robertson and Kirsten (B.C.) Inc.
Vancouver
2 Copies - Golder Associates
Calgary, Alberta
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CONSULTING GEOTECHNICAL AND MINING ENGINEERS

March 15, 1988 Ref. No. 872-2407

Curragh Resources Limited
117 Industrial Road
Wnitehorse, Yukon Territory
Y1A 2T8

Attention: Mr. H.M. Visagie

RE: 1986 PERFORMANCE MONITORING OF THE
DOWN VALLEY TAILINGS DAM

Dear Sir:

We are pleased to provide this report on the geotechriical and thermal
performance of the Down Valley Tailings Project during 1987. Our
conclusion is that the elements of construction constituting the
tailings storage and creek diversion systems are continuing to perform
well. The reduced monitoring intensity recommended in 1986 can be
carried forward with only minor exceptions.

The contribution of Curragh Resources staff and your independent
consultant, Mr. N.G. Cornish are gratefully acknowledged.

We look forward to a continuing involvement with the assessment of the
Down Valley Project, and to Curragh Resources maintaining a keen
interest in the project.

Yours very truly
GOLDER ASSOCIATES

/fo —C- (;

B. Leach, P. En N
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1.0 INTRODUCTION

The Curragh Resources' Faro Mine (formerly Cyprus Anvil) Down Valley
Tailings Project consists of three major components ~ the Diversion
Canal, the Intermediate Dam and the Cross Valley Dam. An extensive
geotechnical monitoring program was initiated December, 1981, and is
continuing on an ongoing basis. This report presents an assessment of
the results of this program up to the end of 1987. The monitoring data
reviewed in this report is presented in the.accompanying data volume
prepared by Mr. N.G. Cornish, P. Eng., (formerly an employee of Cyprus
Anvil Mining Corporation) and now a consultant to Curragh Resources.

2.0 1987 MONITORING PROGRAM

The program of monitoring the Down Valley Tailings Project facilities

during 1987 consisted of the following: -

. Owner observation of thermistors, slope  indicators, and

piezometers along the diversion canal in September/October.

. Owner observation of thermistors and piezometers in the Cross

Valley and Intermediate Dams in October.

. Owner observation of stream flows in the diversion canal and at

the toe of the Cross Valley Dam.

. A field inspection by Mr. H.G. Gilchrist of Golder Associates
during the period of September 29 to October 2, 1987.

A plan of the project layout and the monitoring locations is presented
in Figure 1 of this report. It is also noted that Mr. Cornish was
intimately involved‘with Curragh Resources personnel in their assumption

of responsibility for obtaining the 1987 field performance data.

Golder Associates
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3.0 DIVERSION CANAL

3.1 Canal Dyke
3.1.1 Thermal Regime

The thermal regime observed in September 1987 is summarized in Table 1.
Examination of the data presented in Table 1 indicates that generél
warming trend observed in previous years has abated along significant
sections of the canal dyke. Of the fifteen thermistor strings monitored
along the canal dyke, eight of these thermistor strings, although still
thawed along their entire depth, were recording temperatures somewhat
colder than those observed in 1986.  #ive of the thermistor -strings
indicated warmer conditions than 1986, and the remaining two strings
indicated thermal regimes essentially unchanged from 1986. The mean
monthly temperatures recorded at Faro Airport during 1987 were almost
-identical to those recorded during 1986. Consequently, it is considered
that the recording of temperatures lower than those observed in 1986 in
certain thermistor strings may be due to instrument drift in the

monitoring unit.

Between chainages 0+000 to 1+705 (CD17) the thermal regime is consis-
tently cooler than 1986, indicating fhat canal seepage may be minimal
along this reach of'the diversion canal. Between chainage 2+900 (CD28)
and 3+130(CD30) the thermal regime is consistently warmer than 1986
indicaﬁingvthat canal seepage may be continuing to significantly impact

the thermal regime along this reach of canal.

From chainage 1+705 to 2+900, the changes in the thermal regime compéred
to 1986 are variable. Thermistor strings CD20, CD26 and CD27 are
slightly colder, CD19 and CD24 are generally warmer, and CD21 and CD25
are similar to thebtemperatures observed in 1986. This vahiation in
thermal regime probably reflects the differences in soil conditions and

hence impact of canal seepage along this reach of the diversion canal.
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3.1.2 Piezometers

With the exception of the deep (11.3 metres) piezometer at CD4, all the
piezometers along the canal dyke ihdicate that water levels have dropped
relative to 1986 elevations. The decrease in water levels was typically
in the range of 0.1 to 0.5 metres. However, at piézometers CcD19, cCD21
and CD29 decreases in water levels were 0.84, 2.36 and 0.84 metreé
respectively. It is considered that the generally lower water levels
observed in October 1987 compared with 1986 may be due to climatic
differences between these years. Total pfecipitation records for Faro
Airport are presented in Table 6. Examination of the data presented in
Table 6 indicates that whilst precipitation from April to October 1987
was 313.8 mm compared with 282.9 ~mm-in 1986, the precipitation dufing
the périod August to October was 120.5 mm and 145.8 mm respectively.
Accordingly, the generally lower water levels may be influenced by thé
lower precipitation during August to October in 1987. The three
piezometers that displayed significant decreases in water 1level are
located in areas where the thermal regime in 1987 was either warmer or
similar to that in 1986, Accordingly, it méy be possible that the
decrease in water levels is due to a change in the groundwater flow
regime in these areas, consequent upon a change in the thermal regime.
The thermal regime adjustment could include that occurring beneath the

spoil piles because that would affect seepage conditions.

The apparent increase in water level of 0.63 metres in the deeper
piezometer at CD4 may be a response to regional groundwater flow
conditions in the valley side, whereas the response of the other

shallower piezometers is dominated by the operation of the canal. —
3.1.3 Ground Movements
No ground survey of ground movement stations was undertaken in 1987.

Three inclinometers designated CD15, CD19, CD21 and CD29 were monitored,

and a survey of canal dyke elevations between chainage 2+100 and 2+550
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was undertaken. The horizontal inclinometer movements are summarized on
Table 2.

Inclinometer CD15 indicated a movement of approximately 1 mm away from
the canal compared with a total movement of 17 mm towards it during the
period 1984 to 1986.

Inclinometers CD19 and CD21 displayed a movement of approximately 28 mm
away from the canal, compared with previous total movements of 41 and
30 mm respectively into the canal during thé‘period 1984 to {986. There
are indications from the movement—-depth profiles of these two
inclinometers that there may be a concentration of movement developing
at a depth of between 5.0 and 5.5 metres beneath the crest of the canal
dyke.

Inclinometer CD29 displayed a movement of approximately 25 mm away from
the canal compared with a total movement of some 30 mm also away from
the canal during the period 1984 to 1986. There are also indications
from the movement-depth profile that the movement 1is concentrated at a

depth of approximately 4 meters below the crest of the canal dyke.

The results of the canal dyke crest elevation survey are presented on
Figure 2. With the exception of the data for Stations 2+325 and 2+400
the elevations compare very favourably with the 1985 and 1986 profiles.
The measured crest elevations at Stations 2+325 and  2+400 indicate
settlements of approximately 0.3 metres at both locations. However, the

elevations remain higher than the design dyke crest.
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3.2 Canal Backslope

3.2.? Thermal Regime

No thermistor readings were taken in the canal backslope_during 1987.
3.2.2 Piezometers

No piezometer readings were taken in the canal backslo?e during 1987.
3.2.3 Ground Movement

Inclinometers designated BS17 and BS18 were monitored during 1987. The

results are presented on Table 2. Inclinometer BS11 diéplayed a

movement of 22 mm downslope compared with a total downslope movement of
34 mm during the period 1984 to 1986. Inclinometer BS18 displayed a
movement of 9 mm downslope, compared with a total downslope movement of
25 mm during the period 1984 to 1986. This data would indicate that
movement in the backslope may be increasing in the vicinity of BS11, but

decreasing around BS18.

3.3 Spoil Piles

3.3.1 Thermal Regime

The three thermistor strings designated SP2, SP3 and SP5 were monitored
during 1987, and the results are summarized in Table 3. At thermistor
locations SP2 and SP3 the depth of thaw has increased, and the

temperatures were warmer than observed in 1986.

At SP5 the depth of thaw has decreased, and the temperatures were colder
than 1986.
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The combination of both warmer and colder thermal regimes in the spoil
piles compared to 1986 may indicate that increased seepage from the
canal 1is causing increased thawing at SP2 and SP3. At SP5, seepage
effects may be minimal, and the colder temperatures may reflect
differences between the winters' mean monthly temperatures and also

sSnowcover.
3.3.2 Ground Movement

No survey stations or inclinometers were monitored in the spoil pile

area during 1986.

4.0 CROSS VALLEY DAM

4.1 Thermal Regime

A summary of the thermal regime at the Cross Valley Dam is presented in
Table 4. Thermistor CVDC!1 located in the north abutment was thawed over
its entire depth and temperatures were slightly'cooler than observed in
1986. This perhaps reflects the apparent general trend of cooler ground
femperatures in 1987 compared to 1986. Thermistors CVDT4 ad CVDC11 both
located in the south abutment were generally warmer than ‘19860
Temperatures observed in CVDC11 remain some 2 to 3°C higher than CVDT&,
indicating that canal seepage.may be impacting the backslope above the
south abutment in which CVDC11 is located.

Thermistor 79-20 in the north abutment was thawed _between 2 and 12
metres and temperatures were slightly warmer than observed in 1986,
This may indicate that some seepage is occurring through the north
abutment.
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4,2 Piezometer Readings

In general, water levels observed in piezometers installed in and around
the Cross Valley Dam have decreased in 1987 compared to the 1levels
observed in 1986. Decreases in elevation in water leVels in piezometers
installed through the crest of the dam were typically in the range 0.1
to 0.5 metres. Decreases in water levels of the order of 0.1 metres
have also occurred in piezometers located in the original valley floor

sediments downstream of the dam.

Two. piezometers installed in the southern section of the dam have
displayed increases in water level. The deep hydraulic piezometer at
CDVC9 has increased in level by 2.39 metres and the pneumatic piezometer
CVDP9 at the same location, but situated approximately 14 metres higher,
increased in water 1level by 0.42 metres. The reasons for these
increases in water level at these two ldcations may be related to
adjustment of the base of the permafrost upslope of the abutment, and

its effect on seepage from the diversion channel.

In the south abutment, the water level in CVDC11 dropped by 0.63 metres
compared to 1986. This is of the same order as the general water level
decreases beneath the dam, and is consistent with the pond behind the

dam being operated at levels somewhat lower than those of 1986.

4.3 Ground Movement

No survey stations were monitored in the Cross Valley Dam during 1987.

4.4 Cross Valley Dam Seepage

‘Seepage through and beneath the Cross Valley Dam is captured in a ditch

along the toe qf the dam and measured using three v-notch weirs (W2 and
W3 and W6). The total seepage flows through W3, while flows through W2

and W6 reflect primarily the contribution of the north and south
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abutment areas respectively. The recorded flows are presented in

Table 5. Weir 1, situated south of W2, has not been read for the past 2
years.

The pond elevation during 1987 was similar to or somewhat lower than the
1986 elevation.

A plot of the total seepage flows for Weir 3 with time for the years
1983 through 1987 is presented in Figure 3. The available data for 1987
is monthly a@erage flows, and these have been plotted as horizontal
baré. The 1987 flows through Weir 3 are slightly lower than 1986, which

correlates with the lower pond elevations in 1987.

Flows through Weir 2 during the period May to September 1987 were
comparable with the 1986 flows. The October to December 1987 flows
were higher than in 1986.

Flows through Weir 6 were generally lower in 1987 than in 1986, but the

transition from pipe flow measurement (1986) to use of a V-notch Weir

may have involved some calibration adjustment.

5.0 INTERMEDIATE DAM

5.1 Thermal Regime

Only one thermistor string located in the. south abutment of the
Intermediate Dam was monitored in September 1987. The results indicate
that the ground was thawed over tﬁe full depth of the instrumentation,
and the temperatures were typically 0.8 to 1.2°C warmer than in 1987.
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5.2 Piezometers

All the piezometers monitored in the Intermediate Dam show a decrease in
water level of between 0.05 and 0.35 metres from 1986 to 1987. One

piezometer (IP3) located adjacent to the spillway displayed é decrease
in level of 0.84 metres.

Two piezometers located in the south abutment displayed rises in water

level of 0.11 and 0.18 metres between 1986 and 1987.

6.0 FIELD INSPECTION BY GOLDER ASSOCIATES

The Down Valley Project was inspected by Mr. H.G. Gilchrist of Golder
Associates during the period September 29 to October 2, 1987. Discus-
sions were held with Curragh Resources' Kevin Coombs, Bill Scheding, Ian
Bailey and John Huntley, during the course of the inspection. Mr.
Huntley accompanied Mr. Gilchrist during the entire inspection and on
October 2nd a post-inspection summary tour was held in the company of

Kevin Coombs, Ian Bailey and John Huntley.

The purpose of the site visit was to examine the facilities in detail
for evidence of deficient performance, to provide further basis for
a later review of the frequency of performance monitoring recommended in
1986 to observe maintenance undertaken subsequent to the 1986 inspec-
tion, and to review points of immediate concern with Curragh personnel,

should such arise as a consequence of the inspection.

6.1 Facilities Examination and Required Remedial Works
The principal components of the project (Diversion Canal, Cross Valley

Dam, and Intermediate Dam) were inspected on foot, as was the North

Valley Wall Interceptor Ditch, its diversion point, and its outfall.
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6.1.1 Diversion Canal

The dyke section, top of the backslope, and the shoreline downslope of
the canal were examined in detail. The dyke examination was made to
review the state of visible cracking associated with settlement and to
review toe-of-dyke seepage occurrences. Likewise, the shoreline inspec-
tion was made to review seepage occurrences at that elevation, and to
review the performance of the waste material slopes which, to date, have

been responsive to such seepage.

Top of dyke settlement due to melting of permafrost produced localized
dyke settlement between Sta. 14900 and. 2+700 that was corrected in
mid-1985 as illustrated by Figure 2.

The dyke was apparently graded in 1986, and again in 1987, resulting in
the loss of many of the settlement spikes that wére used for the
observation of ongoing dyke settlement in the vicinity of Sta. 2+000.
Although this makes it difficult to directly relate the cracking pattern
in this area with dyke performance, currently active crécks between Sta.
1+975 and 2+230 makes it clear that dyke settlement is continuing. By
éomparison with the crack mapping done in 1981, it is evident that the
area of cracking is only marginally greater than it was at that time and
thus it 1is inferred that the activity is related to yet incomplete
permafrost thaw—-consolidation, rather than a developing local instab-
ility. It was also noted that the activity is related to yet incomplete
permafrost thaw-consolidation, rather than a developing local instab-
ility. It was also noted for this -local reach that the channel bottom
adjacent to the pilot channel was submerged, whereas at other locations
the flow is contained within the pilot channel. This 1is taken as

further evidence of thaw and associated settlement.
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Elsewhere along the top of the dyke there is minor cracking which
parallels the left edge of the dyke, which is not active, and which is
inferred to be related to the zoned construction of the dyke and its
differential behaviour in response to freezing. Typically, the cracking
runs parallel to the left edge of the dyke, ranging between 0.5 and 2 m
from the edge of the dyke. Cracking in the right portion of the dyke is
not often apparent but, where it occurs it is more random, and it
extends further in Ifrom the edge. This pattern 1is not surprising
because, although the dyke material was sand and gravel, it was placed
over a stripped surface that was sometimes contaminated with excavation
material, particularly between Sta. 1+600 and 2+540, as was noted in

Golder Associates' "As-Constructed" report for the project.

As was noted during the 1986 inspection, the ramp that was cut down the
face of the dyke to gain access to the rock quarry remains to be
repaired, and until that is done, there is hazard to the local integrity
of the dyke.

Inspecticn of the thermal liner along the backslope revealed that
Curragh had recently graded the surface with a motor grader to aid in
gaining access for repair of the erosion gullies. While access was
substantially improved, the activity has served to re-arrange the
established top-of-slope drainage patterns which, in turn, have
determined the location of the erosion gullies. Instructions were left
with site personnel to correct the drainage re—arrangement and it was
suggested that the motor grader be used to construct a cross—slope on
the surface to prevent longitudinal flow and local flow concentrations.
As has been noted in previous years, there remains a need to stabilize
the erosion gullies with riprap materials, and to shape the materials in
a manner which will encourage the drainage not to erode a new channel

adjacent to the repaired gully.
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Also of note from inspection of the backslope was a minor crack in the
top of the thermal linér just a short distance downstream from the rock
quarry. It was situated about one metre to the right of the junction
betweeﬁ the liner and the mountainside cutslope. It is inferred to be
related to permafrost adjustment, and it is noted that the prior grading
of the top of the liner did not proceed past the rock quarry, hence the

age of the crack is not precisely known.

Both Goodall and Cornish Creeks are still trending towards outflanking
the rock wedges.which were built to convey the flow over the edge of the
slope into the Rose Creek Diversion Canal. This situation was again
noted to site personnel, and their attention was drawn to instructions

provided at the time of the 1986 inspection.

The inspection also revealed that the main channel immediately upstream
from the automatic water 1level recorder is accumulating bed 1load
material and the flow 1is gradually being diverted through the upstream
end of the construction bypass »channel as shown in the mosaic
photograph of Figure 4. Instructions were left with site personnel to
backfill the channel, such that the full flow will be forced to use the
intended channel. '

The condition of the rock weirs was compared with photographs taken in
previous years and it was concluded that very little annual change is
ocecurring. However, it will soon be necessary to have a carefully
controlled maintenance program to place single large rocks so to improve
the integrity of a number of the weir crests where rocks placed during

construction have become dislocated.

Finally, the continuihg degradation of the bed of the Rose Creek channel
just downstream from the outfall was noted and instructions were left
with site personnel for installation of an additional one or two rock

weirs to provide adequate protection against undermining of the existing
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weirs during heavy creek flow. The changes in the channel between 1986
and 1987 can be seen by close comparison to the photographs presented in
Figure 5. It is estimated that a bed elevation loss of about 0.3 m has

occurred during the past year downsﬁream of the placed rock.

The annual inspection of the south valley wall shoreline between the
1974 Tailings Dam and the Cross Valley Dam is made with emphasis on
discovery of new seepage emergences. Such seepages yield indication of
the integrity of the Diversion Canal although inferences must be
carefully drawn because of the pond storage and bank storage available

at many locations between the shoreline and the canal dyke.

During the past year there has been tailings accumulation along the
south shoreline sufficient to almost cover the channel plug which was
constructed in 1982. Upstream from that point there are shallow water
depths and evidences of artesian pressure relief (see Figure 6) which
are believed to be associated with release of water due to tailings
consolidation. If it were an indication of Rose Creek Diversion Canal
leakage it would be expected that there would be a tendency for the

features to be of greater concentration near the shoreline than vice

versa.

Waste material sloughing around Borrow Pit %"I" is continuing and the
seepage that is emerging from the north corner of the borrow pit is

essentially unchanged from a year earlier (see Figure 7).

Between Borrow Pit "I" and the current limit of the tailings beach
there are several evidences of small séepages along the toe of the
slope. There are also small boils in the tailings along the edge of the
deposit. The most notable shoreline seepage 1is immediately upstream
from thé construction haulroadAramp which meets the channel dyke at Sta.
1+680; the rate of flow is estimated to be between 7 and 17 litres/
minute. In total, there are about 10 to 12 such seepage 1oca£ions (toe
of slope flows and artesian boils in theitailings) between Borrow Pit

*It® and the end of the tailings deposit.
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Inspection of the shoreline further downstream reveals some acceleration
in the retrogression of very localized waste pile surface mudflows and
shallow instabilities. These instabilities are believed most active in
the spring and early summer and they do not constitute any hazard to the
Diversion Canal. Interestingly, the amount of ponded water which is
present at some locations between the toe of the Diversion Canal dyke
and the waste dumps has increased since the 1986 inspection even though
the flow rate over the edge of the spoil bank seems little different
than in previous years. It is possible that the permafrost melt is pro-
ceeding downslope from the channel dyke and that the pond basin eleva-
tions are getting lower, while the overflow boints remain unaffected. In
that these areas are downslope of the dyke reach where the previously-
described cracking was concentrated, it is inferred that permafrost melt
is the 1likely cause of the observed behaviour. One seepage emergence
point carrying a flow of about 15 1litres/minute was found in the
shoreline reach between the principal area of dyke cracking and the

Intermediate Dam.

The condition of the shoreline between the Intermediate Dam and the
Cross Valley Dam continues to be excellent. The full pond level
continues to preclude comparison of minor seepage emergences that were
identified in 1984, or review of the seepage volumes emerging from the
junction of the Intermediate Dam with the steep slope below the
Diversion Canal. The only location where minor seepage was present was
just beyond the abutment of the Intermediate Dam. Although no seepage
was noticed at this location last year, it has beén noted that there has
been seepage in the area of the abutment since 1981, and that it is most

evident -when the Cross Valley Reservoir water level is at a low level.

The general conclusion reached from inspection of the shoreline is that
the waste dump faces are showing an increased amount of face instabil-
ity, and that there has been a minor adjustment in the distribution of
Seepage emergences along the toe of the slope. There is no evidence to
suggest that these changes provide cause for concern but they do give

strong justification for continuing the program of inspection.
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6.1.2 Cross Valley Dam

Inspection of the dam comprised examination of the spillway area,
detailed inspection of the crest area for evidence of cracking,
inspection of the thaw-affected south abutment area, and inspection of

the downstream toe area where foundation seepage flow is emerging.

Examination of the spillway and decant areas reveals that they are in
good condition, that repair has been made to the spillway channel
erosion scars that were present at the time of the 1986 inspection, and
that Curragh is in the process or riprapping the spillway channel. It
is understood that this 1is being done at the request of Government

officials.

Inspection of the upstream area of the south abutment reveals the

beginning of some sloughing of the unprotected loose edge of the glacial

till blanket that was placed against the slope .upstream of the

dam, and which is integral with the core of the embankment.

The downstream toe area of the dam was inspected with particular
reference to the seepage patterns, and although the south abutment area
toe channel is being gradually cleaned of loose material, there has been
no visual change in the pattern or quantity of seepage, or 1in the
seepage locations. Moving toward the north abutment, the areas of
artesian seepage that have been noted in previous inspections are still
flowing, but they appear to be considerably less active than in 1986.
This represents a continuation of the trend that was noted a year ago
wherein the activity was reduced from that observed in 1985, and in

spite of the currently full reservoir level.

During the past year flow measurement location W6 has been transformed
from a pipe into a steel plate weir, and it would be advisable to
replace the other plywood weir plates with steel. As noted in the 1986

annual inspection, it would also be helpful to install a weir about 50
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metres south of the Weir 6 location to obtain more definitive informa-
tion concerning the distribution of seepage emergence from the sSouth
abutment area. It would also be advisable to also read the flow at Weir
1 which is located a short distance south of Weir 2. Observations of

the flow at this weir were last made in 1985.

In conclusion, the locations and quantities of seepage are not mobile
from year to year and it is concluded that a stable condition is
persisting. However, the pervious nature of the dam's foundation and
the fact of meltout of the south abutment permaffost dictates that there
should be continuing vigilence over the structure to remain abreast of

any changes in performance which may occur.
6.1.3 Intermediate Dam

At the time of the inspection the tailings pond level upstream of the
Intermediate Dam was at its full operating level, as indicated by the
nominal flow over the emergency spillway which is set at El. 1066.5
metres. The Cross Valley Reservoir was slightly below its design ievel,
with both the siphons and the decant operating. In view of these water
levels the inspection has again been restricted to an inspection of the

crest and abutment areas.

As has been hoted since construction, there has been south abutment
seepage 1issuing from the junction between the abutment and the
embankment although it is most evident when the downstream pond is at
reduced level. Conditions at the location where seepage would be
‘expected are unchanged from 1986 and, as noted in the discussion of the
shoreline between the two dams, minor seepage is issuing from the area
immediately downstream from the abutment junction with the valley
slope.
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Of principal note from the inspection 1s the persistence of upstream
edge-of-crest cracking as illustrated in the photographs in Figure 8.
The crack is considered toc be currently inactive, and to be associated
with the zoning of the embankment section and the differing response of
the materials to freezing. As such, the cracking is 1likely to occur
during the winter and to be visable after the snow disappears in the
spring. Evidence for this conclusion includes the fact of no similar
erackihg along the downstream edge of the Intermediate Dam berm where
there is no zoning but where the granular material and the relative
height abgve the water level is the same. It'is also noted that the
crack may be a manifestation of some differential settlement between the
shell and £he core materials, as was noted in the 1986 report. In that
case it whould not be an annually recurring phenodenon. As breviously
recommended, the crack should be dressed out and the crest edge observed

in future to determine whether it is:annually persistent.

Damage which was done to the spillway channel in 1986 had not yet been
repaired and some general maintenance of the riprap in the entry to both
the decant and the spillway is also required. It will correct damage
that has been done in the interest of effecting water level management

in the tailings pond.
6.1.4 North Valley Wall Interceptor

Inspection of the interceptor in 1986 revealed that some maintenance and
improvement is required but not éll the work had been accomplished at
the time of the 1987 inspection. Specifically, instructions were left
with site personhel in 1986 to raise the dyke grade at the Guardhouse
Creek diversion point._' It was to be raised to the requisite 1.5 m
height using locally .available materials. Local aggradation of the
channel and prior temporary construction have made the diversion point
less positive than would be required to accommodate a flash runoff,
particularly if the channel were to be ice-filled, such as may occur in

the fall or spring of the year.
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The outfall of the interceptor on the west edge of Borrow Area "F"
situated high above the Intermediate Dam remains in need of some
stabilization using mine waste. Details of the required work were
discussed with Curragh Resources personnel at the time of the 1986

inspection.

Although no mine waste had been placed to stabilize the outfall, the
channel diversion point at the south end of Borrow Area "F" had been

repaired in keeping with the instructions provided in 1986.

The conclusion of the inspection is that the channel is functioning
well, There remains the need to undertake the maintenance noted in
1986. At some time there will also be a requirement to stabilize some
émall instabilities in the cutslopes which are situated a short distance

downstream from the upstream end of the ditch.

6.2 Performance Monitoring and Annual Review

In accordance with recommendations contained in the 1986 Performance
- Monitoring Report, the prior fréquency of instrumentation observation
was reduced and hence the 1987 review reflects a lesser flow of data.
Analysis of this data has- demonstrated the general validity of the
recommendation and there 1is no cause to revert to more frequent
observation. However, 1in keeping with the reduced frequency of
instrument observation it remains important that Golder Associates
continue to make an annual early fall site visit to inspect the
facilities, and that Golder Associates continue to examine the

monitoring data obtained by the client's personnel.
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7.0 RECOMMENDATIONS FOR FURTHER MONITORING

The frequency of data acquisition from the installed instruments has
been reduced as discussed above and in accordance with recommendations
contained in the 1986 report. Performance of the facility, as
illustrated by both the instrumentation data analysis and the site
inspection, indicates that the monitoring schedule presented in the 1986
report need be changed only to obtain additional data on the reach of
the Rose Creek Diversion Channel where adjustment of the dyke indicates
that the permafrost melt is not yet complete. Accordingly, the 1988
performance monitoring program should be as previously, with additional

monitoring as noted by the underlined instruction.

7.1 Diversion Canal

7

Read all dyke top and spoil pile thermistors annually in late
September because they will provide data related to the warming
effects of canal seepage, particulahly as will be affected by

the intended intermittent operation of the canal.
~ Read backslope thermistors in 1988 and every 2 years thereafter

- Read slope indicator stations CD 15, CD 19, CD 21, CD 29, BS 11
and BS 18 annually in late September. Read also the slope

indicator installation at SP3 and SP5.

= Read all functioning dyke top and spoil piezometers annually in

September.

~ Read backslope piezometers in September 1988 and every 2 years

thereafter.
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Read all survey monuments in 1988 and every second year there-
after, including the dyke top profile between stations 1+700 and

2+300. Determine the dyke top profile in late April and again

in late September using the spikes previously installed between

Stations 1 + 700 and 2 + 300.

7.2 Cross Valley Dam

Read all instrumentation annually in September and the piezo-

meters additionally in May of each year.

Determine all backslope toe weir flows monthly, while also

noting the Cross Valley Reservoir level on the record sheets.

Discontinue reading of survey monuments until advised otherwise.
Nevertheless, the installations must still be carefully pro-
tected. '

7.3 Miscellaneous Requirements

It will be helpful to the ongoing appreciation of project component

performance to continue _monitoring Rose Creek stream flow at the

automatic recording station. The program of water temperature recording

initiated in 1987 should be continued. The location of interest are at

the automatic flow recording station, the Intermediate Dam and Cross

Valley Dam outflows, and at Weir 3. Observations should be taken on a

bi-weekly basis.
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TABLE 1
DIVERSION CANAL DYKE THERMAL REGIMES
: LOCATION { THERMAL REGIME (Depth In metres) j
{ NO. STN, : SEPTEMBER/82 { SEPTEMBER/83 ‘= SEPTEMBER/84 ! OCTOBER/85 = OCTOBER/86 ! SEPTEMBER/87 }
: CDh4 0+400 : Frozen 4,7 - 4.9 : Thawed { Thawed } Thawed : Thawed, warmer than 1984 & 1985} Thawed, colder than 1986 {
CDS 04510 | Thawed to 3,9 Frozen 4,8 - 5,2 - Thawed Thawed, warmer than 1984 & 1985, Thawed, colder than 1986
I I I | | | I I
' CD10 0+990 I Frozen 4,8 - 6,0 | Thawed | Frozen 4,8 - 5,4 . I Thawed I Thawed, warmer than 1984 & 1985| Thawed, colder than 1986 |
| | l' ' ' I except at 7,8 m | ’ I
' CD15 1+530 | Frozen 3,8 - 6.0 | Thawed | Thawed l Thawed ' Thawed, similar to 1985 ' Thawed, colder than 1986 |
| CD17 14705 I Thawed to 3,8 l Thawed l frozen 7,8 - 8,2 ' Frozen 1,5 - 2,4 | Thawed and warmer I Thawed, colder than 1986 |
| CD19 14900 | Thawed to 3.5 ' Thawed to 4,5 l Thawed to 3,8 ' Thawed to 4,2 | Thawed to 4,4 m ' Thawed to 4,3 m: warmer |
‘ than 1986
: CD20 2+000 : Frozen 3,8 - 5,0 = Thawed to 6,0 } Thawed to 5,3 i Frozen 5,3 to 6,9 } Frozen 6,2 to 6,7 m } Partially frozen 6,0 to }
9,0 m: colder than
I I I I | I | oss |
{ CD21 2+100 ’ Thawed to 4.6 { Thawed to 4,3 : Thawed to 6.0 E Thawed to 4.8 ’ Thawed to 4,4 m = Thawed to approximately =
4,7 m: similar to
| I ! | I ! | oas I
l CD24 2+365 I Frozen 3,7 - 6,0 I Thawed ' Thawed | Thawed | Thawed and slightly warmer I Thawed, warmer than 1986 I
| | I | I | Y I |
CD25 2+460 Thawed Thawed Thawed ' Thawed Thawed and warmer Thawed, similar to 1986
I I I | I I I I
' CD26 2+600 I Frozen 4,2 - 9,2 | frozen 5,5 - 7,8 l Frozen 4,5 -~ 7,7 l Frozen 4,5 - 7,0 l Thawed | Thawed, colder than 1986 l
I CD27 2+765 | Frozen 4,0 - 7,2 ‘ Thawed | Thawed | Thawed | Thawed and warmer | Thawed, colder than 1986 I
I CD28 2+900 | Thawed to 3,6 I Frozen 3,0 - 6,2 | Frozen 3,3 ~ 5,4 l Frozen 4,0 - 5,2 | Thawed o 7,7 m I Thawed to approximately
: 7.7 m: warmer than
I | I I I | | lees |
: CD29 3+000 : Thawed to 2,5 { Thawed to 2,9 { Thawed to 3.4 : Thawed to 3,2 : Frozen 4,2 t0 6,2 m { Thawed, warmer than 1986 :
| CD30 3+130 | Thawed | Thawed | Thawed | Thawed I thawed ' Thawed, warmer than 1986 |
| | | | | | I

L



March, 1987 872-2407
TABLE 2
TABULATED GROUND MOVEMENTS
HORIZONTAL SLOPE INDICATOR
STATION SETTLEMENT MOVEMENT SURFACE MOVEMENT
(mm) (mm) 3 (mm)*
82-8L4 |84-86 |82-8Y 84-86 82-8Y4 | 84-86 86-87
CANAL DYKE
‘CD 4 0+400 - 20 -2 18 SW 20 SW
CD 10 0+990 | 31 -2 | s~ 9 sw| 3 up
CD 15 14530 21 -3 14 S 16 SW] 12 dn 17 up 1 dn
ED 16 1+610 55 34 ‘
CD 18 1+800 229 200
CD 19 1+900 29 32 11 SW 55 SW 9 dn 41 up 28 up
CD 20 2+000 33 21
CD 21 2+100 31 26 9 E 24 8 1 up 30 up 28 up
CDh 22 2+200 315 17 95 SW 14 NE some
upstream
CD 29 3+000 270 80 97 SW 51 SE|136 dn 25 dn 20 dn
BACKSLOPE -
1+200 N/A2 48
1+900 166 153| 26 E 36 E .
BS 11 2+100 0 60| 58 N 31 N 52 up 34 dn 22 dn
2+160 17 56 _
BS 16 2+900 17 -9 40 N 41 NE
BS 16 2+900 13 0| 62 N 69 N
BS 18 3+000 115 33| 18 NE 2 SE 18 up 25 dn 9 dn
3+130 64 30
SOIL PILES
SP 1 0+990 180 87 30 E 22 S
SP 2 1+530 117 63 16 NW 17 SW
SP 3 1+900 224 160 {102 NE 66 NE
2+040 124 221 {22 NE 32 N
SP 5 2+950 101 52 33 SW 10 W

lnyp" means upslope; "dn" means downslope
2"n/a™ means not available

%indicated movements are vector sums over

the time period shown.



March, 1988 ) ' 872-2407
TABLE 3

CANAL BACKSLOPE AND SPOIL PILE THERMAL REGIMES

{ LOCATION { THERMAL REGIME (Depth in metres) l
}NO. STN, l SEPTEMBER/82 : SEPTEMBER/83 : SEPTEMBER/84 I OCTOBER/85 { OCTOBER/86 : SEPTEMBER/87 :
lBSZ 0+400 l Frozen 1,5 - 7.8 I Frozen 2,0 - 7.8 | Frozen 1,5 - 6,5 | Frozen to 7,9 m | Frozen full depth ‘ '
|BSS 0+960 I Frozen 1,4 - 4.8 I Frozen 2,3 - 2.8 I Thawed ' Thawed to 5,5 I Thawed full depth l

|BSQ 1+530 l Thawed I Thawed ' Thawed I Thawed I Thawed and stightly warmer l Reading of backs liope I
IBSIO 1+900 l Thawed to 1,3 I Thawed to 2,2 ' Thawed to 2.0 ' Thawed to 2,0 ’ Thawed to 2,8 ' thermistors ’
IBSII 24100 I Thawed to 1,3 I Thawed to 0,5 I Frozen | Frozen l Thawed 1o 1,0 | planned for 1988 l
IBSIZ 2+260 l - l Thawed | Thawed l Thawed l Thawed | |
|BSIS 2+760 l - ' - l Thawed | Thawed I Thawed l l
lBSIB 2+900 l Thawed to 1,5 I Thawed to 2,0 I Thawed to 2,3 I Thawed I Thawed to 3,2 m | |
|BSI7 2+900 I Thawed to 2,3 l Thawed to 2,5 I Thawed to 2,5 | Frozen I Thawed to 3,3 m l '
{BSIB 3+000 : Thawed to 2,3 : Thawed to 3.4 : Thawed to 2,8 : Thawed to 3,1 { Thawed to 4,1 m : }
lSP2 1+530 l Thawed to 3,2 I Thawed to 3.8 l Thawed to 3,0 l N/D I Thawed to 3,3 m l Thawed to approximately I
| l l | l I I 4 m, warmer than I
| | I | | | I os6 I
lSP3 1+900 ' Thawed to 2,8 | Thawed to 2,6 ' Thawed to 2,6 l N/D | Thawed to 4.3 m l Thawed to approximately '
| ' I I I I I 4,6 m, warmer than

| | | | | | [ toss l
|SPS 24950 | Thawed to 2,9 | Thawed to 3,1 ‘ Thawed to 4,7 l Thawed to 3.4 I Thawed to0 4,4 m I Thawed fo'approxlmafely |
l ! | | | l | 3,7 m, colder than I
| | | | | | | |
L | { | 1 I | |
BS denotes canal backs!tope Notes: 1 - No data for thermister a 3,3 m depTﬁ

SP denotes canal spoll plle




March, 1988

TABLE 4

CROSS VALLEY DAM THERMAL REGIMES

872-2407

(North Abut)

Frozen 4,5 - 6,5 m

No change from 1984

: LOCATION } THERMAL REGIME (Depth In metres) }
INO. STN, } SEPTEMBER/82 { SEPTEMBER/83 : SEPTEMBER/84 { OCTOBER/85 I OCTOBER/86 { SEPTEMBER/87 !
ICVDT4 0+630 | Thawed 4,5 - 14,2 l Thawed 2,5 -~ 8,5 I - l Thawed to 8,4 I Thawed to >11,4 l Thawed to approximately I
| I l I l l l 14 m, warmer than '
I | I I | | I ioss I
|CVDCI 0+050 | Frozen 4.8 - 5,8 ' Thawed ' Thawed > 15 l Thawed > 15 | Thawed and warmer I Thawed, slightly cooler I
| I ) . I l ' I ' than 1986 l
ICVDCII 0+645| Thawed to 4,6 ' Thawed to 5.4 | Thawed to 4,4 and | Thawed ’ Thawed and very warm . Thawed, sllightly warmer |
' | | | 9.2 - 12,8 I I ' than 1986 l
l79 - 20 I l l I l l Thawed from 2 to 12 m: I
I I I [ I | I |
| I I I | | I I
| ] | I | | | |

silghtiy warmer
than 1986




March, 1987

Pond Elevation and Weir Flows At The Downstream Toe

TABLE 5

CROSS VALLEY DAM SEEPAGE FLOWS

872-2407

| WEIR FLOW (1.G.P.M.) |
POND ELEV, (m)
DATE I WEIR 1 I WEIR 2 WEIR 3 | WEIR 6 |
1983 1984 1985 1986 l 1987 1983 1984 1985 1986 | 1987 1983 l 1984 1985 1986 | 1987 1983 1984 1985 1986 ‘ 1987 | 1986 l 1987
May 15 185 178 1265 1216 90 66
June 6 1058,56 1060,15 1063,20 4650*
June 10 245 1475 140
June 13 1058,31 225 215 450 200 | 4600* 1305 1700 1379 190
June 20 1058 ,21 250 4150%
June 27 1058,20 225 4200%
July 4 1058,31 1059 .35 1061,90 245 210 395 725 1500 1280 1800
July 11 1058,78 275 800 1550
July 12 3 280 246 1685 1590 200 193
Juiy 18 1059,11 300 : 690 1700
Juty 25 1059,30 310 905 245 1800 1685 205
Aug, | 1059,19 1059,40 1060,.60 300 200 350 NO 950 NO 1690 1180 1520
Aug, 8 1058 ,45 290 850 1560
Aug, 11 245 1685 1685 225 145
Aug. 16 1057.88 290 800 273 1575
Aug. 22 1057,.56 240 725 215 1425 1575 240
Aug, 29, 1057.,37 Main- 240 650 245 1350 1285 240
Sept, 6 1057,20 1059,50 1062.05 talned 230 190 350 DATA 640 DATA 1290 1190 1330
Sept. 8 at 245
Sept. 12 1057.07 Elev- 200 600 280 279 1220 1685 1685 225 143
Sept. 19 1056 .93 ation 200 550 175 1795 230
Sept, 26 1056,85 1063,2 190 550 1125
Oct, 3 1057.42 1059,40 1062,05 200 175 350 AVAILABLE 600 AVAILABLE 1175 1075 1330
Oct, 11 1058.21 240 690 1220
Oct, V7 1058,80 250 740 1375
Oct, 23 ' 200 260 1475 1568 185 12t
Oct, 25 1059,67 290 750 . 1400
Oct, 31 185 1475 180
Nov, 1 1060,04 1059 .40 1062,05 275 180 350 780 1450 1085 1330
Nov, 6 185 1475 180
Nov, 7 1060,36 250 850 1480
Nov, 13 185 1475 1430 190 97
Nov, 14 1060,45 300 860 218 1510
Nov, 21 185 1475 180
Nov, 22 1060,.66 280 860 1510
Nov, 28 1059.41 1061,20 1062,05 275 180 350 800 155 1510 1345 1330 1380 160
Dec, 4 155 1285 160
Dec, 5 230 675 1310
Dec, 8 1058 ,53
Dec, 10 : 155 1419
Dec, 12 220 650 : 227 1190 1285 140 92
Dec, 16 185 1285 150
Dec, 23 185 1285 130
Dec, 31 , 185 1285 115

NOTE:

- Abnormally high flow rates through Welr 3 In June, 1983 are due to the 16 Inch siphon discharging upstream of the

- 1984 and 1985 data represents selected same date points abstracted from pond elevation and welir flow hydrographs,

- 1986 data presents all avallabte information; W6 volume s estimated when it exceeds 210 [,g.p.m.

- Wolr 6 was a plpe flow measurement location untit! 1987 when the plpe was replaced with a V-notch welr,

welir,

Hence the flow reocrded is both seepage and decant,



March, 1987

TABLE 6

TOTAL PRECIPITATION - FARO AIRPORT

862-2402

1983 1984 1985 1986 1987
April 2.2 2.5 13.9 12.9 10.0
May 20.6 36.8 17.2 35.1 40.1
June 55.6 49 .1 28.2 12.8 50.8
July 49 .1 16.7 62.6 76.3 92.4
August 65. 65.0 80.8 78.7 63.5
September 21.2 5.5 46.3 by u 30.2
October 16.3 11.0 20.0 22.7 26.8
Total 230.8 186.6 269.0 . 282.9 | 313.8
NOTE: All precipitation readings in mm.
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LLoR'tiig~udwirstream™ Lowdru it pIversion Dam, the Rose Creek Diversion Channel flow has begun to
also use the right channel; it was excavated to effect flow bypass during construction of the
project. The intended channel is to the left, and the flow can be restored to that channel by

extending the right bank of the 1974 Diversion Channel through to the Diversion Dam. The old
temporary channel would be backfilled. Photo date - October 1, 1987,
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1987 SITE INSPECTION PHOTOGRAPHS

Figure S

The Rose Creek Diversion Channel
Outfall on October 1, 1987 (upper
photo), and on October 3, 1986 (lower
photo). Note that the natural channel
downstream from the last rock weir

has suffered a minor amount of

grade degradation.
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1287 SITE INSPECTION PHOTOGRAPHS Figure

6

Evidence of artesian pressure reledse points along the left
(south) shoreline of the tailings pond where the water is
shallow. The photo location is about 100 meters beyond the
1974 diversion channel outfall.
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1987 SITE INSPECTION PHOTOGRAPHS _ Figure 7

These photographs illustrate the relative flows on September 29, 1987
(above) and October 03, 1986 (below) which is exiting Borrow Pit "I,
situated just downslope from the diversion channel dyke, and just
upsf%eam of spoil pile instrumentation location SP2 (see Figure 1).

Golder Associates
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- 1987 SITE INSPECTION PHOTOGRAPHS Figure . 8

These photographs illustrate the crack
which is present along the upstream
crest edge of the Intermediate Dam. The
lower photo is of the local area in the
centre of the upper photo. The cracking
is inferred to be a reflection of the
zoning in the embankment, and its
differing frost reactivity.

Photo date — September 30, 1987.

Golder Associates




e

o

kmenn v ov

APPENDIX 5

ASSESSMENT OF FISH HABITAT IMPACTS ASSOCIATED WITH
FLOW REDUCTIONS IN ROSE CREEK BELOW THE SOUTH FORK
CONFLUENCE

- prepared by P.A. Harder and Associates
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ASSESSMENT OF FISH HABITAT IMPACTS ASSOCIATED WITH FLOW REDUCTIONS
IN ROSE CREEK BELOW THE SOUTH FORK CONFLUENCE.

The milling operation at the Faro mine site presently extracts
process waters from the pumphouse pond 1located on the south fork
of Rose Creek approximately 50 m upstream of the north fork
confluence. In addition to south fork flows, the pumphouse pond
also recelves water that lIs diverted from the north fork 150 m
downstream of the haul road crossing. Due to increased water
requirements at the mill, additional water will be diverted from
the north and south forks during 1988 and subsequent years. This
will result in substantial flow reductions to 1lower Rose Creek
during the winter months. Although precise data are not avallable
it 1Is conceivable that all north and south fork flows will be
diverted to the mill during certalin time periods between November
and April. '

These changes would affect over-wintering capabilitles in a 5.2 km
section of the Rose Creek channel upstream of the talllings pond
effluent discharge to approximately 150 m below the north fork
haul road «crossing and in the 50 m section of the south fork
downstream of the pumphouse pond. In addition to these impacts,
reduced flows would also decrease the dlilution capacity of lower
Rose Creek below the tallings effluent, thereby potentially
affecting downstream water quality.

The signifigance of potential impacts to over-wintering
capablilities was assessed on the basis of observed hablitat
characteristics, a subjective evaluation of over-wintering
requirements for Arctic grayling and observed fish distributions
in the affected channel during early May of 1987.

Habltat Capability Assessment , :
The affected section of channel encompasses four major habitat
types. Above the south fork confluence the north fork channel is
characterized by a continuous steep gradient riffle with a cobble
substrate. This 760 m section has been channelized. Below the
south fork confluence the creek 1s also channelized as part of the
diverslion canal. This section is a 1low gradient run which flows
adjacent to the talilings pond over a distance of 3,400 m. The
substrate 1s comprised of predominantly small gravels and fines. A
high degree of glaciation was evident in most of this section
during May 1987. Near the second tailings dam, the dlversion canal
becomes a high gradient stepped channel designed to pass adult
fish into the upper system. This sectlion is characterized by a
series of rip-rap weirs at approximate 10 m intervals with a 0.5
to 1.0 m drop at each welir over a distance of 1500 m. A small
unnnamed tributary enters Rose Creek at the downstream extent of
the diversion canal. The 150 m section of channel between this
point and the confluence of the tailings pond effluent 1is part of
the natural Rose Creek channel and 1is characterized by 60% pool

habitat and a 40% run/riffle complex. Undercut banks and

overhanging bank vegetation are abundant throughout this section.

-1-



Based on physical habitat characteristics, the lowermost sectlion
of Rose Creek would appear to provide the highest over-wintering
capabilities within the affected channel between the effluent
confluence and the north fork haul road. This is due to the
presence of deep water pools and runs with a high degree of
instream cover. Over-winter habitat capabllities in the steep
section of the diversion canal are extremely low due to the high
channel gradient and 1icing conditions. Similarily over-winter
capabilities 1in the low gradlent section of the diversion canal
would Dbe severly 1limited by channel glaclation processes.
Capablilities in the lower portion of the north and south forks are
limited by the absence of pool hablitat.

Mid-winter fish sampling has not been conducted 1in Rose Creek.
However, sampling conducted between May 8 and 12, 1987 are
probably indicative of winter fish distributions since water
temperatures were still below 2.0°C at this time. Sampling was
conducted at three sites within the affected section of channel
during this period. These data have been used to develop a
quantitative assessment of habitat capabilities.

Electrofishing between the effluent discharge and the diversion
canal indicated an absence of grayling and a 1low abundance of
slimy sculpins (N=3) during May 1987. This 1s based a sample area
of 462 m2. These results could be indicative of fish avoidance due
to water quality limitations In the vicinity of the tailings pond
effluent discharge. Angling surveys below the effluent discharge
and visual observations at a seepage area below the tailings pond
also indicated an absence of over-wintering fish.

Impact Assessment

Sampling conducted in Rose Creek immediately below the north fork
confluence resulted in a total catch of one grayling and one
sculpin over an area of 165 m2. These results represent grayling
densities of 0.6 fish per 100 m?2. Although sampling at the north
fork culvert pool resulted iIn a grayling density of 4.7 fish per
100 m2, this area was not representitive of downstream habltats.
Therefore, using the observed grayling density data from the lower
sample site and applying It to the total area of stream habltat
between the north fork diversion point and downstream to the steep
section of the diversion canal, provides a crude estimate of
potential fish losses assoclated with a complete diversion of the
north and south fork waters., Based on a channel area of
approximately 40,000 m2 and a fish density of 0.6 grayling per 100
m2, total losses would be approximately 240 fish for this section
of creek. Given that the sample results are taken from the most
sultable over-wintering habitats within the Impact zone and the
high degree of glaclation observed throughout most of the channel,
it is likely that this calculation 1s an over estimate of actual
fish losses. Fish sampling was not conducted in the steep section
of the diversion canal, however 1t 1s our oplnion that no
over-wintering fish would be found in these habitats.
Electrofishing conducted over an area of 88 m2 in the 50 m long
section of the south fork below the pumphouse pond resulted in no
grayling. Over-winter capabilities in this section are extremely
limited by shallow water. -

-2-




In summary, the proposed flow reductions would impact existing
over-winter hablitat capabilities 1in the upper section of the Rose
Creek dilversion canal below the south fork confluence. Habltat
capabllities within this section are extremely low compared to
over-wintering capabilities in the south fork of Rose Creek
between the puimphouse pond and freshwater reservolr. Based on
observed grayling densitles at the north and south fork
confluence, it Is estimated that total 1losses would probably be
less than 240 fish assuming all waters from the north and south
forks are dlverted. :

The proposed winter flow reduction would also decrease the
dilution capacity of Rose Creek below the tallings pond effluent
discharge. This could further degrade water quality 1in the lower
creek during the winter perlod. An assessment of this potentlal
inpact would require analysls of effluent water quality,
downstream dilution factors and existing fish wuse In lower Rose
Creek during the winter period.
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