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SUMMARY

Water quality monitoring was performed during 1999 at the Vangorda Plateau minesite generaily in
accordance with the schedule for “temporary cessation of operations” per Water Licence IN89-002. This
report is the annual report required nnder Part A.9 of the water licence. The biclogical and sediment
monitoring program which is required every second year was performed in 1999 and the full consultant
report is appended here, The required annual geotechnical inspection was performed in 1999 and the full
consultant report is appended here. A performance review of the water treatment plant for 1999 is not
necessary because the plant was not operated during 1999.

Mining activities in the Grum and Vangorda Open Pits were suspended in January 1998 and the shut
down continued through 1999, Known economic ore reserves in the Vangorda open pit had been depleted
at the time of the shut down. In April 1998, Anvil Range Mining Corporation entered into receivership
and, since that time, the minesite has been under the management of Deloitte and Touche Inc. in their
capacity as court appointed interim receiver.

The quantity of water entering Vangorda Creek from mine discharge locations was lower in 1998 and
1999 than in previous years because the open pits were not dewatered and the water treatment plant was
not operated. Water chemistry entering Vangorda Creek was generally within maximum allowable
discharge limits with the exception of several isolated events of short duration which are described herein.
Seepage water from the Grum rock dump continued, in 1999, to show no positive indication of acid
generation products exiting the rock dump. Non-Compliant run off water which accumulated in Little
Creek Dam in 1999 was pumped into the mined cut Vangorda open pit in order to maintain an acceptable
water level in Little Creek Dam.

Several physical maintenance tasks were completed in 1999 according to consultant recommendations or
best management planning. Emergency repairs were performed at the Vangorda Creek diversion flume in
1999 following a fall of rock from a sub vertical rock wall overlooking the flume which blocked water
flow and damaged a portion of the flume.

One technical advisory committes meeting was held in 1999 at the minesite which included tours of the
minesites. The primary topics discussed at the meeting included current environmental issues and on-
going environmental management through the shut down period.

A permit amendment application was outstanding at year end. The application is primarily comprised of
“housekeeping” issues.

Anvil Range Mining Corporation (Interim Receivership)
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Yukon Territory Water Board
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Dear Sirs,

Enclosed are five bound copies and one unbound original of the report 1999 Vangorda

Plateau Annual Environmental Report, Water Licence IN89-002. This submission

represents the complete annual reporting requirements for 1999. Additionally, the body of
the report and Appendix 1 are also enclosed in electronic format (WORDv.7.0 for
Windows95 and EXCELv.7.0 for Windows 95). The computer files have been
compressed using the Winzip program.

I trust that this information is self-explanatory. However, if you have any questions please
do not hesitate to contact us.
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Anvil Range Mining Corporation (Interim Receivership)
/4

o —

Eric Denholm, Environmental Engineer

copies: Mr. Doug Sedgwick, Director Environmental Services, Deloitte & Touche Inc., Toronto
~.) Mr. Dana Haggar, Site Manager, Anvil Range Mining Corp. (Interim Receivership), Faro
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1. INTRODUCTION

1.1 GENERAL INTRODUCTION

This annual environmental report has been prepared as required by Part A Section 9 of Water Licence
IN89-002 for the Vangorda Plateau minesite. This report provides estimated water quantities used during
1999 and an interpretation of trends and variations in water chemistry. Anvil Range Mining Corporation
entered into receivership in April 1998 and, since that time, management of the minesite has been
performed by Deloitte and Touche Inc. in their capacity as court appointed interim receiver.

The biological monitoring and sediment sampling program is required to be performed every second year
and was performed in 1999 by Laberge Environmental Services of Whitehorse who have performed all of
these programs in the past and their full report is appended here. The required annual geotechnical
inspection was performed in 1999 by Steffen Robertson and Kirsten Inc. and their full repost is appended

here.

Open pit mining activities were suspended in Jarmary 1998 and remained suspended through 1999, At
the time when mining activities were suspended, the known economic ore reserves in the Vangorda open
pit had been depleted. During previous mine operations, ore fiom the Vangorda and Grum open pits was
trucked approximately 13 km to the Faro concentrator piant where tailings were deposited in the mined
out Faro pit. There has been no tailings deposition at the Vangorda Plateau minesite. Activities at the
Faro site are reported separately under Water Licence QZ95-003.

No water was pumped from either the Grum or Vangorda open pits during 1999. The water elevation in
the Vangorda open pit was monitored and preliminary predictions regarding the rate of filling of the p1it
were made. There was no discharge of effluent from the water treatment plant during 1999. Some
minesite surface run off water entered Vangorda Creek via the Grum interceptor ditch and Grum Creek.

Water quality monitoring locations are illustrated on Figures 1.1 and 1.2 and are listed on Table 1.1
Water chemistry analytical results for 1999 for all parameters analysed are listed in Appendix 1 with
statistical surnmaries.

1.2 OVERVIEW OF MINE WATER MANAGEMENT SYSTEMS
The mine water management system is illustrated on Figure 1.2.

Water is diverted around the Grum pit via the Grum interceptor ditch. The interceptor ditch collects
water from the stopes above the Grum Pit as well as water pumped from the deep wells along the eastern
perimeter of the pit. In addition, water discharged from the water treatment plant clarification pond
enters the interceptor ditch

Water from the Grum interceptor ditch passes into two settlernent ponds referred to as the Sheep Pad
Ponds. A smaller pond allows for initial settlement of coarser heavier particles and for dissipation of flow
energy. The main pond (Sheep Pond) provides retention time for settlement of finer particles. The Sheep
Pond outflow passes into Vangorda Creek at the plunge pool above the haul road.

During previous mine operations, dewatering of the Grum pit was accomplished in several ways. Water
was pumped from deep wells located around the eastern perimeter of the pit in an attempt to intercept
groundwater prior to its’ entering the pit. Water pumped from these deep wells was directed into the
Grum interceptor ditch. Dewatering of the underground exploration workings below the Grum pit was
performed via wells into the workings drilled from within the pit. In 1997 and 1998, some of the
underground workings were intercepted by pit development and it is uncertain whether future dewatering
of the underground workings will be necessary or possible. Water pumped from the underground

Arnvil Range Mining Corporation (Interim Receivership)
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exploration workings and any other water which accumulated in the pit was pumped to the water
treatment plant holding pond prior to feeding into the plant for treatment.

Grum Creek contains water from only a portion of its’ original watershed due to re-routing of surface
water and interception of groundwater in the Grum open pit. A large portion of the remaining Grum
Creek flow can be diverted, as necessary, towards a settlemnent pond referred to as the Moose Pond which
is a natural swale in sandy gravely soil bermed at the downstream end. Use of this diversion is intended
to minimize suspended sediment loadings entering Vangorda Creck via Gram Creek. To date when the
Moose Pond diversion has been in-place, the diverted Grum Creek water has seeped into the ground and
there has been no significant accumulation of water in the Moose Pond.

Water is diverted around the Vangorda Pit via the Vangorda north east and north west interceptor ditches
as well as through a diversion of Vangorda Creek. The Vangorda north east interceptor ditch passes
water from the slopes to the north east of the pit into Shrimp Creek which, in turn, 1eports to the Main
Fork of Vangorda Creck, The north west interceptor ditch diverts water from the north west siopes into a
settlement/groundwater recharge basin with overflow from the basin entering the plunge pool above the
hau! road. Vangorda Creek is diverted around its’ natural channel via a half culvert flame which
discharges into the plunge pool above the haul road. Vangorda Creek is then returned into its’ original
channel beiow the haul road.

Prior to the depletion of economic ore reserves in the Vangorda open pit in 1998, the Vangorda open pit
was dewatered into Little Creek Dam from which location water was subsequently pumped to the water
treatment plant. Since the depletion of known economic ore reserves and daring the current cessation of
mining activities, the Vangorda open pit has not been dewatered and run off water which accumulates in
Little Creek Dam has been pumped into the mined out Vangorda open pit in order to maintain an
acceptable water level in Little Creck Dam. The ran off water which accumulates in Little Creek Dam is
typically non-compliant for zinc and other parameters due; in part, to the presence of surface run off and
seepage from the Vangorda rock dump which enters Little Creek Dam via a dump seepage collector ditch.

Anvil Range Mining Corporation (Interim Receivership)
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TABLE 1.1 WATER QUALITY MONITORING LOCATIONS

V1 Vangorda Creek, upstream from the mine and Bilind Creck road,

V2 Grum Creek, upstream from its confluence with Vangorda Creek.

V2A Grum Creek diversion to Moose Pond.

V4 Shrimp Creek, upstream from its confluence with Vangorda Creek.

V5 West Fork of Vangorda Creek upstream of mine access road.

V6A A small tributary (AEX Creek) to the west fork of Vangorda Creck.

A%} Overflow from the Grum portal.

Ve Vangorda Creek near the bridge to Faro town water supply.

V14 Southwest sump Grum main waste dump.

V13 Sulphide cell sump Grium main waste durnp.

V16 Southeast sump Grum main waste dump.

V17 Grum Interceptor Ditch when interceptor wells are pumping.

V17A Surface drainage from the northern side of the Ore Transfer Pad (above the
Vangorda haui road).

V18 Grum southeast interceptor ditch, when interceptor wells are pumping.

V19 Vangorda pit northwest interceptor ditch.

V20 Vangorda pit southeast interceptor ditch.

V21 Vangorda Waste Dump collector sump (middle).

V21A Vangorda waste dump collector ditch at the discharge into Liitle Creek Dam.

V22 Vangorda pit water and Vangorda Lake at closure.

V23 Grum pit water and Grum Lake at closure.

V23A Grum Pit water in the Grum external sump may be sampled in place of V23
during mine operations.

V24 Influent to treatment plant.

V25 Effluent from clarification pend outflow.

V25AF Discharge from clarification pond discharge pipeline sampled when pipeline in
use.

V25BSP Outflow from the Sheep Pad Pond just above the Vangorda Creek plunge pool.

V26 “Little Creek” between Vangorda pit and waste dumps,

V27 Main stem of Vangorda Creek just upstream of the conflnence with Shrimp :
Creek.

V28 Vangorda Drain #1.

V29 Vangorda Drain #2.

V30 Vangorda Drain #3.

V31 Vangorda Drain #4.

V32 Vangorda Drain #5.

V33 Vangorda Drain #6.

V34 Groundwater well 94GW-01 below Vangorda dump.

V35 Groundwater well 94GW-02 below Vangorda dump.

V36 Groundwater well 94GW-03 below Vangorda dump.

V37 Groundwater well 94GW-04 below Vangorda dump.

V3g Groundwater well 94GW-05 below Vangerda dump.

V39 Piezometer P-9401a on Vangorda dump berm.

V40 Piezometer P-9401b on Vangorda dump berm.

Vil Piezometer P-9402a on Vangorda dump berm.

V42 Piezometer P-9402b on Vangorda dump berm.

V43 Piezometer P-5402¢ on Vangorda dump berm.

V44 Piezometer P-9403a on Vangorda dump berm.

V45 Piezometer P-2403b on Vangorda dump berm.

V46 Piezometer P-9404a on Vangorda dump berm.

V47 Piezometer P-9404b on Vangorda dump berm.

Anvil Range Mining Corporation (Interim Recetvership)
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2. WATER USE

Water Licence IN89-002 permits the use of up to 3.5 million Igpd (Imperial gallons per day) or 5.8
million m? per year of water for storage, diversion and return. In total, the water estimated for these
purposes during 1999 was greater than the allowable quantity as summarized on Table 2.1. This apparent
over use of water was due to the volume of water flowing through Vangorda Creek which is out of the
control of mine management, Since the flow through the Vangorda Creek diversion flume is not directly
measured frequently enough to allow an accurate calculation of annual flow, the estimated “normal” flow
calculated from hydrology data is used (the annual precipitation for 1999 was 108% of “normal™).

The total water usage typically includes water passed throngh the water treatment plant (nil in 1999),
water diverted in the Vangorda Creek diversion flume, water diverted in the Grum interceptor ditch and
water pumped from the deep wells associated with the Grum open pit (nil in 1999). Water truck fill-ups
from the Vangorda Creek plunge poel (nil in 1999) are not specifically included because this water will
have been included in one of the other areas. Natural water flow collected in the Grum interceptor ditch is
measured at location V25BSP below the Sheep Pad pond.

During 1999, run off water which accumulated in Little Creek Dam was pumped into the Vangorda pit.
There was one period of pumping in 1999 during July when the water level was lowered from 1110.0 masl
t0 1104.6 masl. An estimated total of 44,000 m of water was pumped into the Vangorda pit at an
estimated pumping rate of 34 litres per second (540 USgpm). A portable submersible pump was utilized
operating from a portable diesel generator.

During 1999, water was syphoned from the Sheep Pad pond into the Vangorda open pit during May and
June in order to prevent water which contained total suspended solids at a concentration greater than the
maximum allowable discharge limit from entering Vangorda Creek. An estimated 20,000 m® of water
was syphoned.

TABLE 2.1 1999 WATER USE

Use for Storage, Diversion and Return in 1998 Estimated Quantity (*000 m”)
Vangorda Creck diversion 7,549
Location V235BSP below Sheep Pad pond 32
Total Water Use 7,581
Other Water Quantities in 1998 Estimated Quantity (‘000 m’)
Pumped from Little Creek Dam into Vangorda Pit 44
Syphoned from Sheep Pad pond into Vangorda Pit 20
Pumped from Grum perimeter deep wells 0
WTP Feed from Grum Holding Pond - 0
WTP Feed from Little Creek Dam 0

Anvil Range Mining Corporation (Interim Receivership)
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3. WATER QUALITY ENTERING VANGORDA CREEK

3.1 GRUM PIT DEWATERING (V7, V17, V18, V23, V23A)

Location V7 is outflow from the underground exploration workings. There was no flow at this location
duaring 1999 and no samples were collected.

The deep dewatering wells reporting to location V17 were not instailed and, therefore, no samples were
collected at V17 during 1999,

Location V18 is in the Gram north east interceptor ditch immediately below the point of entry of water
pumped from a series of deep dewatering wells around the eastern perimeter of the Grum pit. The
dewatering wells were not pumped during 1999 and, therefore, no sampling was required at location V18.

Location V23 represents Grum pit water sampled in the pit bottom. Location V23 was sampled twice
during 1999 in September and October. The samples indicate that water quality during 1999 was similar
to that observed during mine operations. The 1999 samples showed concentrations of ammonia, total zinc
and sulphate which were generally within the ranges observed in recent years for Grum pit water. The
concentrations of ammonia and sulphate in September and Cctober 1999 were -/0.5 mg/L. and 266/234
mg/L, respectively. The concentrations of total and dissolved zinc in September and October 1999 were
3.42/5.91 mg/L and 0.20/1.30 mg/L, respectively,

Location V23 A also represents Grum pit water but is sampled at the inflow to the water treatment plant
holding pond. This sampling location is useful during mine operations because it captures the combined
water from various pit sumps and, prior to 1998, underground workings dewatering holes. No samples
were collected at location V23 A in 1999 because no water was pumped to the water treatment plant
holding pond. :

32  VANGORDA PIT DEWATERING AND ROCK DUMP SEEPAGE
(V21A, V22, V26, LCD, V28-V47)

Location V21A is the discharge end of the Vangorda Dump seepage collector ditch where the ditch
empties into Little Creek Dam. Flow at this location is intermittent and is usually present only during
freshet. Sampling location VZ1A is used as a substitute for location V21 which is located near the middle
of the seepage collector ditch because the likelihood of locating water to sample is greater at the discharge
end of the ditch. One sample was collected at location V21A during 1999 on May 18. This sample likely
includes a large portion of snow melt and is not considered representative of this location. This is based
on the relatively low concentrations of total and dissolved zinc which were 0.14 and 0.10 mg/L,
respectively. The concentration of sulphate was also relatively low for this location at 292 mg/L and the
concentration of total suspended solids was low at only 9 mg/L.

Location V22 is Vangorda Pit water. Following the suspension of mining activities {and dewatering) in
Tanuary 1998, water which has accumulated in the Vangorda open pit has included natural inflows, water
pumped from Little Creek Dam, and, in 1999, water syphoned from the Sheep Pad pond. During 1999,
three samples of Vangorda pit water were collected. The water chemistry data showed an increase in the
concentrations of zinc and sulphate through 1999 although not to the relatively high concentrations
reported for September 1998. The concentrations of total and dissolved zinc in 1999 ranged from 11.2
mg/L to 37.4 mg/L and from 3.5 mg/L to 8.7 mg/L, respectively, and the concentration of sulphate in
1999 ranged from 247 mg/L to 635 mg/L. The concentration of ammonia in 1999 was much lower than
that observed in 1998 at only 0.1 to 0.6 mg/L.

The water level in the Vangorda open pit was monitored in 1999 and a series of stakes were installed
along the pit ramp at one metre vertical intervals which will allow on-going monitoring to be continued.

Anvil Range Mining Corporation (Interim Receivership}
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The in-pit water elevation was estimated to have risen approximately 9 metres from April 1999 to
February 2000 and was estimated o be approximately 1171.0 mas] in February 2000. Planning regarding
future management of the pit once the period of filling is complete was initiated in 1999.

Location V26 is a “Little Creek” between the Vangorda pit and rock dump. This location does not exist
and the application for licence amendment currently under review includes the deletion of this location.
No samples were collected at V26 during 1999,

Littte Creek Dam is the collection point for local area run off and precipitation, surface run off from the
Vangorda rock dump and toe seepage from the Vangorda rock dump. Prior to the shut down of mining
activities in January 1998, the Vangorda pit was dewatered directly into Little Creek Dam and all water
was pumped from Little Creek Dam to the water treatment plant for treatment and discharge. During
1999, water was pumped from Little Creek Dam into the Vangorda pit in order to maintain an acceptable
water level in Little Creek Dam. One water sample was collected from Little Creek Dam in 1999 on June
18 which confirmed that the water was non-compliant as expected. The sample pH was 7.5 with
concentrations of sulphate, ammonia, total zinc and dissolved zinc of 299 mg/L, 0.5 mg/L, 7.2 mg/L and
4.8 mg/L, respectively.

The six transverse drains which pass toe seepage from the Vangorda rock dump (licence monitoring
locations V28 through V33) were sampled as flow allowed during 1999. Asusnal, no flow was observed
at drain #1. No flow was present in drains #2 and #4 even during freshet. Flow was present at drain #6
only during freshet which is unusual for this location where flow has previously been present during most
of the year. Physical maintenance work which was performed during summer 1999 including cleaning
out of the weir approach channel and installation of a surface water control ditch above drain #6
apparently resnlted in the cessation of flow at the weir for unknown reasons. Fiow was present at drains
#3 and #5 until November or December. In general, water quality in the drains which were sampled
continued to show high metal concentrations and sulphate at continued neutral pH with the exception of
drain #5 where pH was in the acidic range. Flows at the drains continued to be extremely low in 1999
with a maximum observed flow rate of only 0.14 litres per second at drain #3 in May.

As usual, the poorest water quality in 1999 was observed in drain #5 with peak concentrations of dissolved
zinc and sulphate of 4,004 mg/L and 17,010 mg/L, respectively, with a range in pH from 3.0 to 5.8.
Flows from drain #5 were extremely low and ranged from only 0.01 Lps to only 0.03 Lps. Water quality
for drain #3 may be more representative of general conditions within the dump because drain #3 most
consistently has flow and because the collection area is thought to be the greatest. The peak and annual
average concentrations of digsolved zinc in drain #3 during 1999 were 565 mg/L and 324 mg/L,
respectively. The peak and annual average concentrations of sulphate in drain #3 in 1999 were 4,281
mg/L and 3,266 mg/1., respectively, and pH ranged from 5.1 to 6.5 in 1999. The concentrations of
dissolved zinc and suiphate for drains #3 and #5 are illustrated on Figures 3.1 and 3.2, respectively,
There may be an increasing trend in the concentrations of dissolved zinc and sulphate emerging at drain
#5 which on-going monitoring may identify.

Standpipe piczomeiers labeied GW94-01 through GW94-04 (licence monitoring locations V34 through
V37) are located below the Vangorda rock dump seepage collector ditch and allow monitoring of
groundwater seeping below the collector ditch. Each of these piczometers was sampled twice during 1999
in June and October. Piezometer GW94-05 (licence monitoring location V38) was not monitored.

The water chemistry data for piezometers GW94-01 through GW94-04 showed no positive indications of
the presence of acid generation products exiting the rock dump in 1999. The irregular and aseasonal
spikes in the concentration of dissolved zinc which occurred in 1997 and 1998 were not repeated in 1999.
However, the concentration of sulphate in piezometer GW94-02 was unusually elevated during winter
1998/99. The other concentrations of sulphate were generally within the ranges observed in previous
years. The static water levels and pH for all four piezometers were generally stable. The concentrations

Anvil Range Mining Corporation (Interim Receivership)
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of dissolved zinc and sulphate for piezometers GW94-01 throngh GW94-04 are illustrated on Figures 3.3
and 3.4, respectively.

Figure 3.1 Vangorda Dump Drains Diss. Zinc
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Figure 3.2 Vangorda Dump Drains Sulphate
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A series of piezometers (P94-01 through P94-04, monitoring locations V39 to V47) are installed in the till
berm which surrounds the base of the rock dump and through which the transverse drains are intended to
pass seepage water. Static water levels in these piezometers were monitored for physical stability
assessments as described in Section 6 of this report. No water chemistry monitoring in these piezometers
was required in 1999 and none was performed.
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Figure 3.3 Vangorda Dump Piezos. Diss. Zinc
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Figure 3.4 Vangorda Dump Piezos. Sulphate
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3.3 WATER TREATMENT PLANT (V24, V25)

The water treatment plant located near the Grum pit is a conventional lime plant and the treatment
process consists of pH modification using lime followed by enhanced settlement of metal hydroxides with
the aid of flocculant. This process does not reduce ammeonia concentrations except, possibly, via retention
time in the clarification pond. During periods of past mining operations, the plant has been operated on
an as-required basis to maintain acceptable water levels in in-pit sumps, Little Creek Dam and the Grum
holding pond and the plant performed acceptable well.

The water treatment system was not operated during 1999. During 1999, run off water which accumaulated
in Little Creek Dam was pumped into the mined out Vangorda open pit as required to maintain an
acceptable water level in Little Creek Dam.

Location V24 is the inflow to the treatment plant which includes water from the Grum pit via the holding
pond and water pumped directly from Little Creek Dam. Location V25 is the outlet of the Clarification
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Pond and is sampled weekly when there is outflow. No samples were collected at either of these locations
in 1999.

34 GRUM DUMP TOE SEEPAGE (V14, V15, V16, P96-9A/B)

Locations V14, V15 and V16 are surface seepages at the toe of the ultimate (per design) Grum rock dump
area. Locations V14 and V16 are not currently specifically located in the field but would beceme defined
as part of possible future construction of a toe seepage collector ditch. No flow was observed in the areas

intended for locations V14 or V16 during 1999 and no samples were collected.

Location V135 is located in a small draw which naturally collects some surface flow below the rock dump
including the area occupied by the sulphide cell. A small sump was constructed at this location in the past
and five samples were collected at location V15 in 1999, Water chemistry did not show a positive
indication of the presence of acid generation products exiting the rock dump. Water chemistry at location
V15 in 1999 showed neutral to slightly alkaline pH ranging from 7.6 to 8.5. The concentrations of total
and dissolved zinc were relatively Iow through 1999 with peaks of only 0.04 mg/L and <0.01mg/L,
respectively. The peak concentration of total suspended solids in 1999 was only 8 mg/L in July. The
concentration of sulphate during 1999 ranged from 200 to 330 mg/L with the peak concentration
occurring in December. The flow at location V15 was generally consistent in a range from 0.5 to 1.0 Lps.
The water present at location V15 enters Grum Creek upstream of sampling location V2,

Groundwater wells P96-SA and P96-9B are nested in one drill hole in a bedrock valley at least 20 metres
deep near surface monitoring Jocation V15. The groundwater wells allow monitoring of gronndwater
seepage passing through the Grum Creek channel area which drains a portion of the Grum rock dump
including the sulphide cell. Each piezometer was sampled twice during 1999 and water chemistry did not
show a positive indication of the presence of acid gencration products exiting the dump. The deeper well
(P96-9B) which is screened over the interval from 16.5 to 18.0 metres below surface flows during summer
and fall {i.e. piezometric head higher than the ground elevation). The concentrations of dissolved zinc in
the two piezometers during 1999 were all <0.01 mg/L and the concentrations of snlphate ranged from 167
mg/L to 190 mg/L with pH in a range from 7.0 to 7.7.

35  GRUM CREEK (V2, V2A)

Location V2 is in Grum Creek upstream of entry into Vangorda Creek. The changes to the water
management system implemented during 1995 and 1996 atlow for the diversion of a substantial portion of
Grum Creck water towards the Moose pond where the water is observed to seep into the ground and enter
the groundwater regime. This diversion was put into place as part of the mitigation plan for reducing
suspended sediment loadings entering Vangorda Creck via Grum Creek. Diverted Grum Creek water is
sampled at Jocation V2A prior to entry into the Moose pond at times when the diversion is in place.
Location V2 is sampled in addition to sampling at location V2A even during times when the Moose pond
diversion is in place. The diversion of part of Grum Creek into the Moese Pond was implemented in June
1996 and remained in place through 1999.

Location V2 was sampled on five occasions in 1999. The concentrations of total suspended solids and
total zinc at location V2 in 1999 were improved over previous years as illustrated on Figures 3.5 and 3.6.
No freshet spike in the concentration of total suspended sclids was observed in 1999 and the peak
concentration was within the discharge limit at only 11 mg/L.. The flow at location V2 during 1999
ranged from 0.5 to 1.5 Lps. The concentration of total zinc during 1999 ranged from 0.01 to 0.24 mg/L
with the peak concentration occurring in September. The concentrations of dissolved zinc during 1999,
however, were all <0.01 mg/L with the exception of one sample at 0.07 mg/L which corresponded to the
peak concentration of total zinc in September.
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Figure 3.5 Grum Creek (V2) Total Sus. Solids
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Figure 3.6 Gum Creek (V2) Total Zinc
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Location V2A was sampled on three occasions in 1999. There was no flow present on other sampling
occasions. Flow at location V2A ranged from 0 to 2 Lps. Water chemistry was generally good with
metals at or near detection limits. The peak concentrations of total and dissolved zinc in 1999 were 0.08
mg/L and 0.05 mg/L, respectively, in September which correspond to the peak concentrations recorded for
iocation V2.

3.6 VANGORDA CREEK PLUNGE POOL (V19, VZSBSP)

Laocation V19 is the Vangorda north west interceptor ditch which drains into Vangorda Creek at the
plunge pool. A sump was built during April 1996 near the discharge end of the V19 ditch which allows
the low flows of ditch water to scep into the ground, thereby eliminating a flow of potentially high
snspended sediment into Vangorda Creek.

One sample was collected at location V19 in 1999 in May, No flow was observed exiting the V19 ditch at
other times during 1999. The concentration of total suspended solids in May 1999 was slightly greater
than the maximum allowable discharge limit of 15 mg/L at 25 mg/L.. The flow of water was for a brief
period only while the ground in the bottom of the sump remained frozen. The concentrations of total and
dissolved zinc in May 1999 were 0.19 mg/L and 0.09 mg/L, respectively.
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Location V25BSP is not currently included in the licence but is necessary to monitor flow into Vangorda
Creek from the Sheep Pad pond which was constructed during 19935 as part of the mitigative actions
intended to minimize sediment loading into Vangorda Creek. The application for licence amendment
currently under review includes the addition of location V25BSP to Schedule A of the licence.

Location V25BSP was sampled on five occasions in 1999 as flow allowed. There was no flow January
through mid-May and no flow again from mid-September through to year end due to the absence of
sufficient run off. Additionally, there was no flow for parts of May and June due to syphoning water from
the Sheep Pad pond inte the Vangorda pit. The syphoning was done to avoid the discharge of non-
compliant concentrations of total suspended solids from the Sheep Pad pond during freshet as described
below, In previous years, ferric sulphate and percol EI0 flocculants were added into the inflow into the
Sheep Pad pond to ensure settlement of fine clayey suspended particles which would not settle naturally.
However, the lower flows passing through the Sheep Pad ponds following the cessation of mining
operations and the absence of manpower and physical resources at the Vangorda Platean site indicated
that syphoning water into the Vangorda open pit was a more efficient means of maintaining compliance
in 1999. An estimated 20,000 m® of water was syphoned from the Sheep Pad pond into the Vangorda
open pit in May and June 1999. Flows at location V23BSP in 1999 ranged from 0 to 5 Lps.

The concentration of total suspended solids at location V25BSP was greater than the maximum allowable
discharge limit of 15 mg/L on two occasions in 1999. The concentrations of total suspended solids were
129 mg/L and 148 mg/L on May 18 and May 27, respectively. The corresponding concentration of total
suspended solids at the inflow to the Sheep Pad pond (location INSPOND) on May 18 was 299 mg/L
which indicated that partial settlement was occurring in the Sheep Pad pond. The corresponding
concentration of total suspended solids in Vangorda Creek immediately downstream of the plunge pool
mixing zone (location V19CULVERT) was 38 mg/L on May 18 which indicated that the inflow of water
from location V23BSP was diluted in Vangorda Creek by a factor of approximately 3.5 times. The
syphoning of water from the Sheep Pad pond into the Vangorda open pit as described above was
implemented in May as a means of preventing the continued discharge of non-compliant concentrations of
total suspended solids into Vangorda Creek.

The concentrations of total and dissolved zinc at location V25BSP which correspond to the elevated
concentrations of total suspended solids on May 18 were compliant at 0.19 mg/L and (.05 mg/L,
respectively. The peak concentrations of total and dissolved zinc at location V25BSP in 1999 were 0.38
mg/L and 0.72 mg/L, respectively, in August although the concentration of dissolved zinc of 0.72 mg/L. is
considered unreliable given that it is nearly twice the corresponding concentration of total zinc.

3.7 AEX CREEK (V17A, V6A)

Location V17A is not currently included in the water licence but is proposed as a replacement for location
V17 in the licence amendment application currently under review. Location V174 is a small stream
which contains natural run off from the slopes north of the Grum pit as well as surface run off from the
north side of the Ore Transfer Pad. This stream then passes into AEX Creek which is sampled further
downstream at location V6A.

Location V17A was sampled on two occasions in 1999 in July and September. There was no flow during
the winter season. In 1999, the concentrations of total and dissolved zinc ranged from 0.03 mg/L to 0.06
mg/L and from <0.01 mg/L to 0.02 mg/L and the concentration of sulphate ranged from 6 mg/L to 7

mg/L.

Location V6A is AEX Creek immediately prior to entry into the west fork of Vangorda Creek and was
sampled on five occasions in 1999. The concentrations of total zinc in 1999 ranged from 0.01 mg/L to
0.08 mg/L and the concentrations of dissolved zinc in 1999 were all <0.01 mg/L. The concentrations of
sulphate in 1999 ranged from 10 mg/L to 46 mg/L.
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4. RECEIVING AND BACKGROUND WATER QUALITY

41  SHRIMP CREEK (V4)

Location V4 is Shrimp Creek upstream of the confluence with the main fork of Vangorda Creek. This
Iocation provides reference information regarding background water quality.

There were four samples collected at location V4 during 1999. The water at location V4 contimued to be
harder than the other background water quality reference location in Vangorda Creek (V1) as has been
observed in previous years. The increased hardness may be due to the presence of calcarcous phyllites in
the drainage area of Shrimp Creek which are not present in the drainage area of Vangorda Creek above
location V1. Metal concentrations in Shrimp Creek were generally at or near detection limits in 1999
with the exception of total zinc which was measured as high as 0.07 mg/L in June, The concentrations of
dissolved zinc in 1999 were all <0.01 mg/L.

42  UPPER VANGORDA CREEK (V1, V27)

“Upper” Vangorda Creek is the primary receiving water for mine site discharges and is sampled upstream
of mine activities at V1, and locally downstream of mine activities at V27 above the confluence with
Shrimp Creek. There is no known fish habitat in “upper” Vangorda Creek due to natural impasses near
the town of Faro.

Location V1 is the main fork of Vangorda Creek immediately upstream of mine activities. This location
provides information regarding background water quality upstream of the mine site.

There were five samples collected at location V1 during 1999. During 1999, pH ranged from 6.8 {0 8.1,
sulphate concentrations ranged from 3 to 13 mg/L, and hardness ranged from 9 to 56 mg/L.. The
concentrations of most total metals were at or near detection limits with the exceptions of total zinc which
was unusually elevated at 0.24 mg/L in June and total iron which ranged from 0.07 to 4.2 mg/L. The
concentration of total suspended solids was low throughout the year at less than 3 mg/L.

Location V27 is the main fork of Vangorda Creek upstream of the confluence with Shrimp Creek and
provides information regarding the impact on Vangorda Creek from mining activities on the Vangorda
Plateau. All surface water from the Grum rock dump, the Grum intercepior ditch/Sheep Pad Pond, and
the Vangorda north east interceptor ditch reports to iocation V27 via Grum Creek or the Vangorda Creek
plunge pool.

There were five samples collected at location V27 during 1999. The peak concentration of total zinc was
0.07 mg/L in March. The peak concentration of disscived zinc was 0.02 mg/L in July and October. The
highest concentration of sulphate in 1999 was 46 mg/L in March and ammonia was measured at <0.05
mg/L for all samples.

4.3 LOWER VANGORDA CREEK {V5, VGMAIN, V8)

“Lower” Vangorda Creek is near the town of Faro in the juvenile fish rearing habitat in the first 1 to 2 km
above the mouth of the creek. The west fork of Vangorda Creek represents natural run off and some
minesite drainage originating from location VoA in AEX Creek, the Vangorda ore haul road and a
calcareous phyllite portion of the Grum rock dump. The main fork of Vangorda Creek represents natural
run off plus drainage from the minesite via location V27 and also includes flow from Shrimp Creek via
location V4.

Location V5 is the west fork of Vangorda Creek upstream of the confluence with the main fork. Location
V5 receives drainage from AEX Creek and, thereby, potential influences from surface drainage from the

Anvil Range Mining Corporation (Interim Receivership)



1999 Vangorda Plateau Annual Environmental Report _Page 15

north portion of the Ore Transfer Pad. Both AEX and West Fork Vangorda Creeks receive drainage from
the Vangorda ore haul road and the mine access road. Road maintenance activities such as re-surfacing
or application of dust suppression products or spilts could potentially affect water quality at V5. There is
a small portion of the Grum calcareous phyllite rock dump which drains into the west fork of Vangorda
Creek between AEX Creek and location V5. This portion of the Grum rock dump does not include any
part of the sulphide cell.

There were ten samples collected at location V5 during 1999. The concentration of total suspended solids
was elevated from May through July 1999 at 100 mg/L to 731 mg/L.. The source of the suspended solids
was not clearly identificd except as being downstream of the mine developments and between the mine
access road at the Grum turn off and the ski hill road. The concentration of total suspended solids at the
mine access road crossing at the Grum turn off (and downstream of the mine developments) was 33 mg/L
on June 20, 1999 when the concentration at downstream location V3 was 731 mg/L. The concentration of
total suspended solids at location V5 during the remainder of 1999 was less than 29 mg/l.. The
concentrations of total iron and total aluminum at location V3 were also elevated from May through July
1999 in concert with the elevated concentrations of total suspended solids indicating that the source of
these metals may have been clayey sediment in suspension. There were no corresponding elevated
concentrations of total zinc from May to July 1999.

The concentrations of sulphate and hardness at location V3 continued to exhibit a general seasonal trend
during 1999 in which these concentrations were greater during the winter seasen when surface run off
was at a minimum. These observations are in agreement with previous hypotheses that groundwater
seepage from the Red River and Earn Group rocks is responsible for the observed trends in sulphate in the
West Fork and lower section of Vangorda Creek and that seepage from Vangorda Formation rocks is
similarly responsible for observed seasonal trends in hardness in the West Fork and lower Vangorda
Creek. The ranges in concentrations of sulphate and hardness at location V5 in 1999 were from 34 to 532
mg/L and from 126 to 1161 mg/L, respectively.

Location VGMAIN is an informal (non licence) sampling location located in the main fork of Vangorda
Creck immediately upstream of the confluence with the west fork. Water chemistry at this tocation
provides important information regarding the relative impacts of the main and west forks on the fish
rearing habitat in lower Vangorda Creek. Although licence location V27 is also in the main fork, location
V27 is several kilometers upstream of the confluence with the west fork and it is difficult to apply water
chemistry data from location V27 in an analysis of lower Vangorda Creek because of the potential for
mumerous and unquantified impacts on the main fork between location V27 and the confluence with the

west fork,

A total of five samples were collected at location VGMAIN in 1999. The concentration of total suspended
solids at location VGMAIN followed the established trend for this location with generally low
concentrations and a brief spring spike (125 mg/L on June 20). The concentration of ammonia was low
with a peak concentration of only 0.07 mg/L. The peak and average concentrations of total zinc in 1999
were 0.12 mg/L and 0.06 mg/L, respectively. The peak concentration of total zinc occurred in June and
corresponded to the peak concentration of total suspended solids. The peak concentration of dissolved
zinc in 1999 also occurred on June 20 at (.03 mg/L..

The concentrations of sulphate and hardness at location VGMAIN followed a seasonal trend in 1999 as
observed for location V5 with higher concentrations observed in the winter season. The ranges in
concentrations of sulphate and hardness in 1999 at Jocation VGMAIN were from 7 to 126 mg/L and from
34 to 298 mg/L, respectively.

Location V8 is in the Vangorda Creek fish rearing area near the confluence with the Peily River. There
were len samples collected at Iocation V8 during 1999.
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The concentration of total suspended solids at location V8 was elevated from May through July 1999 in
concert with elevated concentrations at npstream location V5 as described above. The peak concentration
of total suspended solids at location V8 in 1999 was 184 mg/L. on June 20. The concentrations of total
suspended solids during the remainder of 1999 (exclding May through July) were less than 12 mg/L.

The highest concentration of total zinc observed at location V8 during 1999 was (.09 mg/L on June 20.
This peak concentration corresponds to the peak concentration of total suspended solids as described
above and also corresponds to the peak concentration of total zinc at upstream location VGMAIN. The
peak concentration of dissolved zinc in 1999 alse occurred on June 20 at 0.03 mg/L.

The peak concentration of total lead at location V8 in 1999 was 0.04 mg/L in December. Concentrations
of ammonia were all less than the method detection limit of 0.05 mg/L in 1999. The concentrations of
total aluminum and totaf iron were as high as 2.6 mg/L. and 4.6 mg/L, respectively, in June which
corresponded to the peak concentration of total suspended solids.

The trend in the concentration of sulphate at location V8 closely foliowed that at location V3 during 1999
in a range from 12 mg/L to 238 mg/L. The hardness observed at location V8 in 1999 ranged from 37
mg/L to 462 mg/1. and closely followed the trend described for locations V3 and VGMAIN with greater
hardness recorded in the winter season when surface flows were at a minimum.

The concentrations of total suspended solids, total zinc, total sulphate and hardness for locations V5,
VGMAIN and V8 during 1998 and 1999 are illustrated on Figures 4.1 through 4.4, respectively.

Figure 4.1 Lower Vangorda Creek T.S.S.
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Figure 4.2 Lower Vangorda Creek Total Zinc
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Figure 4.3 Lower Vangorda Creek Sulphate
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4.4 LONG TERM TRENDS IN LOWER VANGORDA CREEK -

The longer term trends in water quality in lower Vangorda Creck from 1988 to 1999 indicate that mining s
activities on the Vangorda Platean have had an influence on concentrations of total suspended solids, total s
zing, total lead and ammonia in lower Vangorda Creek. It is aiso evident that water chemistry in the West
Fork (V5) can have a significant effect on water chemistry in lower Vangorda Creek particularly for total
suspended solids and sulphate and that the presence of these parameters in the West Fork is unreiated to
current activities at the mine site. There are also likely sources of suspended sediments entering
Vangorda Creek in the main fork below the minesite and in lower Vangorda Creek below the confluence
of the main and west forks.

During the period 1988 to 1990 (3 years), there was a relatively small amount of work done in overburden

stripping for the Grum Open Pit. Although relatively few water samples were collected during this o
period, the water quality at location V8 during this period could be taken as representative of conditions —
largely unaffected by mine operations. This is evident through relatively low concentrations of total
suspended solids, total zinc, ammonia, total lead and arsenic although the concentration of total zinc was
recorded at or just greater than the recommended guideline for the protection of freshwater aquatic hife
(CCREM) on two occasions. The average concentration of total suspended solids during this period was
12 mg/L with a peak valve of 30 mg/L late in 1990. The average and peak concentrations of total zine =~ _
were 0.024 mg/L and (.036 mg/L, respectively. i

During 1991 and 1992, a substantial overburden stripping program was carried out on the Vangorda
Plateau, mining was performed in the Vangorda Open Pit and the Vangorda ore haui road was
constructed. The effect of this mining activity is reflected in the water quality in lower Vangorda Creek.
The concentrations of total suspended solids, total zinc, total lead and ammonia all show an increase in
average and peak values during this period. The average concentration of total saspended solids during
this period was 62 mg/L with a peak valne of 590 mg/L in spring 1991. Similarly, the average and peak
concentrations of total zinc were 0.06 mg/L and 0.36 mg/L, respectively.

During 1993 and 1994, no mining operations were performed on the Vangorda Platean. Although fewer ;
water samples were collected during this period than during the previous operating period, reduced levels * -
of total suspended solids and total zinc were observed in lower Vangorda Creek. The reduced levels were
generally greater than those observed during the period preceding mine activities (1988 to 1990). The
average concentration of total suspended solids during 1993 and 1994 was 40 mg/L with a peak value of
112 mg/L in spring 1994. Similarly, the average and peak concentrations of total zinc were 0.03 mg/L
and 0,11 mg/L, respectively.

During 1995, 1996 and 1997, mining activitics on the Vangorda Platean were resumed including -
operation of and discharge of treated effluent from the-water treatment plant. Even in light of the
resumption of mine operations, water chemistry in lower Vangorda Creek during this period did not show
a return to the chemistry observed during the previous period of mine operations on the Vangorda Plateau
(1991 and 1992). The concentrations of total suspended solids, total zinc, total lead, ammonia and arsenic
observed from 1995 through 1997 remained similar to those observed during the shut down period of

1993 and 1994. During the period from 1993 to 1997, the average concentration of total suspended solids i
was 29 mg/L with a peak value of 271 mg/L.. Similarly, the average and peak concentrations of total zinc o
were 0.04 mg/L and 0.12 mg/L, respectively.

In 1998 and 1999, mining activities were again suspended including cessation of discharge of treated
effluent from the water treatment piant. The water chemistry observed in lower Vangorda Creek during
1998 and 1999 was generally similar to that observed during the preceding period of mine operation
(1995 through 1997) with the exception of the elevated concentrations of total suspended solids during
May, June and July 1999 which, as described above, did not appear to originate from the mine
developments. During the period from 1998 to 1999, the average concentration of total suspended solids
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was 20 mg/L with a peak value of 184 mg/L. The average and peak concentrations of total zinc were 0.05
mg/L and 0.26 mg/L, respectively.

Long term water quality for selected parameters is illustrated on Figures 4.5 through 4.12.

Figure 4.5 Long Term Trends Vang. Ck. - TSS
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Figure 4.6 Long Term Trends Vang. Ck. - Zn-t
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Figure 4.7 Long Term Trends Vang. Ck. - Pb-t
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Figure 4.8 Long Term Trends Vang. CK. - NH3
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Figure 4.9 Long Term Trends Vang. Ck. - As-t
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Figure 4.10 Long Term Trend Vang. Ck. - SO4
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Measured flow volumes in the West Fork (V5) and lower Vangorda Creek (V8) are illustrated on Figure
4.13. A total of 21 corresponding flow measurements at V5 and V8 spanning 1991 to 1999 aze listed on
Table 4.1 which indicate that, on average, the West Fork contributes 33% of flow to lower Vangorda
Creek with a range from 21% to 49%.
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TABLE 4.1
COMPARISON OF MEASURED FLOWS AT V5 AND V8 TO END OF 1998

STATION: V5 STATION: V8 % V5/V8
Date FLOW Date FLOW
s s
07/05/91 1358 07/05/91 2778 49%
22/08/91 249 15/08/91 1116 22%
11/10/91 334 04/10/91 1182 28%
26/11/91 131 25/11/91 372 35%
28/02/92 51 28/02/92 153! 33%
28/04/92 280 28/04/92 634 44%
26/04/93 243 26/04/93 533 46%
02/08/93 207 02/08/93 620 33%
09/05/95 230 09/05/95 1096 21%
12/09/95 224 12/09/95 960 23%
11/06/96 195.3 11/06/96 801 24%
11/09/96 191.6 11/09/96 687, 28%
19/12/96 35 05/12/96 110 32%
10/03/97 7 10/03/97 15 47%
05/05/97 892 05/05/97 1873 48%
30/06/97 185 30/06/97 566 33%
24/07/97 379 24/07/97 1007 38%
28/08/97 162 28/08/97 541 30%
10/06/98 152 10/06/98 594 26%
29/07/99 364 29/07/99 1101 33%
31/08/99 144 30/08/99 484 30%
AVG 33%
MAX 49%
MIN 21%
COUNT 21
MEDIAN 33%

Anvil Range Mining Corporation (Interim Receivership)
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5. BENTHIC, SEDIMENT, AND WILDLIFE MONITORING

5.1 SEDIMENT MONITORING

‘Water licence IN89-002 requires monitoring of metal levels in sediments in Vangorda Creek every two
vears and this monitoring program was performed during 1999 by Laberge Environmental Services of
Whitehorse. The available database of sediment metal concentrations in Vangorda Creek now includes
1991, 1993, 1993, 1996, 1997 and 1999 as listed on Table 5.1 and as described in the consultant report in
Appendix 2,

The 1999 sediment sampling locations were the routine locations normally used for this program and
included an upstream reference location (V1), locations downstream of mine activities in the main and
west forks (V27 and V5, respectively) and lower Vangorda Creek in the juvenile fish rearing area near the
creek mouth (V8).

The concentrations of copper, lead and zinc were compared to the CCME (1999) interim freshwater
sediment quality guidelines (ISQG) and to the probable effects level (PEL) where generally concentrations
greater than the PEL have a 50% incidence of creating adverse biological effects (Table 5.1).
Concentrations of copper, lead and zinc at locations V1 and V3 are generally at or just above the [SQG
Ievels. Concentrations of copper, lead and zinc at location V27 are generally the highest of all sampled
tocations and concentraticns of lead and zinc at location V27 exceed the PEL level. Concentrations of
copper, lead and zinc at location V8 in the fish habitat area are generally between the LEL and SEL levels
with the exception of cne anomalously high lead concentration in 1991.

TABLE 5.1 SEDIMENT METAL CONCENTRATIONS

Site Cu Pb In

9F 93 95 96 97 99 91 93 95 96 97 99 91 93 95 26 97 99
V1 - 24 33 23 53 39 - 30 43 40 58 45 - 1ne 177 118 132 141
V27 - 52 59 80 88 129 - 587 1305 870 1492 2069 - 435 519 732 652 921
V5 . 28 36 29 36 25 - 23 52 25 35 30 - 97 129 102 100 &8l
ve_| 5737 a8 s4_36_ 29 | 1801 214 218 201 114 8 321 251 391 d66 221 _ldu
ISQG | 36 35 123
PEL 197 21 315

NOTES: 1991 data from Environment Canada study referenced in the ICAP,
1993 through 1999 data collected by Laberge Environmental Services for the licencee.
Data shown for 1993 , 1995, 1957 and 1999 are averages of triplicate sampling

Location V1 provides information representative of conditions upstream of the mine area. The
concentrations of copper, lead and zinc at location V1 from 1991 through 1999 ranged from 23 to 53
ppm, 30 to 58 ppm, and 118 to 177 ppm, respectively. , These concentrations are all close to the ISQG
which are 36 ppm, 35ppm and 123 ppm for copper, lead and zinc, respectively.

Sediment metal concentrations at V5 in the West Fork are close to the r'ange of background concentrations
defined at V1. This indicates that there has been no observable contamination of sediments in the West
Fork. The concentrations of copper, lead and zinc at location V5 from 1991 through 1999 ranged from 28
to 36 ppm, 23 to 52 ppm, and 81 to 129 ppm, respectively. The consultant report attached in Appendix 2
makes the observation that the sediments at location V5 appeared, in 1999, to be finer than at other
locations and that it appeared that significant deposition had occurred.

Sediment metal concentrations at V27 in the Main Fork below the minesite are notably elevated relative to
the other monitored locations. It is likely that elevated sediment metal concentrations were present
immediately below the mine area even prior to development of the mine site as a resuit of erosion of
mineralized outcroppings. Anccdotal evidence relates that a gossan zone existed generaily between
locations V1 and V27 which could have supplied readily transportable gossan sediments into Vangorda
Creek. The concentrations of copper at location V27 have increased over time from 52 ppm in 1993 to

Anvil Range Mining Corporation (Interim Receivership)
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129 ppm in 1999. The concentrations of lead at location V27 have also increased over time from 587
ppit in 1993 to 2,069 ppm in 1999 although the trend was not followed in 1996. The concentrations of
zinc at location V27 have also increased over time from 435 ppm in 1993 to 921 ppm in 1999 aithough
the trend was not followed in 1997. The concentrations of copper were all between the ISQG (36 ppm)
and PEL (197 ppm) and the concentrations of lead and zinc were all greater than the PEL (91 ppm lead
and 315 ppm zinc).

Sediment metal concentrations at V8 in lower Vangorda Creek are elevated above the upstream reference
as defined at V1 and less than the concentrations observed at location V27 immediately downstream of the
minesite. Physical redistribution of sediments from upstream locations may be a mechanism related to the
observed metal concentrations at location V8. This is sapported by anecdotal evidence which relates that
a ditch was accidentally cut through the gossan zone referenced above which resulted in the accidental
transport of metal rich sediments into Vangorda Creek in 1989 or 1990.

The sediment concenirations of copper and lead at location V8 in 1991 were the highest on record for this
location. In fact, the 1991 sediment lead concentration of 1801 ppm is much greater than any recorded
result for any of the sampled locations and is considered anomalous. Sediment copper concentrations at
V8 from 1991 to 1999 were within the range observed at unaffected upstream reference location V1.
Sediment lead concentrations at V8 have decreased from 214 ppm and 218 ppm in 1993 and 1995,
respectively, to 89 ppm in 1999 which is less than the PEL (91 ppm). Sediment zinc concentrations at V8
have remained between the ISQG (123 ppm) and PEL (315 ppm) from 1991 through 1999 and have been
decreasing from 1996 through 1999.

5.2 BENTHIC MONITORING

Water licence IN89-002 requires monitoring of benthic invertebrate populations in Vangorda Creck every
two years and this monitoring program was performed during 1959 by Laberge Environmental Services of
Whitehorse. The available database of benthic population data in Vangorda Creek now includes 1991,
1993, 1995, 1997 and 1999 as listed on Table 5.2 and described in the consultant report in Appendix 2.

The 1999 benthic sampling locations were the routine locations normaily used for this program and
included an upstream reference location (V1), locations downstrearn of mine activities in the main and
west forks (V27 and V3, respectively) and lower Vangorda Creek in the juvenile fish rearing area near the
creek mouth (V8),

The 1999 program verified that mining activities and some elevated sediment metal concentrations have
not had an observable impact on benthic communities in Vangorda Creek and that “overall the
community structure appears to be stable over time”. The total abundance of organisms, the diversity of
taxonomic groups and the number of pollution sensitive taxa present at each sampled location were
similar to those observed in previous years as listed on Table 5.2.

In order to allow a meaningful comparison over time of data regarding taxonomic richness, the data for
the years 1995, 1997 and 1999 were modified to correspond to the less detailed enumerations previously
performed. This is reflected on Table 5.2 by presentation of two numbers for taxonomic richness for
1995, 1997 and 1999. The two numbers represent the actual reported number per the current more
rigorous enumeration to a geneta or species level and the modified number per the previously utilized and
less detailed enumeration to a family level only. Refer to the consultant report in Appendix 2 for further
information on this matter.

Location V5 in the west fork of Vangorda Creek displayed the greatest abundance of organisms in 1999
(1,284) and location V8 in lower Vangorda Creek displayed the lowest abundance of organisms in 1999
(1,025). The abundance results for all four monitored locations were within or close to the ranges
observed from 1991 to 1997.

Anvil Range Mining Corporation (Interim Receivership)
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Location V5 also displayed the greatest taxonomic richness in 1999 (55) and location V1 upstream of the
minesite displayed the lowest in 1999 (32). The taxonomic richness results for all four monitored
locations were within or close to the ranges observed in 1995 and 1997. 1995 was the first year that
similar calculation methodology was used as described above and in the consultant report in Appendix 2.

The number of pollution sensitive taxa enumerated in 1999 at all four monitored Jocations was within or
close to the ranges observed from 1991 through 1997. Location V8 in lower Vangorda Creek displayed
the greatest number of pollution sensitive taxa in 1999 (S of 11 possible). Locations V1 and V27
displayed the lowest number of pollution sensitive taxa in 1999 (7 of 11 possible).

TABLE 5.2 BENTHIC MONITORING

Site TA TR SEN

91 93 95 97 99 {51 93 o5 g7w 99+ |91 93 95 97 99
V1 | 763 3090 1758 1663 1025 | 17 19 26(34) 29(d2) 20032y | 6 7 & 9 7
v27 | 953 5952 4929 11751 1061 | 24 17 28(38) 2937 238N |6 S5 9 8 7
Vs | 1298 2193 1550 9291 1284 | 29 21 2842) 38(55) 32(35)| 7 6 & 9 8
vg | 594 3024 8340 904 1061 | 22 19 35(48) 25(41) 2845 | 6 6 8 6 9

NOTES: Data repeated from Laberge Environmental Services, March 1999.
“TAP: total abundance; “TR”: taxonomic richness; “SEN”: number polution sensitive taxa (11 possible)
“+»: number in parentheses represents the true TR enumerated below the family level (refer to text).

53 WILDLIFE MONITORING

The Fannin Sheep were observed at the minesite during their seasonal migrations to and from the
wintering grounds on Sheep Mountain, The sheep were primarily observed in the vicinity of the Sheep
Pad pond. Sheep tracks were observed on the Grum Creck road below the Grum rock dump which agrees
with observations in previous years of the sheep traveling down that road toward their winter range.

Bears, moose and foxes were sited on and near the minesite on numerous occasions during 1999.

Anvil Range Mining Corporation (Interim Receivership)
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6. GEOTECHNICAL MONITORING

The annual physical monitoring program required under Part D Section 6 of the licence was performed in
June 1999 by Mr. Peter Healey of SRK (Steffen, Robertson and Kirsten Inc.). The SRK report is
appended as Appendix 3 and the following summary is provided.

The inspection looked at the geotechnical performance and stability of the following structures: Vangorda
rock domp and seepage collection system, Little Creek Dam, Vangorda Creek diversion, Clarification
Pond, Sheep Pad ponds and Grum rock dumps.

The recommendations resulting from the inspection are summarized as follows:
« maintenance work in the Vangorda rock dump seepage collection channel,
e maintenance work at Little Creek Dam,
« continue monitoring of piezometers and thermistors,
« monitor for tension cracking and seeps related te dams and dykes,
» install water control structures at approach to Littie Creek Dam,
s place protective granular cover on crest of Little Creek Dam,
« repair various Tip rap structures at cidvert inlets and Vangorda Creek diversion,
= conduct a stability analysis of the rock wall overlooking the Vangorda Creek diversion flume,
e conduct a hydrology analysis of the capacity of the Vangorda Creek plunge pool,
» maintenance work and monitoring on Clarification and Sheep Pad pond dykes,
¢ maintenance and rip rap upgrading along the Grum interceptor ditch,
o removal or reclamation of culvert upstream of Sheep Pad ponds.

The SRK study included a review of all available data collected from monitoring of piezometers and
thermistors related to the Vangorda rock dump and Little Creek Dam. No significant trends were
identified and no concerns were noted.

The following physical maintenance tasks were completed in 1999 based on recommendations in the 1998

and 1999 SRK reports and best management planning:

o filled in small depression at south end of Little Creek Dam,

¢ constructed water diversion above Vangerda rock dump drain #6 and cleaned out gravel drain,

¢ installed outflow flume at the 1998 emergency overflow culvert at Little Creck Dam and increased rip
rap protection associated with the emergency overflow structure,

s dressed erosion gullies along upstream face of Little Creek Dam,

« removed and reclaimed the culvert upstream of the Sheep Pad ponds.

Anvil Range Mining Corporation (Interim Receivership)
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7. WATER TREATMENT PLANT PERFORMANCE

The Water Treatment Plant was not operated during 1999. Therefore, no performance report on the
operation of the plant is required for 1999.

The water treatment plant was shut down in an orderly manner at the cessation of mining activities in
January 1998 such that all lines and tanks were drained of water. Electrical power 1o the plant was cut off
at the time of shut down and remained disconnected through 1999.

Anvil Range Mining Corporation {Interim Receivership)
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8. TECHNICAL ADVISORY COMMITTEE

One TAC (Technical Advisory Committee) meeting was held in 1999 in June. The meeting was held in
Faro and invelved tours of the Faro and Vangorda Plateau minesites. The meeting was attended by
representatives of:

Anvil Range Mining Corp. (Interim Receivership)

Deloitte & Touche Inc. as receivers for Anvil Range Mining Corporation

DIAND - Mineral Resources

DIAND - Mining Land Use

DIAND - Water Resources

Selkirk First Nation

Town of Faro

Y'TG - Economic Development

YTG - Renewable Resources

The topics discussed at the meeting were primarily concerned with curtent environmental issnes and on-
going environmental management of the minesites during the interim receivership.

A list of the attendees, agenda and minutes for the meeting are included in Appendix 4.

Anvil Range Mining Corporation (Interim Receivership)
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9. PHYSICAL MAINTENANCE WORK
9.1 LITTLE CREEK DAM EMERGENCY OVERFLOW

An emergency overflow system for Little Creek Dam was designed and constructed during 1998 and was
described in the 1998 Annual Environmental Report for the Vangorda Plateau.

At the recommendation of Steffen Robertson Kirsten Inc. as designers of the system, an addition was
made in 1999. A % culvert exit flume was installed at the outflow from the buried overflow pipe in order
to ensure that water flowing out of the overflow pipe would impact on the plunge pool water and not on
the rip rap approach to the plunge pool.

Additional rip rap was added at the upstream and downstream ends of the buried overflow pipe as per the
recomnendations of SRK and the lowest section of the exit channel was upgraded with additional rip rap.

This work is also described with photographs in the consultant report in Appendix 3.
9.2 VANGORDA CREEK DIVERSION FLUME

A fall of rock occurred in June 1999 from the sub vertical rock wall which overlooks one section of the
Vangorda Creek diversion flume, The fall of rock blocked creek flow and damaged several of the 2.4
metre diameter ¥ culvert flume sections. The rock debris was removed and a length of approximately 39
metres of the flome sections were replaced as soon as possible following the rock fall. The rock face was
scaled from the bottom using the CAT235 excavator at that time.

In September 1999, additional rock debris sloughed into the flume at the same location as the rock fall of
June 1999. In September 1999, however, there was no significant damage to the flume sections, the
sloughed material was removed and normal creek flow was resumed.

Details regarding the work that was compieted in 1999 and recommendations for follow up work are
described in a report on the subject which is included in Appendix 7.

9.3 VANGORDA ROCK DUMP TILL BERM WATER CONTROL DITCH

A water control ditch was constructed in July 1999 in the arca above transverse drains #5 and #6. The 1ll
berm was reconstrucied and a ditch was constructed to pass runoff water around the area. Over past years,
a lack of drainage control had allowed water to seep into the soil and significant sloughing and
deformation of the berm had occurred such that water chemistry data from transverse drain #6 was not
useful and there was a risk that several piezometers in the till berm wonld be lost.

Anvil Range Mining Corporation (Interim Receivership)
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10. LICENCE ISSUES

10.1 AMENDMENTS
An application for amendment to Water Licence IN89-002 was outstanding at year end. The application

was filed in 1995 by Anvil Range Mining Corporation and an update to the application was filed in 1996.
The proposed amendments are primarily “housekeeping” issues.

Anvil Range Mining Corporation (Interim Receivership)



el




1999 Vangorda Plateau Annual Environmental Report

APPENDIX 1

1999 Complete Water Quality Listing
With Statistical Summaries
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19938 WATER QUALITY LISTING FOR THE VANGORDA PLATEAU MINESITE

STATION: V1, Vangorda Creek, upstrm of mine & Blind Cr, Rd

PH-F  PH-lab TEMP-C SO04-T T8S5 NH3-N ACIDITY ALK-T COND HARD-T D.O. FLOW
Date pH unit  pH unit mg/.  mg/l. mgil mgiL mg/ll  pSlem mgiL. mgiL Lis
17/03/99 7.12 13 3 <0.05 124 56 ice layer
18/06/99 8.08 7 3 2 <005 10
29/07/99 7.44 3 5 1 <0.05 2 352 9 1.7 534
3108/99 7.7 38 7 1 <Q.05 26 55.5 22 138 293
12/10/9% 8,75 1 10 1 <0.05 17
JAN 1998 - DEC 1999
Mean 7.42 3.7 8 2 0.05 14 7.6 23 12.7 414
Std. Devia 0.51 25 4 1 0 17 46.5 19 1.3 170
Minimum 6,75 1 3 1 0.05 2 35.2 9 11.7 293
Maximum  8.08 7 13 3 0.05 26 124 568 13.6 534
Num. Val 5 4 5 3 5 2 3 5 2 2
STATION: V2, Grum Creek, upstr. of Vangorda Ck
PH-F  PH-Lab TEMP-C S04T TSS NH3-N ACIDITY ALK-T COND HARD-T D.O. FLOW
Date pHunit pH unit mg/lL  mall. mgill mgil mg/L  pSlem mg/L mglk Us
17103199 767 202 1 <0.05 945 muddy ice hole
18/06/99 7.64 <] 180 8 <005 1
10/09/99 7.76 5 169 5 <0.05 810 1
12/10/99 6.95 2 191 4 <0.05 775 1.5
13/12/82 7.06 0 146 6 <0.05 800 05
JAN 1999 - DEC 1999
Mean 7.42 3 178 7 0.05 832 1
Std. Devia 0.38 3 22 3 0 76 0.4
Minimum  6.95 0 146 4 0.05 775 0.5
Maximum  7.76 6 202 11 0.05 945 1.5
Num. Val 5 4 5 5 5 4 4
STATION: V2A, Grum Creek Diversion to Moose Pond
PH-F PH-Lab TEMP-C S04-T T$S NH3-N ACIDITY ALK-T COND HARD-T D.O. FLOW
Date pH unit  pH unit mg/L mg/lL mg/lL mg/l mg/L  pSicm mg/L mgll tfs
03/07/99  7.81 6 379 7 <0.05 2
10/08/99  7.58 4 370 05  Moose pond mt
121089 713 1 269 0.5
13/12/98 0
JAN 1999 - DEC 1999
Mean 7.51 4 338 7 0.05 0.8
Std. Devia 0.35 3 81 0 0 6.9
Minimum 7,13 1 269 7 0.05 0
Maximum  7.81 6 379 7 0.05 2
Num. Val 3 3 3 1 1 4
STATION: V4, Shrimp Creek, upstr. of Vangorda Creek
PH-Ff PH-Lab TEMP-C S04-T TSS NH3-N ACIDITY ALK-T COND HARD-T D.O. FLOW
Date pH unit  pH unit mg/ll.  mglk mg/k mg/L mg/lL  pSicm my/lL mg/l s
16/03/89 134 5 <0.05 800 458 wide ice cap
18/06/99 8.06 <8 40 46 <0.05 259
209/07/9%¢ B.42 4.9 43 10 <0.05 442 255 11.2 64
1210/88 8.09 1 66 3 322
JAN 1999 - DEC 1999
Mean 8.19 5 71 16 0.05 621 324 11.2 64
Std. Devia 0.2 4 44 20 0 253 a5 o] o]
Minimum  8.06 1 40 3 0.05 442 255 11.2 64
Maximum  8.42 9 134 46 0.05 800 458 11.2 64
Num. Val 3 3 4 4 3 2 4 1 1

1989Vang-phys
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1999 WATER QUALITY LISTING FOR THE VANGORDA PLATEAU MINESITE

STATION: V5, west fork Vangerda Creek

PH-F PH-lab TEMP-C S04-T TSS NH3-N ACIDITY ALK-T COND HARD-T D.Q. FLOW
Date pHunit pH unit mg/l. mg/l ma/l mg/L mg/L pS/em mg/L mafL Lis
19/01/98 8.37 435 2 <0.05 810 ice layer
23102198 775 0 532 28 <0.05 1161 ice crack
23/03/199 7.47 235 5 <0.05 802 @waterfall
20/04/185  8.14 2 208 13 498 ice crack u/s culvert
18/05/89 8.04 2 38 100 <0.05 126
20/06/98 7.97 51 34 7 <0.05 134
29/07/199 8.53 5.8 49 300 <0.05 22 328 174 115 364
31/08/99 8.6 5.8 60 7 <0.05 187 431 226 13.4 144
12110198 7.09 2 79 5 <0.05 245
14/12/98 7.68 0 105 3 340 ws of culvert
JAN 1998 - DEC 1999
Mean 7.98 7.92 3 178 120 0.05 104 380 432 12.4 254
Std. Devia 0.49 0.64 2.6 177 234 ¢] 117 73 340 1.3 156
Minimum  7.09 7.47 0 34 2 0.05 22 328 126 11.5 144
Maximum 8.6 8.37 & 532 731 0.05 187 431 1161 13.4 364
Num. Val B 2 8 10 10 8 2 2 10 2 2
STATION: VBA, AEX Creek
PH-F PH-Lab TEMP-C SO04-T T3S NH3-N ACIDITY ALK-T COND HARD-T D.O. FLOW
Date pH unit  pH unit mag/ll  mg/il.  mgiL mglt. mgiL  uSicm mg/l mafl. Lis
22/03/89 7.93 46 13 <0.05 v. low flow @ ice crack
03/07/89 8.45 8 10 7 <0.05
10/09/89  7.69 7 14 1 <0.05 159
12M10/89 7.23 1 16 1 <0.05 178
14/12/199 7.45 0 21 1 <0.05 250
JAN 1999 - DEC 1998
Mean 7.7 7.93 4 21 5 0.05 196
Std. Devia 0.53 0 4 14 5 o] 48
Minimum 7.23 7.83 4] 10 1 0.05 159
Maximum  8.45 7.93 3 46 13 0.05 250
Num. Val 4 1 4 5 5 5 3
STATION: VGMAIN, Main Fork Vangorda Creek
PH-F PH-iab TEMP-C S04-T TSS NH3-N ACIDITY ALK-T COND HARD-T D.O. FLOW
Date pH unit  pH unit mg/t. mg/L mglk mgiL mg/t  pSfem © mg/l mg/l Lfs
20/04/29 1286 3 288
18/05/99 8.01 1 33 42 0.06 100
20/C6/89 7.58 7 7 125 0.07 34
29/07/99 7,99 10 20 4 <0.05 74
1210099 7.48 2 46 <1 <0.05 134
JAN 1929 - DEC 1999
Mean 7.76 5 46 35 0.06 128
Std. Devia 0.27 4 47 53 0.01 102
Minimum 7.48 1 7 1 0.05 34
Maximum  8.01 10 126 125 0.07 298
Num, Va! 4 4 5 5 4 5

1998Vang-phys



1999 WATER QUALITY LISTING FOR THE VANGORDA PLATEAU MINESITE

- STATION: V8, lower Vangorda Creek

PH¥ PHiab TEMP-C 304-T TS88 NH3-N ACIDITY ALK-T COND HARD-T D.O. FLOW
Date pHunit pH unit mg/L mglt mglb mgil. mg/L  uSicm mg/l mg/l Us
18/01/92 8.3 180 3 <(.05 451 ped. bridge
‘ 23102198 B.02 0 136 5 <0.05 462 ped bridge
; 23/03/99 7.84 238 12 <0.05 458 ped bridge
: 20/04/98 7.48 3 174 7 404 ped bridge
- 18/05/99 8.16 1 3g 47 <005 116 ped bridge
20/06/199 7.53 7 12 184  <0.05 37
I 25106799 1403
! 29/07/199 8.21 7.7 3 85 <0.05 13 203 107 111 1101
30/08/99 8.5 7.3 36 3 <0.05 112 264 135 484
12/10/99 7.38 2 &1 5 <0,05 144 380 164
14/12/99  7.78 0 85 1 =0.05 180 505 271 1/2 way between bridges
: JAN 1598 - DEC 1938
- Mean 7.88 8.067 35 100 35 0.05 115 338 260 1.1 296
Std. Devia 0.4 0.33 33 79 59 1] 75 133 169 0 468
1 Minimum  7.38 7.84 0 12 1 0.05 13 203 37 1141 484
Maximum 85 83 7.7 238 184 0.05 180 505 462 1.1 1403
<o MNum. Val 8 2 8 10 10 9 4 4 10 1 3
STATION: V15, Sulphide cell sump, Grum Dump
- PH-F PH-Lab TEMP-C S04-T 185 NH3-N ACIDITY ALK-T COND HARD-T D.O. FLOW
Date pH unit  pH unit mg/L mg/lL. mg/L mgil mg/L  pS/cm mg/L mygfl. Lfs
17/03/192  8.48 200 6 <0.05 348 935 wide ice cap
03/07/8% 8.02 10 215 ] <0.05
10/09/88 758 6 240 5 <(0,05 380 1230 1
o 12110/99  7.69 2 320 3 <0.05 462 1240 0.5
! 131299 7.67 330 5 <(.05 459 1340 0.5
’ JAN 1999 - DEC 1999
Mean 7.89 6 261 5 0.05 412 11886 0.8
; Std, Devia 0.37 4 80 2 0 57 175 a3
Minimum  7.58 2 200 3 0.05 348 935 0.5
B Maximum  8.48 10 330 8 0.05 462 1340 1
Num, Val 5 3 5 5 5 4 4 4
. STATION: V17A, Runoff from ore transfer pad
. PH-F PH-Lab TEMP-C SC4-T TS8S NH3-N ACIDITY ALK-T COND HARD-T DO. FLOW
Date pHunit  pH unit mg/l. mglL mgll mg/l mg/lL  pSiem mgiL mgil Lis
03/07/99 7.89 9 5] 8 <0.05 5
10/09/99 7.64 7 7 3
JAN 1999 - DEC 1998
Mean 7.76 8 6 8 0.05 4
Sid. Devia 0.18 1 1 0 0 1
Minimum  7.64 7 6 8 0.05 3
P Maximum  7.89 <] 7 8 0.05 5
i Num. Val 2 2 2 1 1 2
s STATION: V19, Vangorda pit, NW interceptor ditch
M PHF PH-Lab TEMP-C SO04-T TS5 NH3Z-N ACIDITY ALK-T COND HARD-T D.O. FLOW
Date pH unit pH unit mg/L mg/lL mg/L mg/L mg/l  uSiem mgi/L mgil Lis
18/05/99 8.02 2 29 25 0.07 1
JAN 1999 - DEC 1999
Mean 8.02 2 28 25 0.07 1
Std. Devia o 0 0 0 0 0
Minimum 8,02 2 29 25 0.07 1
Maximum  8.02 2 28 25 0.07 1
Num. Val ] 1 1 1 1 1
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1999 WATER QUALITY LISTING FOR THE VANGORDA PLATEAU MINESITE

STATION: V1SCULVERT, Vangorda Cr below haul road crossing

PH-F PH-Lab TEMP-C S04-T TS5 NH3-N ACIDITY ALK-T COND HARD-T B.O. FLOW

Date pH unit pH unit mg/L  maltk mglL mg/L mg/L  pSicm mg/L mg/l Lis o

18/05/99 38 46 e
JAN 1888 - DEC 1899 -
Mean 38 46 -
Std. Devia o 0 L
Minimum 38 46
Maximum 38 46 :
Num. Val 1 1 ‘

STATION: V21A, VG Dump Collector Ditch @ LCD

PH-F PH-Lab TEMP-C SO4-T T35 NH3-N ACIDITY ALK-T COND HARD-T D.O. FLOW

Date pH unit  pH unit mgil  mg/t. mglL mgil mgiL  pSiem mg/L mgil Lis ~
18/05/99 7.31. 2 292 2] <0,05 05

JAN 1999 - DEC 1899 .

Mean 7.31 2 292 2] 0.05 0.5

5td. Devia 0 0 0 0 0 0

Minimum  7.31 2 292 9 0.05 0.5

Maximum  7.31 2 292 9 005 0.5

Num. Val 1 1 1 1 1 1 -

STATION: V22, Vangorda pit water

PH-F PH-Lab TEMP-C 8SO4-T TS8S NH3-N ACIDITY ALK-T COND HARD-T DO. FLOW

Date pH unit pH unit mg/lL. mg/lL mglL mail. mg/L pSicm mg/L mag/L s

18/06/9% 7.48 18 247 19 01

10/09/98  7.43 L 513 7 129 66 1120 o
12110/99 6,48 3 635 9 055 85 1180

JAN 1959 - DEC 199¢ C
0.33 129 76 1150 -

3 Mean 7.13 11 465 12
Std. Devia 0.56 8 198 6 0.32 0 13 42
Minimum  6.48 3 247 7 0.1 129 66 1120 -
Maximum  7.48 18 635 19 0.55 129 85 1180 :
Nurn. Val 3 3 3 3 2 1 2 2

STATION: V23, Grum Pit Water

PH-F PH-lab TEMP-C S04-T TS8 NH3-N ACIDITY ALK-T COND HARDB-T D.O. FLOW w-

Date pHunit pH unit mgil. mg/lL  mglL mg/l mg/L  pSicm mg/L mg/L Iis
10/09/99 7.64 g 2866 4 <5 190 885 ;
1210199 712 4 344 5 0.54 180 935 L
JAN 1999 - DEC 1999
Mean 7.38 6 365 4 0.54 5 180 910
Std. Devia 0.37 4 55 1 0 0 0 35 i
Minimum 712 4 268 4 0.54 5 180 885 ek
Maximum  7.64 g 344 § 0.54 5 180 935
Num. Val 2 2 2 2 1 1 2 2
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1999 WATER QUALITY LISTING FOR THE VANGORDA PLATEAU MINESITE

STATION: V25BSP, Below Sheep Pond at the weir

PH-F PH-Lab TEMP-C S04-T TSS NH3-N ACIDITY ALK-T COND HARD-T D.O. FLOW
Date pH unit  pH unit mg/l  mg/l.  mg/l mgil mg/L  pSicm mail. mgiL L/s
18/05/89 7.95 2 68 129 0.07 3 weir abut leak
27105/99 63 148
18/06/98 0.5
03/07/99  8.21 14 38 15 <0,05 73 5
12/08/89 18 145 3 <0,05
10/09/99 7.83 10 136 1 @ waterfall
JAN 1999 - DEC 1898
Mean 8 11 a0 74 0.06 73 2.4
Std. Devia 0.1 7 48 75 0.01 0 21
Minimum  7.83 2 38 3 0.05 73 0.5
Maximum  8.21 18 145 148 0.07 73 5
Num. Val 3 4 5 4 3 1 4
STATION: V27, Vangorda Creek, just upstr, of Shrimp
PH-F PH-Lab TEMP-C S04.T TS5 NH3-N ACIDITY ALK-T COND HARD-T D.O. FLOW
Date pH unit  pH unit mgiL  mg/llL  mgfll mgiL mg/lL  pSicm mg/L mgiL Us
16/03/98 7.92 45 5 <0.05 118 298 149
18/06/99 8.33 <8 5 4 <0.05 18
20/07/199 7.74 4.4 14 5 <0.05 S 46.3 36 11.4 785
31/08/98 7.97 5.2 16 3 <0.05 46 114 49 133 348
1210/9% B.41 3 27 < 59 162 69
JAN 1999 - DEC 1989
Mean 8.11 7.92 5.1 22 4 0.05 57 185.1 B4 12.3 566
Std. Devia 0.31 0 2.1 16 2 o 47 106.4 51 1.3 309
Minimum 7.74 7.92 3 5 1 0.05 5 46,3 18 i1.4 348
Maximum  8.41 782 8 46 5 0.05 118 298 149 133 785
Num. Val 4 1 4 5 5 4 4 4 5 2 2
STATION: V29, Vangarda Dump drain #2
PH-F  PH-Lab TEMP-C S04-T TSS NH3-N ACIDITY ALK-T COND HARD-T D.O. FLOW
Date pH upit  pH unit mg/t. mgllL mgll mgik mgil. upSfem mgilL mgiL Lis
18/05/99 0
JAN 1989 - DEC 1999
Mean 0
Std. Devia 0
Minimum 0
Maximum 0
Num. Val 1
STATION: V30, Vangorda Bump drain #3
PH-F  PH-Lab TEMP-C SO4T TSS NH3-N ACIDITY ALK-T COND HARD-T D.O. FLOW
Date pHunit  pH unit mg/lt  mgi  mgi mgilL mg/L. uSicm mgfL mg/l L/s
18/05/99 5.52 2 2788 5.46 0.14
18/06/99 5.85 1 4281 6.55 0.025
12/08/88 6.54 20 3259 0.014
12/10/89 5.14 o] 3367 7.24 2570 243 4550 0.006
13M12/98 6.31 2637
JAN 1999 - DEC 1999
Mean 5.87 8 3266 6.42 2570 243 4550 0.046
Std. Devia 0.57 g 545 09 Q 8] 0 0.083
Minimum  5.14 0 2637 5.46 2570 243 4550 0.006
Maximum  6.54 20 4281 7.24 2570 243 4550 0.14
MNum. Val 5 4 5 3 1 1 1 4
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1999 WATER QUALITY LISTING FOR THE VANGORDA PLATEAU MINESITE

STATION: V31, Vangorda Dump drain #4

PH-F PH-Lab TEMP-C SO4-T TSS NH3-N ACIDITY ALK-T COND HARD-T D.C. FLOW
Date pHunit pH unit mgll. mg/lL mgll mg/l mg/iL pSfem mg/L mgll. Lis

18/05/99 0

JAN 1999 - DEC 1899
Mean

Std. Devia

Minimum

Maximum

Num. Val

i == I e e O o

STATION: V32, Vangorda Dump drain#s

PH-F PH-Lab TEMP-C S04-T TSS3 NH3-N ACIDITY ALK-T COND HARD-T D.O. FLOW ;
Date pH unit  pH unit mg/l. mg/L mgll mgil. myg/ll  pS/cm mg/L mg/L Lis e

18/05/99 5.82 9365 1.36 0.01
18/06/99 4.81 12 9550 0.29 0.018 :
12/08/99 4.81 18 17010 0.018 o
12110099 3.04 1 16970 <0.05 22796 <5 15200 0.03
13/12/99 3.98 14645
JAN 1999 - DEC 1998 B
Mean 4.45 11 13508 0.57 22796 5 15200 0.018 e
Std. Devia 1.03 -] 3820 0.7 j¢) o 0 0.008
Minimum  3.04 1 9365 0,05 22798 5 15200 0.01
Maximum 582 19 17010 1.36 22796 5 15200 0.03
Num. Val 5 3 5 3 1 1 1 4 .

STAHON: V33, Vangorda Dump drain #6

PH-F PH-Lab TEMP-C SO4-T T8S NH3-N ACIDITY ALK-T COND HARD-T D.O. FLOW

Date pH unit  pH unit mg/. mg/l  mall mg/L mg/l  pSiem mg/L mg/L Lis

18/05/98  7.04 2 470 0.12 0.025
JAN 1899 - DEC 1958
Mean 7.04 2 470 0.12 0.025
Std, Devia 0 0 0 0 0
Minimum 7.04 2 470 0.12 0.025 i
Maximum  7.04 2 470 0.12 0.025 ""”
Mum. Val 1 1 1 1 1

STATION: V34, groundwater well GW84-01 m

PHF PHlab TEMP-C SO4-T TS5 NH3N ACIDITY ALK-T COND HARD-T D.O. SWL

Date pHunit  pH unit mg/L mg/l. mg/L mg/L mg/L  pSicm mg/L mg/L  meters
18/06/99 7.85 5 23 <0.05 ' 6.88 o
12/10/99 6.79 2 26 <0.05 <1 489 B15 6.61

JAN 1999 - DEC 1983 D
489 815 6.75 e

Mean 7.32 4 24 0.05 1

Std. Devia Q.75 2 2 i} 0 1] 0 0.18

Minimum 6,79 2 23 0.05 1 489 815 6.61

Maximum  7.85 5 26 0.05 1 489 815 6.88 L

MNum. Val 2 2 2 2 1 1 1 2 D
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1998 WATER QUALITY LISTING FOR THE VANGORDA PLATEAU MINESITE

STATION: V35, groundwater well GW84-02

PH-F PHiab TEMP-C S04-T TSS NH3-N ACIDITY ALK-T COND HARD-T 0.0, SWL
Date pH unit  pH unit mg/l  mg/llL  mgil mgiL mgfl  pSfem mg/L mg/L  meters
18/06/99 7.21 3 768 <0.05 9.24
12/10/88  8.77 1 142 <0.05 <1 374 810 758
JAN 1999 - DEC 1999
Mean 6.59 2 455 0.05 1 374 810 8.41
Std. Devia 031 1 443 "] 1) [} 4] 1.17
Minimum  6.77 1 142 0.05 1 374 910 7.58
Maximum  7.21 3 768 0.05 1 374 910 9.24
Num. Val 2 2 2 2 1 1 1 2
STATION: V386, groundwater well GW84-03
PH-F PH-Lab TEMP-C SO04.T TS8S NH3-N ACIDITY ALK-T COND HARD-T D.O. SWL
Date pH unit meg/l,. mg/ih  mgil mylt. mg/ilL  uSicm mg/L mg/l.  meters
18/06/89 7.29 3 271 <0.05 10.24
12/10/98 6,27 1 313 0.06 <1 394 1200 8.81
JAN 1998 - DEC 1989
Mean 6.78 2 292 0.05 1 394 1200 9.53
Std. Devia  0.72 1 30 0.01 0 0 0 1.01
Minimum  6.27 1 271 0.05 1 394 1200 8.81
Maximum  7.29 3 313 0.06 1 394 1200 10.24
Num. Val 2 2 2 2 1 1 1 2
STATION: V37, groundwater well GW94-04
PH-F PH-Lab TEMP-C S04-T TSS NH3-N ACIDITY ALK-T COND HARD-T D.O. SWL
Date pH unit mg/L mg/L mg/lL mgfl mg/ll.  pSiem mag/k mgiL meters
1B8/06/98 7.48 3 66 <0.05 10.18
1210/9%  B.07 1 &2 <0,05 <1 426 775 8.72
JAN 1999 - DEC 19839
Mean 6.78 2 64 0.05 1 426 775 9.48
Std, Devia 1 1 3 0 ) 0 4] 0.98
Minimum  6.07 1 62 .05 1 426 775 8.79
Maximum  7.48 3 66 0.05 1 428 775 10.18
Num. Val 2 2 2 2 1 1 1 2
STATION: 96-9A, Groundwater at the toe of Grum dump
PH-F PH-Lab TEMP-C SO04-T TS8S NH3-N ACIDITY ALK-T COND HARD-T D.O. SWL
Date pH unit mg/t. mg/lL  mgiL mgilL mgil.  pSicm mgiL mgil.  meters
18/06/89 6.96 4 181 <0.05 5.41
12/10/89 168 <0,05 <1 157 650
JAN 1899 - DEC 1588
Mean 6.96 4 174 0.05 1 157 850 5.41
Std. Devia 0 v} 9 0 1) 0 0 0
Minimum 6.86 4 168 0.05 1 157 850 541
Maximum 6.86 4 181 0.05 1 157 650 5.41
Num. Val 1 1 2 2 1 1 1 1

1988Vang-phys
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1999 WATER QUALITY LISTING FOR THE VANGORDA PLATEAU MINESITE

STATION: 96.9B, Groundwater at toe of Grum dump
PH-F PH-Lab TEMP-C SC4T TSS NH3-N ACIDITY ALK-T COND HARD-T D.O. SWL
Date pH unit  pk unit mgil.  mg/.  mgil mgil mgil.  uSiem mgil mgiL meters
18/06/99 7.67 3 190 <0.05 0
12/10/88 167 0.11 <1 13 620
JAN 1998 - DEC 1989
Mean 7.67 3 178 0.08 1 151 620 0
Std. Devia [#] 1] 16 0.04 o [} 0 0
Minimum  7.67 3 167 0.05 1 151 620 o
Maximum  7.67 3 190 0.1 1 151 620 b]
Num. Val 1 1 2 2 1 1 1 1
STATION: GD1, Grum Dump toe seep just west of V15
PH-F PH-Lab TEMP-C $04-T T858 NH3-N ACIDITY ALK-T COND HARD-T D.O, FLOW
Date pH unit  pH unit mg/l  mgAd. mglL mg/L mgil.  pSicm mg/L my/L Lis
03/07/89 578
JAN 1999 - DEC 1993
Mean 578
Std. Devia 0
Minimum 578
Maximum 578
Num. Val 1
STATIOMN: GD2, seep/marsh near west end of Grum dump toe road
PH-F PH-Lab TEMP-C S04-T TS5 NH3-N ACIDITY ALK-T COND HARD-T D.O. FLOW
Date pH unit  pH unit mg/L. mglk mg/L mgil mg/l.  pSfem mgil mgiL is
03/07/99 33
JAN 1998 - BEC 1999
Mean 33
Std. Devia 0
Minimum 33
Maximum 33
Num. Val 1
STATION: INSPOND, Inflow to the Sheep Pad Pond
PH-F PH-lab TEMP-C S04-T TSS8 NH3-N ACIDITY ALK-T COND HARD-T D.O. FLOW
Date pH unit  pH unit mg/lt. mg/llL  mg/L mgiL mg/L  pS/cm mg/L mgi/L L/s
18/05/98 299
JAN 1999 - DEC 1999
Mean 289
Std. Devia 4}
Minimum 289
Maximum 289
Num. Val 1

1988V ang-phys
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1999 WATER QUALITY LISTING FOR THE VANGORDA PLATEAU MINESITE

STATION; LCD, Littie Creek Dam Pond Water

PH-F PH-Lab TEMP-C SO04-T TSS NH3-N ACIDITY ALK-T COND HARD-T D.O. FLOW
Date pH unit  pH unit mgil. mg/ll. mgil mag/t mg/. uSicm mgilL mgil. Lis
18/06/98 7.47 17 293 0.53
JAN 1999 - DEC 1399
Mean 7.47 17 298 0.53
Std. Devia 0 0 0 o]
Minimum  7.47 17 299 0.53
Maximum  7.47 17 289 0.53
Num. Val 1 1 1 1
STATION: VGSEEP, VG pit ramp ditch/seepage
PH-F PH-Lab TEMP-C S04-T TSS NH3-N ACIDITY ALK-T COND HARD-T DO, FLOW
Date pH unit  pH unit mg/k mg/iL mgl mail. mg/l  uSicm mg/L mg/l. s
18/06/99 .24 15 5048 1.8 0.5
JAN 1999 - DEC 1983
Mean 6.24 15 5048 1.8 0.5
Std. Devia 0 0 0 0 [y}
Minimum  6.24 15 5048 1.8 0.5
Maximum 6,24 15 5048 1.8 0.5
Num. Vai 1 1 1 1 1
STATION: VGGR, VG Creek at Grum turn off
PH-F PH-lab TEMP-C S04-T TSS NH3-N ACIDITY ALK-T COND HARD-T D.OC, FLOW
Date pH unit  pH unit mg/ll  mg/L  mg/l mg/L mg/lL  pSiem mgl/t mg/L s
20/06/98 7.54 5 [ 33 20
JAN 19899 - DEC 1999
Mean 7.54 5 6 33 20
Std. Devia 0 [} 0 0 o]
Minimum  7.54 5 & 33 20
Maximum  7.54 5 ) 33 20
Num. Val 1 1 1 1 ]

1999Vang-phys
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1999 WATER QUALITY LISTING FOR THE VANGORDA PLATEAU MINESITE

STAYION' V1, Vangorda Creek, upstrm of mine & Blind Cr. Rd

AGT AL-T AST BT B8AT BET BT CAT CDT CO-T CRT CUT FET KT LAT MGT MNT MOT NAT N-T PT PBT ST SBT SET ST SNT SRT  TET  WT  WT  ZNT
Date mgl  mgh  mgl mgl mgl mpl mgl mglh Mgk mgl mgl mgh mgl mgl mgL mgh mgh mgl mgl mgl mgL mgl mgl mgh omgl mgh mgl ML Mgk mgl mgl  mgh
1703/89 <003 024 <005 022 0043 <004 <04 177 <001 <£05 <005 0025 069 <1 <005 29 <0 <002 4 <005 <04 <03 4 203 <063 42 <01 0083 <005 <905 <03 004
18/06/89 <003 015 <005 008 0095 <001 <04 41 0002 0007 <005 9007 4148 1 <005 08 <01 BO2 2 <005 07T 0.4 2 <03 <03 12 <01 0043 0104 <005 <03 024
200799 <0001 Q.03 <00t 001 00167 <0001 <001 29 <0001 <0002 <0002 0002 007 €4 <0002 061 0001 <0005 08 <0002 <002 <001 14 <001 <001 246 <0004 0.0237 0.004 <0002 <001 0002
3108/89 <0001 0038 <00t 0.017 00245 <0001 <001 B.073 CG.O0051 <0002 <0002 00113 0421 042 <0002 0698 00017 00009 243 BED4 <002 <001 289 <00t <001 2702 <0004 00385 0.022 0007 <001 D.OO1S
1211089 <003 005 <005 <05 04131 <001 <04 98 0001 <005 <008 0013 Q2 <1 <005 16 <01 <002 3 <05 <04 <D1 3 <03 <005 43 <01 04051 0028 <005 <03 001
JAN 1959 - DEC {593
Mean 00018 0102 0003 0076 0062 00005 0024 §515 00018 00035 0.003% 06117 0892 ©76 0003 1322 00065 00052 245 0003 0171 0026 26 0018 0013 2112 00062 0049 0.033 0003 0018 00587
Std. Devin 00016 0091 0002 0086 00492 00005 0021 5857 00019 00031 0.0026 0.0086 1787 032 0003 0866 00047 0.008% 119 0003 033 0047 089 0016 0015 1073 00053 00219 0041 Q002 0016 01026
MiMmum 00001 003 0001 001 00167 00CO1 0001 28 0000 DOOO2 00002 ©OO2 007 ©O4 2ED4 061 0001 00001 08 ZED4 0002 0001 14 0001 0001 15 00004 00237 0004 2504 0001 00015
Maximum 0003 024 0005 022 0431 0001 004 4§77 00051 0.007 0005 0025 4,18 1 0005 289 oe1 00 4 0005 077 O 4 003 D03 43 001 9.083 0104 0005 003 024
Num. Va5 5 5 5 5 5 5 5 5 5 5 [ 5 5 5 5 [ 5 5 5 5 5 5 5 5 5 5 5 8 [ 5 5

AGD AL-D AS-D BD BAD BED BLD cAD CO-D COD CRD CUD FED KD LAD MGD MND MGD NAD ND PD PBD SD SBD SED SO SND SRD THD VD WD ZND
Date mgl  mgl mol mgh mgl mgh mgL mgl mglL mgL mgh mgl mgl mgl mgl mgl mgh mgl mgl mgt mgl mgl mgh mgl mgl mgl mol mgl mgl mgl mgl mgL
170399 <003 <05 <005 008 0005 <001 <04 171 <DO1 <005 048 0007 <01 <1 <005 29 0§ <002 3 <O08 <04 <Ot 5 <03 <03 37 <bi 0075 <005 <005 <03 <01
180688 <003 <05 <005 <05 <002 <001 <04 27 <001 <005 <005 <002 007 <1 <005 07 <01 <002 <1 <005 <04 <Dt 1 <03 <b3 01 <DI 004 <005 <005 <03 <09
200793 <0001 005 <001 005 0008 <0001 <001 278 <0001 <0002 Q007 00014 0034 02 3ED4 058 0001 <000t 1 0002 <002 <001 489 <00F <001 323 <0004 0027 0.00%f <0002 <00 0.002
310809 <0001 0006 <DO1 0075 0.0035 <0001 <001 7.726 <0001 <DOOZ <0002 0.001 <OM 02 <0002 0668 <0004 00002 232 <0002 <002 <001 248 <00§ <001 3538 <0004 00282 0001 <0002 <001 <0004
1211008 <003 <05 <005 <05 0002 <901 <04 62 <D <005 <005 <002 <M <« <005 11 <01 <002 2 <08 <04 <Df 3 <03 <005 3 <D1 0034 <005 <005 <03 <01
JAN 1999 - DEC 1899
Mean 00C18 0041 0003 0051 00041 00006 0.024 7.101 00006 00031 D.0994 00027 0021 068 0603 1,49 00063 00013 186 0003 0025 0006 268 0018 0.013 2714 00062 00408 0004 DBO3 0018 0.0065
Sid.Deva 0006 0.02 0002 CO015 00025 0.0005 0021 5959 0.0005 00026 02128 00025 0028 044 0003 0877 00051 0001 087 0002 0021 0005 15 0016 0015 1486 00053 00198 0002 0.003 0.016 0.0049
Minimum 00001 0006 0001 005 0002 00001 0601 27 00001 00C02 00002 0001 0001 072 2604 056 00004 00001 1 2804 000Z 0001 1 0001 0009 04 00004 0027 0001 2E-04 000§ 00004
Maxmura 0603 005 0005 008 0008 0001 GO& 175 0001 0C05 048 92007 007 1 0005 29 001 0002 3 0005 004 001 § 003 003 37 001 0075 0005 0005 003 001
Num, Valu & 5 5 5 5 § L 5 5 [ 5 [ 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
STATION: V2, Grum Creek, upsir. of Vangorda Ck

AGT  AL-T AST BT  BAT BET BT CAT €OT COT CRY CUT FET KT LAT MGT MNT MOT NAT NWT AT PBT ST S8BT SET ST SN-T SRT TeT  WT  WT  ZWT
Date mgh mgl mgL mgl mgl mgl mol mgl mgl wmgh mgl mgl mgl mgl mgl mgL mgl mgt mgh mgl mgl mgl mgh mgl mgh mgl mgl mgl mgl mgh mgl mgh
170385 <003 057 <006 021 0852 <001 <B4 {413 <001 <005 0335 0O% 05 3 <005 494 002 <002 10 <005 27 <01 67 <03 <03 87 <0! 0721 0017 <005 <03 Q.07
180689 <003 0.3 <005 041 0342 0001 <04 1375 <001 <005 <005 0032 461 4 0076 443 <Dt 0031 1§ <005 042 002 52 004 <03 B2 <01 0667 0056 0015 <03 019
100989 <003 041 <005 <05 0234 <001 <04 B84 <001 <005 <005 O0.017 003 2 0015 224 01 0004 5 <005 048 <0f 56 <03 <005 32 <01 0425 0013 0.0M3 <03 024
1210609 <003 0.46 <005 (05 0308 <001 <04 1108 0005 <005 <005 0027 018 3 <005 291 <0% <002 & 0007 <04 QO3 59 <03 <005 54  <D1 0528 0035 <005 <03 <01
13HZB9 <003 04% <005 009 0328 <001 <D4 1323 0003 <005 <005 0036 006 4 0006 329 001 <002 6 0018 <04 002 64 <03 <005 37 <01 0592 001 0043 <03 005
JAN 1998 - DEC 1999
Mean 0003 033 0005 04 0313 0001 004 1221 0002 0005 0071 003 048 3 0021 3BE 003 0008 B 0008 033 002 60 003 0015 48 0DO1 0587 0026 001 003 04
StdDevia O 0.2 0 DO 0047 O 0 222 0002 9 0148 0008 OF6 10631 141 094 0013 3 0006 053 001 [ 0 0014 13 0 0116 0019 0005 O 0.09
Minmem 0003 041 0005 005 0234 0001 004 834 0001 0005 0005 0047 003 2 00605 224 D01 0002 5 0005 004 001 52 003 9005 32 001 0425 001 G005 003 00
Maximum 0003 057 0005 021 0352 0001 004 1413 0005 0005 0335 0036 161 4 0076 404 ot 003 11 08 127 003 67 004 003 62 001 0721 005 0015 003 024
Mum.Valu 5 5 5 5 5 5 5 5 5 5 5 5 5 5 [ 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 [

AGD AL-D AS-D BD BAD BED 8.0 CAD CDD COD CRD CUD FED KD LAD MGD MND MO-D NAD N.D PD PBD S0 SBD SED S:D SND SRD ThD VD WD ZND
Date mgL  mgl mgl mgt mgl mgl mgl mgh  mgh mol  mgh mgl  mgl mgl mgl mgl gl mgl  mgl mgl mgh mol mgt mgl mgl mgl mgt  mgl mgl  mgl mgl mol
170389 <003 0351 <005 04 0095 <901 <04 1108 <001 <005 0319 0017 <01 3 <005 487 <01 <002 10 <005 45 <01 70 <03 <03 46 <01 0631 <005 <006 <03 <0
1800699 <003 <05 <005 <05 0124 <007 <04 1056 00C2 <005 <005 0013 004 3 0009 357 0411 0006 9§ <005 <04 <01 6O 005 <03 5 <01 0692 <005 <005 <03 <01
10/09/83 <003 <05 <005 <05 0038 <001 <04 618 <001 <005 <005 9007 <Dt 1 <005 {BE 003 <002 4 0008 <04 <01 64 <03 <DO5 26  <0f 0313 <005 <005 <03 007
121088 <003 <06 <006 <05 0071 <001 <04 1038 <001 <005 <005 0012 002 3 <005 293 <01 0004 8 Q008 <04 <01 64 <03 <005 A4 <01 05 0013 <005 <03 <Di
1312/98 <003 041 <005 <05 D214 <001 <05 986 <OB1 <005 <005 90009 <01 3 <005 253  <B1 <002 4 <005 <04 <01 49 <03 <005 27 <01 8448 <005 <005 <03 <01
JAN 1992 - DEC 1999
Mean 0003 007 0005 006 0408 0001 ©GO4 959 0001 0005 0068 0012 002 3 0005 309 003 0083 7 0006 013 001 61 003 0015 39 001 0517 0007 0005 003 902
Std Qevia 0 003 © 002 0067 O 0 197 0 o 0.14 0004 0.01 10002 103  o0f4 0092 3 0002 021 0 8 oM 0084 91 0 0.15 0904 0 [ 0.03
Minimum 0003 005 0005 005 0038 0001 0§ 618 0001 0005 0005 9007 0.01 1 0005 186 0OD1 0002 4 0005 004 001 48 003 0005 28 001 6313 0005 0005 0063 001
Meximsn 0003 031 0005 04 0214 0001 ©CO04 1169 0002 0005 0319 0017 o004 3 0009 457 041 ODOE 19 D008 O5 001 70 005 003 5 Q0% 0692 0013 0005 003 007
Num Vali 5 3 3 5 5 5 3 5 5 3 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
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1999 WATER QUALITY LISTING FOR THE VANGORDA PLATEAU MINESITE

STATION: V2ZA, Grum Creek Diversion to Moose Pond

AG-T  AL-T AST BT BAT BET BT CAT CBT COT CRT CUT FET KT LAY MGET MN-T MOT NAT N-T PT PBT ST  S8T SET ST SN-T SRT  TRT  w-T  WT  ZN-T
Date mg  mgl mgl mgh mgl  mglL mgl mgh mgl mgh mgl mgh mgl mgl mgl. mgA  mgl mgl mglL mgl mgl mgl myl mglL mgh mgl mpgl mgl mgl mgl mgl  mgl
0307K9 <003 052 <005 044 0158 <001 <04 4817 <001 O0OD6 <CO5 0033 081 4 0024 895 002 0.014 7 00807 <04 <01 136 <03 <03 64 <01 0836 <005 0007 <03 0.05
10/09/09 <003 02 <005 <05 0187 <001 <04 3549 0001 <005 0008 0024 005 3 0016 522 001 <002 6 0006 <04 002 423 <03 <005 37 <01 0611 0018 <005 <03 008
124009 <003 015 0007 005 0212 <001 <04 1208 0002 <005 0008 0031 015 3 <005 363 <0t <002 8 0008 <04 <01 B0 <03 <005 45 <01 0502 0032 <005 <03 002
JAN 4998 - DEC 1998
Mean 0003 029 0006 018 018 0061 004 1525 000t 0005 0007 0028 034 3 0Dbi5 527 00t DO00B 7 0007 o004 061 143 003 0013 48 001 065 008 0006 003 005
Std.Devia 0 02 0001 023 0027 0 0 305 00Ot 00DF 0002 0005 041 1 601 166 001 0007 1 0002 0 061 29 0 bo14 1.2 0 047 0014 0001 @ 0.03
Minimum 0003 046 0005 005 0158 0001 004 1208 0007 0005 0.005 0024 005 3 0005 363 001 0002 6 00D 004 OO B0 003 0005 37 001 0502 0005 9005 003 0.02
Maxmum 0003 052 0007 044 0212 0001 004 1817 0002 0006 0009 0033 081 4 0024 695 002 0014 8 00039 004 002 136 003 003 64 001 0836 0032 0007 003 008
Num. Valu 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

AG-D ALD ASD BD BAD BED BID CAD CBD CO-D CRD CUD FED KD LAD MGD MND MDD NAD NKD PD PBD SD SBD SEP SKD SND SRD THD VD WD ZND
Date mgl mgl mgl omgl mgl mgl mgl mgl mgl mgh mgl mgh mgl mgl mgl mgh mgl mgl mgL mgh mgl mgh mgl mgl mgl mgl mgl mgh mgi mgl mgl mgl
0307H9 <003 G5 <005 021 04 <001 <B4 3275 <001 D041 <005 0016 048 3 <905 619 03  0.005 6 0007 <D4 <01 126 <03 <03 5 <01 0658 <005 0016 <03 <0f
10M09/99 <003 011 <005 <05 0064 <001 <04 1484 <001 <005 0006 0017 <ot 3 <005 564 0DZ <002 7 0003 <04 <01 141 <D3 <005 43 <0% 0644 0005 <005 <03 005
121009 <003 <05 <005 <D5 Q037 <001 <04 1187 <001 <005 <005 0012 003 3 <005 368 <01 0.004 T 0013 <04 <01 90 <03 <00§ 37 <0f 0482 CO11 0008 <03 <01
JAM 1998 - DEC 1989
Mean 0003 01 0005 Q.4 0087 0001 004 1315 000f 0007 0005 0015 047 3 0005 517 041 0.004 7 001 004 01 418 003 0013 43 001 0558 0008 Q01 003 002
Std.Devia 0 005 0 00§ 0032 0 0 15.3 0 0003 0001 0003 027 0 0 131 0d6 0002 1 0003 O 0 26 0 0014 07 0 00S2 0003 00C6 O 0,02
Minimum  0.C03 005 0006 005 0037 0001 004 1187 0003 0005 0005 0012 001 3 0005 359 003 0002 6 0OD7 004 041 90 003 0005 37 001 0482 0005 0005 003 004
Maxmum 0003 015 0005 021 041 0001 004 1484 0001 0011 0006 0017 048 3 0005 619 03 0005 7 0413 004 001 41 003 003 5 001 0658 0017 0016 DO 005
Num. vair 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
STATION: V4. Shrimp Creek, upstr. of Vangorda Creek

AG-T AL-T AST BT BAT BET BT CAT CD-T COT CRYT CU-T FET KT LAT MGT MNT MOT NAT NL.T PT PBT &T S8BT SET ST SN-T SRT  TRT  W-T  W-T  ZN-T
Date mgl.  mgl mgl mgh mgl mgl mgl mgl mgl mgh mgl mgl mgl mgl mgl mgk mgl mglL mgl mgl mgl mgl mpl mgl omgl mgpl mgl mpl  mgl mgl.  mgl  mgl
16/038% <003 03 <005 017 0429 <001 <04 1123 0001 <005 0694 003 012 1 <005 434 003 <002 7 <005 087 <01 45 <03 <03 54 <01 0479 0006 <005 <03 005
180609 <003 123 <005 01 0944 <001 <04 624 <001 <005 <CO5 0008 256 2 0006 267 C03 0015 3 <005 045 <0t 12 <03 <03 48 <01 0206 0041 <005 <03 007
20/07A% <0001 024 0003 902 00806 0.0003 <801 6404 <0001 <0062 0004 00273 0342 09 0003 2593 0033 <0001 21 0002 <002 0005 107 <001 <001 435 <0004 0207 001 <0002 <001 0.008
12/1009 <003 016 <005 <05 0168 <061 <D4 79 0002 0006 <005 0025 046 2 0007 317 006 <002 § 0008 <04 <0T 29 <03 <005 49 <01 0342 0026 <008 <03 <Di
AN 1999 - DEC 1999
Mean 0.0023 048 0004 009 0.4254 00008 003 7939 0001 0004 0177 00228 087 35 0005 3193 0036 00048 43 0005 0291 0009 222 0023 0016 486 00076 03285 DO21 0004 0023 0035
Sid. Devia 00015 05 G001 007 00461 00004 0015 2305 00008 00026 0345 00094 1435 ©6 0002 806 0045 00069 22 0002 0457 0002 159 0014 0016 043 00048 0.1146 0016 0002 0.014 0.031
Midmum 00001 0.6 003 002 0.0606 00003 D001 624 00001 00002 0094 0009 042 ©9 ©O03 2593 003 00001 21 0002 0802 0005 107 0001 000t 435 00004 0207 0006 2604 0091 0008
Maxmum 0003 123 0005 037 O©G168 000t D004 1121 0002 0006 0694 003 256 2 0007 434 0O5 00 7 0008 097 001 45 D0O3 003 54 001 0473 0041 0005 003 007
Num.vak 4 4 4 4 4 4 4 4 4 4 4 4 I 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

AGD AL-D ASD BD BAD BED B-D CAD CDD COD CRD CU-D FED KD LAD MGD MND MOD NAD N-D PD PBD SD SBD SED SO SND SRD TID WD W-D ZND
Date mgl mgl mgl mgL mgl mgl mgl mgl mgl mgl mgli mgl mgl mgl mgh mgh mgl Mgt mpl mgl mgl mgl mgl mgl mgl mgk  mgl mgl mgl mgl mglL  mgl
160398 <003 008 <005 008 0033 <001 <04 B57 <001 <005 0537 0015 <04 1 <005 407 <01 <002 6 <005 057 <01 47 <03 <03 47 <0f 0408 <005 <005 <03 <01
18/06M09 <003 027 <005 <D§ 0058 <001 <04 606 <001 <005 <006 OO0 027 2  GOI6 263 003 0004 4 <005 <04 <O 3 <03 <D3 45 <07 0297 0007 <005 <D3 <01
29/0708 <0A01 002 <001 0,02 00278 00007 <001 6129 <0001 <0002 <0002 0.0104 <001 ©G6 <0002 2481 0002 <0001 2 0001 <gb2 0003 45 <00f <001 156 <0004 00874 0005 <0002 <009 0001
121108 <003 <05 <005 <05 0024 <001 <04 767 <001 0006 <005 0007 009 2 <005 318 001 <002 5 <005 <04 <01 22 <P3 <005 4 <0 0341 0007 <005 <03 <01
JAN 4999 - DEC 1899
Mean 0.0023 041 0004 005 00357 00008 0.03 7107 0000 0004 01368 0006 ©0.093 14 0007 309 O0OM3 0002 42 0004 0.163 0008 241 0023 0016 369 00076 02833 0005 0004 0023 0008
Sid. Devia 0.0015 011 0002 003 00153 00005 0019 1226 00005 C.0026 02668 00033 €125 OF 0007 749 0012 00016 17 0002 0272 0003 158 0014 0016 145 0O0C48 0.4384 0003 0.002 0.014 0.004
Minlmym  0.0001 002 9001 002 0024 00C01 DOOt 606 00001 00002 00002 0.007 ©.00t 05 2604 2481 0002 00001 2 0001 @002 0003 13 0001 0001 156 00604 00874 0001 2E-04 0001 0001
Madmum 0003 027 0005 008 0058 0001 o004 857 0001 0006 06537 0016 027 2 0016 407 ©D3 0004 6 00O 057 001 47 093 003 47 001 0408 0007 0005 063 00f
Num. Vat 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 a 4 4 4 4 4 4 4 4
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41899 WATER QUALITY LISTING FOR THE VANGORDA PLATEAU MINESITE

STATION V5, west fork Vangorda Creek

AGT ALT AST BT BAT BET BT CAT CDT COT CRT CUT FET KT LAT MGT MNT MOT NAT NLT  RT  PBT ST S8BT SET ST SNT SRT  TRT  WT  W.T  ZN-T
Date mgl mgl mgl mol mel mpL mgl mgl mgl mgl mgl mel mgl mgli mgl  mgl mel  mgdh  mgl mgl mgl mgl mgl mgl mgl mol mgl mgl mgl mgh mol mgl
190109 <003 027 0028 025 016 0001 <04 1825 OD0O6 <005 0086 003% €18 3 <005 862 <01 0005 11 <005 <04 <01 145 <03 <03 63 <01 0844 0022 <005 <03 002
230209 0.007 047 <005 0325 0098 <001 <04 2442 <001 <005 0299 0036 0.1 4 0031 1342 <01 0009 16 <005 &1 <81 177  <D3 <p3 93 <01 1081 0027 <005 <g3 008
230308 <003 037 <005 0325 0428 <001 <04 1403 Q00T <005 06 0031 008 3 ODOMG V96 027 <002 9 <005 €55 <01 863 <03 <03 49 <0f O716 0009 0007 <03 008
20/04/9% <003 031 <005 044 ©DDYS 0001 <B4 955 <00F <005 <005 0024 044 2 <008 536 003 0009 B <0058 61 <01 65 <03 <03 45 <0F 0404 0020 <085 <05 OO
18/05/% <003 124 <005 <05 0456 0002 <04 318 <00§ <005 <005 OO16 216 2 <005 12 008 0003 3  0OB8 316 <01 <03 <03 42 <01 0449 0099 0009 <D3 005
20ME@9 0.003 1382 <005 008 038¢ <0 <04 391 <001 <005 0424 0044 2527 4 0027 208 023 <002 4 002 <04 005 11 <03 <03 27 <01 0497 0399 0034 <03 <01
2000799 <0005 467 <001 001 0157 00003 <001 427 <DODY <0002 0O1S 00204 7337 14 0005 182 O0.11% <0001 24 0016 0195 0018 112 <001 <001 BE5 <0004 04592 0433 00%1 <001 0032
31/08/89 <0001 0,082 <001 0.045 0.0495 B.000Z <001 $805 0.0023 00004 <0002 0.0082 6242 061 <0002 22277 C.0088 00009 529 <0002 <002 <001 2083 <001 <001 2795 <0004 01678 0013 <0002 <001 <0004
$210/9 <003 02 <005 <05 0152 <001 <04 615 <001 0007 <005 0024 0B 2 0008 245 002 <002 05 <005 <04 002 25 <03 <005 47 <01 D253 0023 <005 <03 <01
141269 <003 026 <405 <05 014 <001 <04 781 0002 <005 <005 0025 006 5 <005 289 001 <002 4 D02 <04 <01 32 <03 <005 3 <01 0262 0008 0008 <03 003
JAN 1999 - DEC 1999
Mean 00028 2468 0007 0138 05534 0.00% 0032 97379 0.0016 0.0043 01447 00265 3.666 272 0.011 48078 0078 00035 677 0009 0827 0015 637 0024 0019 7.634 00089 04253 0068 0.00% 0024 00282
S10. Deia 00019 432 0008 DO0S7 00906 00008 0016 70.346 00015 00022 0.1946 0.0107 7.943 132 o001 39837 00974 00032 426 0007 12 0043 £107 0092 0094 7.173 0004 03343 0122 D009 0012 00247
Minmum 00001 0082 0001 001 00495 00002 0001 318 0000t 0.0002 0002 0.0092 006 084 2E-04 12 Q0088 0000 24 2E-04 0002 0601 11 0001 0001 2795 0.0004 0149 0008 2E-04 0001 00004
Maxmum 0.007 1382 0028 0% 0388 0002 004 2442 0006 0007 05 0044 2527 5 0031 1342 027 0003 {6 0021 346 Q05 177 003 003 27 00% 1081 0399 0034 003 008
Num, Valt 10 10 10 10 10 10 16 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 q 10 10 10 10 10 10 10 10 10

AGD AL-D ASD 8D BaD 86D B8O CAD CDD COD CRD CUD FED KD LAD MGD MND MOD NAD NWD PO PBD SO SBD SED SO SND SRD THD VD WD ZND
Date mol. mgl  mgh  mgl  mol mgh mgh mgl mgl mgl mgl mgh mgh mgl wmgt mgl mghi mgl mgl mgl mgh mgl mgl mgl mpl mgt mgl  mgl mgl mgl mgl mgl
230289 <003 Q18 <005 0.2 0031 <00 <04 1801 <001 0Q0B 004 0095 <01 3 <005 1065 07 OOM® 12 <005 281 <01 <D3 <03 69 <f1 0825 0014 <005 <03 <01
230359 <003 04 <005 <05 0035 <001 <04 1093 <001 <005 <005 0016 <01 2 <ats BS54 <01 <002 8 <005 084 <01 &25 <b3 <D3 4 <01 058 <005 <005 <03 <Di
200489 001 <05 001 <05 0031 0002 <04 1026 <001 0012 <005 0021 005 3 0014 561 041 <002 7 0011 024 <01 63 <03 <03 42 <01 0384 0023 <005 <03 <0f
160569 <003 008 <905 <05 0036 0002 <04 311 0003 <005 <005 0002 <01 2 <005 117 002 0048 2 <005 032 004 <03 <03 23 <01 0135 <005 <005 <03 0Ot
200689 <003 094 <005 <05 003 <001 <04 329 <001 <005 <005 0006 094 2 0009 126 024 0003 3 <005 <04 <01 11 0O3 <03 53 <0f 0439 0028 <005 <03 003
290789 <0001 032 <001 007 00357 0.0001 <001 4086 <0001 <0002 0.003 00101 001 07 <0002 17.41 0002 <0001 24 0001 <002 0002 163 <001 <00f 272 <0004 DO8S2 0OO2Z 0 <00t <0004
3108/e9 <0001 0022 <001 061 00207 D000 <001 55588 00003 <0002 <0002 0.0028 0004 079 <0002 21317 00025 00004 606 <0002 <002 <001 1983 <001 <00 3205 <0004 01458 0002 <0002 <001 <0004
1240/09 <003 <05 <005 <05 0025 <004 <04 585 <001 <005 <CO5 0007 001 2 <005 241 <fH <002 5 0008 <04 <01 26 <03 <005 4 <01 0254 0007 <005 <03 <01
14/12/89 <003 <03 <005 <05 0108 <001 <04 823 <00 <005 <005 D06 <01 1 €005 313 <01 <002 3 <005 <B4 <0t 35 <03 <005 34 <01 0303 <005 <005 <03 <of
JAN 1999 - DEG 1959
Mean 0.0031 0199 0005 6.431 00392 0001 Q031 77025 0001 0005 00081 00094 0447 183 0005 38492 0.1305 00088 627 0005 0482 0041 374 0024 0018 4013 00079 03172 001 0004 0024 00101
Sid.Devia 0.0029 0203 0003 G0.186 00263 00007 0.017 45108 0.0008 00036 00121 00064 0309 0.86 0004 31.713 02277 00161 326 0003 0814 0041 2773 0043 0014 1393 0.0042 02454 0009 0002 0013 00085
Minimeom ©0001 0022 0001 005 00207 00001 0001 311 00001 00002 00002 0002 0004 D7 2604 147 0002 00001 2 2604 0002 000 i1 0001 0001 23 00004 00892 0002 © 0001 00004
Ma¥mun 001 094 001 06% 0408 0002 004 4804 0003 0092 004 0021 084 3 0014 1065 07 0049 42 0011 281 004 825 003 003 69 001 0826 0028 0005 003 003
Nom, Vel 9 g 9 9 9 8 9 9 3 9 9 g 5 9 8 9 9 g 9 9 9 9 7 9 a 9 8 9 g g g 8
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41983 WATER QUALITY LISTING FOR THE VANGORDA PLATEAU MINESITE

STATION: VBA, AEX Creek

AGT ALT AST BT BAT BET BT CAT GOT COT CRT CUT FET KT AT MGT MNT MOT NAT NPT PBT ST S8BT SET ST SN-T SRT  THT WT  W-T  ZN-T
Date mgl  mgh  mgh mgl mgl mgL mgl mglh mgl mgi mghi mgdh mgl mgl mgl. mgh mgl mgl mgl mgl mghi mgl mgl mgl mgi mgl mgl mgl mgl, mgpl mgh.  mol
22/03/99 <003 038 <005 021 0107 <00t <04 594 <001 <005 0335 0027 O.11 3 <005 167 003 <002 4 <005 072 002 168 <03 <03 7 <01 0317 0006 DOOS <03  DOS
03/07H9 <003 046 <005 049 0041 <004 <04 154 <001 <005 <005 0009 1 <1 <005 28 001 <002 1 <008 <04 <D 4 <03 <03 61 <01 0088 <005 001 <03 003
10/09/99 <003 0142 <005 <05 042 <00%f <04 244 <001 Q007 <005 0014 03 <1 <005 39 002 BO3I7 2 0008 <04 <0f B D05 <005 3B <01 0418 00{1 <005 <03  DO4
12H0K9 <003 008 <005 <05 0139 <00% <04 251 0001 <005 <085 0014 03 <1 <005 45 <0t <002 3 <008 <04 <Di 6 <03 <005 &7 <01 0425 0045 <005 <03  DOf
1412/89 <003 022 <005 D007 0125 <D0f <04 358 0005 <DOS <005 0032 028 B 0014 5% o004 0005 2 0032 007 OO6 7 003 <005 32 <01 045 0009 0022 <03 006
JAN 1999 - DEC 1969
Mean 0063 025 0005 047 0106 0001 004 34 0002 0005 0083 0019 04 3 007 67 00z 001 2 0011 o138 002 82 003 0915 51 001 016 0009 001 003 OD4
Std.Devia 0 016 0 019 0838 0O D 211 G002 0001 OAY4 091 035 3 0004 57  0DF OO5 1 0012 03 002 51 001 0914 16 0 0091 0004 0007 0 003
Minimum 0003 008 0005 005 0041 0001 004 154 0001 0005 0005 0008 011 1 0005 26 001 0002 1 0OBS 004 OD% 4 003 0005 32 001 0088 0005 0.005 003 001
Maxmum 0003 D46 0005 049 0433 00G1 004 694 0£O0D5 0OO7 0395 0432 1 8 0014 167 004 0037 4 0032 072 006 168 005 003 7 001 0347 0015 0022 083 008
Num, vals 5 5 [ [ 5 5 3 [ 5 5 3 5 5 5 8 5 5 8 5 5 5 5 5 5 5 5 5 5 3 [ 5 [

AGD ALD ASD 8D B8AD BED BI-D CAD CDD COD ©RD CU-D FE-D KD LAD MGD MND MOD NAD N-D PO PBD SD 88D SED SO SND SRE §-D . vD WD ZND
Bate - mgh- mgl- mgt - mgh o mgh mgl mgl - mgh - mgh mgh omgt mgh mgl mgL mpl  mghl T mgl Mgl mgl mgl  mghl mgl mgl mgl mgl mgl mgh  mgl mgi mgl mgh mgl
220309 <003 007 <005 <05 0023 <00f <04 578 <001 <005 0414 0042 <01 3 <005 147 <01 <002 3 <005 046 <01 163 <03 <03 56 <07 0254 <005 <005 <03  <0f
0307/09 <003 <05 <005 028 0007 <001 <04 $17 <001 <005 <DO5 <002 054 <1 <005 27 003 <002 <1 <005 <04 <01 3 €03 <03 45 <01 0025 <005 <005 <03 <0t
1009/89 <003 <05 <005 <05 0019 <001 <04 212 <001 <DOS <085 0003 D004 <1 <005 4 <01 <002 2 <005 <04 <01 5 <03 <005 41 <01 0166 <005 0008 <03  <pi
12/009 <003 <05 <005 <05 D0Q08 <001 <04 242 <001 <DO5 <005 <002 003 <1 <005 6% <0l <002 3 <005 <04 <01 & <03 <D05 43 <01 0423 <005 <005 <03 <01
14H2/99 <003 <05 <005 <05 0o <001 <04 387 <001 <005 <005 oo0c8 009 k] =.006 53 <01 <.002 1 0003 <04 <01 7 <03 <005 35 <01 0.163 <005 0.014 <03 <01
JAN 4999 DEC 1988
Mesn 0003 D005 0005 01 0029 0061 004 307 0001 0005 0027 0005 0.4 1 0005 66 061 0002 2 0006 Q12 001 73 003 0015 44 005 0134 0005 0007 003 001
St¢.Dea & 091 D 01 06838 o 0 18 0 0 0049 0004 022 1 0 a7 oM 0 1 ppgz 043 0 52 0 0034 07 0 0084 D 0Oxd4 O o
Minmum 0003 0.05 0005 005 0007 0001 004 117 0001 0005 0005 0002 001 1 0065 27 0bB1 0002 1 0805 004 O 3 003 0005 36 001 0025 0005 0005 083  00#
Maximum 0003 007 0005 028 009 GO 004 578 0861 0005 0114 0012 054 3 0005 47 0063 0002 3 0009 046 OM 163 003 003 56 001 0254 0005 0014 003 001
Num Va5 5 5 [ 5 5 5 3 5 5 3 5 5 5 [ 8 5 § 5 5 5 5 5 5 5 5 5 5 5 [ 5 5
STATION: VGMAIN, Main Fork Vangorda Creek

AGT AL-T AST BT BAT BET BT CAT COT COT CRT CUT FET KT AT MGT MNT MOT NAT NET  PT  PBT &T S8BT SET ST SNT SR.T  TRT VT W-T  ZNeT
Date myl. mpt mgl mgl mgh mgl mgL mgl mgl mgh mgL mgl mgh mgl mgt mgl  mgh  mgl mght mglL mgl mgl mgh mgL mgl mgl mgl mpl mgl mgl mapl  mgt
20/04/99 <003 006 <005 034 0074 <001 <04 555 0002 <005 <005 0C14 003 1 <D0 262 DOZ 00H1 5 <005 06 <0 36 <03 <03 3  <0f 0274 0014 <005 <03 0.02
iB/05/09 <003 D74 <005 <05 (0137 0002 <04 258 <001 <DO5 <005 0.021 148 1 0007 85 005 004 2 ooe? 074 <0f <03 <03 33 <0F 0123 <005 <005 <03 008
20/06/99 <003 65 <005 006 0105 <001 <04 105 0002 <005 0049 0009 1.78 1 0007 38 0Dz <002 2 <005 182 <Df 3 =03 <03 28 <0f 0084 002 <505 <03 012
290799 <0001 011 <001 002 00327 <0001 <001 20008 <0001 <0062 0003 00165 0206 04 <0002 665 0005 <0001 13 0002 CO61 0005 51 <001 <001 30% <0004 00708 DOO5 <0002 <001 0024
1211009 <003 01 D005 <05 0449 <001 <04 368 0002 0O0B5 <005 0022 05 2 D006 125 <01 <002 4 0018 <04 <01 14 <03 <005 39 <01 017 0018 <005 <03 003
JAN 1599 - DEC 1999
Mean 0.0024 033 0004 006 00995 0001 0032 2974 00014 00C4 005 00165 0729 44 DOO5S 1§55 0021 0011 29 0007 0672 0009 145 0024 0019 322 0OAB1 04456 0012 0004 0024 0055
Std. Devia 00013 033 0002 005 00474 00007 G017 17.27 00009 0021 0019 DOCS3 0832 O©G6 0003 578 0017 00167 16 0006 0765 0002 151 ©GOI12 0016 042 00043 00818 0007 0,002 0.013 0044
Minimom  0.00G1 006 0091 002 900327 00001 G001 165 00001 C.00CZ 0005 0009 003 G4 2E04 38 0005 00001 13 0052 004 0005 3 0001 000F 28 00004 D008 0005 2E-04 0.001 002
Maximem 0003 074 0005 044 0148 0002 004 555 0002 0005 0049 0022 178 2 DOO7T 262 005 004 5 0018 1982 001 36 03 O3 39 00T 0274 002 0005 003 042
Num. Va5 5 5 5 & 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 4 5 5 5 5 5 5 5 5 5

AGD ALD ASD ©D BAD BED 80 CAD CDD cCOD CRD CuD FED KD LAD MGD MND MOD NAD MNP #0 PBD SD SBD SED SO SND SRD THD VD WD  ZND
Date mgl  mgl  mgl mgl mgl mgl mgl mgl mgl mgl mghi  mgl mgl mpl mgh mgl mgl mgl mgh mgl mgl mgl mgl mgl mgl mgl mgh mgl mglL mgl “mgh  mol
2004789 <003 <05 <bO5 <08 0025 04D <04 652 <001 <005 <005 0008 <01 2 <005 315 £O? <002 5 <005 086 <01 42 <03 <03 32 <B1 0307 0011 <005 <03 <O
1805/89 <003 006 <005 <05 003 0002 <04 258 <001 <005 <005 0003 <01 1 <.005 86 0.08 0.61 2 <005 .25 <01 <03 =03 23 <01 042 <005 D03 <03 .02
2006099 <003 <05 <005 <05 <002 <001 <04 B8 <001 <005 <005 <002 D043 <1 <005 28 006 <002 2 <006 <04 <01 2 <03 <03 14 <Dl 0067 <005 <0056 <G5 003
200749 <0005 002 <001 003 00145 00001 <GB0 1921 <B0O1 <0002 <Q002 9.0054 0.008 0.4 <0002 £37 0001 <0801 1.3 0001 <002 000t 68 <001 <001 366 <0004 00638 0002 £00% <081 <0004
121059 <003 <05 <005 <05 002§ <001 <04 346 <001 <005 <005 <002 ©DO2 1 <005 116 <Di <DB02 4 <005 <04 <01 5 <03 <005 33 <01 0189 <005 <005 <03 <01
JAN 1993 - DEC 1998
Mean 00024 005 00604 005 00191 0001 0032 3074 00008 0004 0004 00043 0038 1.1 0004 1215 004 00032 25 0004 0438 0008 165 0024 0039 271 00031 01494 0006 0005 0024 00141
Si Devia 0.0013 002 0002 001 04111 00007 0017 2145 00004 00021 00021 0002 0053 06 0002 1125 0032 00538 16 0002 058 0004 479 0083 0045 102 00043 0117 0003 0003 0093 00412
Mimum 0000 002 0001 003 0002 00001 0001 &8 00001 Q0002 00002 OODOZ 0008 04 2E04 29 0001 00001 13 Q001 o002 000 2 0DOD1 0001 1% 00004 00638 0002 0001 0001 00004
Maxmum G002 006 0005 005 003 0002 ©O4 652 G001 0005 0005 0008 G613 2 0005 316 007 OB § Q005 125 001 42 003 003 366 061 0307 0011 001 003 CO3
Num Valu 5§ 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 & 5 4 5 5 5 5 5 5 5 5 5
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1989 WATER QUALITY LISTING FOR THE VANGORDA PLATEAU MINESITE

P
STATION; v8, lower Vangorda Creek

AGT ALT AST BT BAT BET 8T CAT CDF COT CRT CUT FET KT LAT MGT MNT MO-T NAT N-T PT PBT ST SB8T SET SF SNT SRT THT VT W-T ZNT
Date mgl mghi mgl mgl mgl mgl mgl mgl mgl mgl mgl mgl mgl mgi mgl omgl mgl mgl mgl mgl mgi mgl mgl mgl mgi mgl mgl mgl mgh mgl mgl mgh

16/01/88 <003 043 «<Q05 02 0085 <001 <04 1008 0001 <005 0089 0Q.034 0.04 3
2362/59 0011 03 <005 04 D082 <004 <04 3073 <001 Q005 <005 9026 <0 2
22/03/39 <003 033 <005 023 031 <001 <04 409.7 <001 <005 0099 0034 028 3 0006 Ti4 0.39 <002
20/04/89 <003 013 Q016 014 0077 0001 004 759 <001 0009 <005 002 0.09 2 <005 4086 9.1 0.003 <005 034 oM 52 <03 <03 3.4 <01 0354 002 <005 <03 <01
18/05/99 <003 046 <005 <05 0132 0002 <04 255 <001 <005 <005 0017 097 2 <005 104 904§ <002 001 086 <M <03 <03 A <0 0138 <005 G006 <03 045
2
06

<005 485 0.54 <.002
2003 473 088 0005

<005 <04 003 63 <63 <03 5 <01 0474 0012 <D05 <03 002
c.01 121 <0 45 <03 <03 53 <01 0511 0018 <005 <03 0.06
<005 126 <0 ag <03 <03 47 <01 0543 <008 <005 <03 0.08

RNN? WD~

2006/88 <003 257 <005 <05 0134 <001 <04 145 <0M <005 0098 (005 455 <005 64 007 <002 <005 3468 <01 4 <03 <03 586 <0 0104 D006 <005 <03 008
2900788 <0001 109 <00f 001 00577 0ORO2 <00 2735 <0001 <0002 D012 0Q.0204 1.745 0 105 0036 <0001 16 0004 <002 0007 7.3 <001 <00f 423 <0004 00988 0033 0.002 <001 0024
30/08/99 <0001 0065 <00% 0.008 00421 00001 <CO1 35718 0.0007 0.0002 <0002 0.0081 0.157 076 <0002 12668 00178 00005 38 <0002 <002 <001 1242 <001 <DO% 291 <0004 0.1238 0903 <0002 <031 00054
12140/89 <003 012 <005 <05 0451 <001 <04 481 0002 0008 <005 002 018 2 <.00& 19 COS  «002 5 0008 <04 002 20 <03 <005 45 <0t 023 0016 <005 <03 <01
141289 <003 026 0016 005 0138 <00 <04 594 0005 <0058 <005 0034 005 7 0034 215 006 <002 3 0034 014 004 25 006 <005 26 <0% 0234 0011 001 <03 004

JAN 1999 - DEC 1999

Mean 00032 0845 0006 01419 0.101% 00009 0032 60837 00014 Q.0048 00323 0.0299 0.807 244 0007 28796 0.22904 00026 474 0009 0745 0015 3518 0027 0019 4.134 00081 0.2811 002 0005 0.024 0.0388
Std. Ceva 0.003 0771 0005 0126 0037 0.0005 D016 35.689 00014 0.0029 0.0437 00104 1427 1,78 001 21809 023168 00023 267 0009 1082 0012 286 0017 0014 1064 0004 04759 0018 0003 Q012 0.0304
Miimum 00001 0.065 0001 0008 00421 0.0001 0001 145 00001 00002 00002 0005 001 06 0 64 00178 0000t 16 2E.04 0.002 0.01 4 0.001 0001 26 00004 DO988 0.005 2E-C4 9.001 0.0054
Madmum 9.014 257 0016 0.4 04561 0002 004 1097 0005 00689 00889 0034 455 7 0034 7i4 098  C.008 9 0034 346 0.04 88 006 003 56 001 0543 0086 001 003 0.08

Num, Vaur 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 0 10 10 9 10 10 10 10 10 10 10 10 10
AGD ALD ASD 8D BAD BED B.D CAD CDO COD CRD CUD FED KD LAD MGD MND MDD NAD N0 PD PBD SD SBD SED SKD SND SRD TID VD WD ZIND

Dale mgl mgl mglL mgl mgl mgh mgl mgl mgl mgl mgl gl gl mgl mgl mgt  mgl mgl mgl mpgl mgl mgl mgt mgl mgl mgl wmpl mglt mgl mgi mgt mgl
2302063 <003 007 <005 025 0025 <001 <04 949 <001 <005 004 0007 <01 1 <005 431 063 <092 6 <005 411 <O <03 <03 A7 <01 045 0008 <005 <03 <01
2303/8% <003 01 <005 <05 0031 <901 <04 5047 0003 <C05 0035 0022 <0f Z <005 562 Q03 <002 & <005 053 <0l 797 <D3 <03 44 <01 0488 <005 <005 <03 <
2004898 <003 <95 006585 <05 0023 0001 <04 824 0001 <805 <D0 Q041 <01 2 <005 463 01 <002 7 <005 055 <01 58 <03 <03 36 <0f 0386 0014 0011 <03 <M
180588 <003 <05 <005 <05 0033 0002 <04 293 0002 <005 <005 <002 <01 2 003% 04 006 0004 2 0008 <04 <Ot <03 <03 22 <Di 0434 <005 <005 <43 042
200689 <003 D07 <005 <0S <002 <001 <04 95 <001 <005 <005 <002 021 <1 <005 33 007 <002 <f <005 «<D4 <Of 4 <03 <03 07 <01 0084 <005 <005 <03 003
29407/99 <0001 Q.35 <001 007 00223 <0001 <001 2647 <0001 <0002 0005 0006 0003 06 <0002 1005 0001 <0001 1.7 0004 <002 <OM 402 <001 <001 341 <0004 Q065 0001 0001 <001 <0004
30/0899 <0001 0003 <001 028 00089 <0001 <001 3418 00002 <0002 <0002 00011 0.001 056 <0002 12113 D006 00001 364 2E-04 <002 <OMH 1188 <00 <001 3.448 <0004 0.0791 0001 2E-04 <001 <0004
12/40/99 <003 <05 <005 <05 0021 <001 <04 405 <001 <b0S <005 D006 005 2 <005 153 00F <002 3 0008 <04 D01 20 <03 <005 28 <01 0.484 0006 <005 <03 <01
3 0007 <04 <01 28 <03 <006 32 <01 0265 <005 <005 <03 <01

14/42/89 <Q03 <05 <006 <05 0114 <001 <04 666 <001 <005 <005 0.011 <01 2 <005 243 005 <002

JAN 1999 - DEC 1599

Mean 0.0c24 0067 0.01 0.4 0031% 00009 0.031 54128 0.0011 0.0039 00117 00075 0035 145 0007 24563 01125 00018 393 0005 0262 0008 3025 0024 0018 314 00079 0235 0006 0005 0024 090112
Std. Devia 00013 004 0017 0094 00326 00006 0.017 33665 00009 0.002% 0.0148 00056 0.067 067 0009 19109 041975 00012 248 (.003 0388 0004 28.15 0013 0014 1.185 0.0042 01693 0.004 0003 0013 00092
Minimum  0.000% 0.009 0001 005 0002 00001 0001 95 00001 00002 0.0002 0.0011 0.001 05 2804 33 0.001 00001 1 2E-04 0,002 0.001 4 0001 0001 07 00004 0064 0001 2E04 0001 0.0004
Maxmem 0003 015 0055 028 0194 G002 004 1047 0003 COO5 004 0022 021 2 0031 562 063 0004 8 0008 111 001 797 003 003 47 001 0488 0014 0011 003 003
Num.Vale 9 9 9 g 9 ] 9 9 L] 9 ] | 9 a g 9 g 9 9 ] 9 9 7 9 9 8 £l 9 9 9 9 9
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1999 WATER QUALITY LISTING FOR THE VANGORDA PLATEAU MINESITE

STATION: V45, Suphide cell sump, Grum Dump

AGT ALT AST 8T BAT BET BLWT CAT CO-T COT CRT CUT FET KT LAT MGT MNT MOT NAT N:T PT  PBT 8T S8BT SET 8T SN-T SRT TRT  WT  W.T  2ZN-T
Date mgl mgl mgl mgh mgh mgh omgl mgl mgl mgl omgh. mgl mgi mgl mgh mgl mgl, mgl mgl mpl mgl mgl mgl mgh mgh mgl mgh mgl mgl mgl mgl mgh

17/03/89 <003 026 <005 019 40316 <00% <84 4336 000t <005 0496 0032 006 F4 <005 4841 <04 <.002 9 <005 125 <1 &7 <03 <03 81 <01 0735 00066 <005 <03 0.03
Q3/07/99 <003 051 <005 051 0404 «<00% <04 1543 000% <005 <005 0027 091 3 0057 532 0.01 0.003 8 <005 <04 0,02 72 004 <03 77 <01 0986 <005 0016 <03 0.02
50/05/89 <003 021 <005 <05 D044 <001 <04 1538 <007 <005 <005 Q023 005 3 <005 564 003 0006 7 <605 024 <01 a4 <03 <005 52 <01 0837 0019 0.018 <03 0.04
1211069 <003 021 0007 <05 0412 <001 <04 1715 0006 <005 <005 0035 013 4 <005 54 <01 Q.008 8 0023 <04 <01 102 003 <005 457 <01 0862 0027 <006 <03 <0
13/12/38 <003 064 <005 <D5 034 <001 <04 1805 0002 <006 <0C5 0038 014 ] <005 603 c.o1 <.002 € 0022 <04 <01 97 <03 <005 38 <01 03865 001% 002 <03 004
JAN 1988 - DEC 1969
Mean 0003 037 0005 017 0382 000 004 1587 0002 CO0OF 0103 0031 026 4 oRi4 554 0.01 0,004 & 0042 032 oM 84 803 005 85 0.01 0889 0014 0013 003 9.03
Sid, Devia 0 019 0801 02 0052 o 0 .1 0002 o 02z 0006 037 2 0.021 6.2 .01 0.003 1 061 053 4] 15 0 oo14 14 i3 0093 0.00% 0007 o] 2.01
Minimum 0903 021 0005 005 0316 Q001 004 1336 0001 0005 0005 0023 Q05 2 0.005 4841 0.01 2.002 6 0005 D04 00% 67 403 0005 38 001 0735 0005 0005 003 0.01
Maximum 0003 064 0007 051 044 0001 004 1305 Q006 0005 049 0038 093 -3 0.051 &4 003 D008 g 0023 128 o002 102 804 003 77 D41 0986 0027 002 003 0.04
Num. Valy ] 5 5 5 ] & ] 5 5 5 § 5 5 & 5 5 5 5 5 & 5 5 5 L 5 5 5 & 5 5 ] 5
AG-D AL-D ASD 8D BAD BED B-D CAD CcDD COLR CRD CUD FED KD LAD MGD MND MO.D NAD N-D PD PBRP SBD SBO SED SD SND SRD THD V- WD IND
Date .. mol. mol. . mat.  mol mol omol . mgl . mol. mgl. mgl . mght. mgl . mgl .mgl. mgl . mgl . . mgl.  mgl-. mgl . mgl  mgl- mgl Mgk - mgl  mgl  mgl mol - mgl  mgl  mgl - mgl - mgl
17/03/89 <003 007 <005 005 0098 <001 <D4 851 <001 <005 0302 0012 <01 2 <005 451 <01 <402 ] <005 062 <01 70 <03 <03 4.4 <0 0628 <005 <006 <O3 <01
0307/99 <003 014 <005 021t 0457 <001 <D4 1069 0002 <005 <005 0015 048 2 <005 482 242 0003 7 <008 <04 <01 72 <03 <03 65 <0 0776 <005 0014 <03 <01
jomsm9 <003 041 <005 <05 0154 <001 <04 1399 <001 <008 <005 0017 <09 3 <005 663 <.0¥ 0.005 7 000s <04 09 97 <03 <005 54 <01 0842 0.00% 00068 <03 <01
1210499 <003 008 <005 <08 016 <B01 <04 1655 <001 <005 <005 O0O0%9 005 4 <005 659 <01 0.006 k] 0016 <04 <01 107 <03 <005 56 <01 0886 003 <005 <03 <01
13/12/65 <003 052 <0805 <05 0319 <001 <04 1997 «<PD1 <005 <005 OO04E <0i 4 <005 6786 <0 <002 6 <005 <04 <01 110 <83 <005 45 <0 0878 <005 <005 <03 <o
JAN 1999 - DEC 1995
Mean 6003 0418 0005 008 0178 0001 004 1434 O00M 0005 0064 0016 041 3 0005 567 003 0004 8 04008 016 001 91 003 o015 63 001 0842 0007 0007 003 001
Std, Devia 0 0.18 0 0.07 0083 0 0 428 o] a 9.133 0003 021 1 0 10,1 Dos  0.002 1 0005 026 0 19 o co14 09 i} 0149 0004 0004 0 0
Minimum 0003 007 0065 605 098 0021 CO4 954 0081 0O05 9005 0012 004 2 0.005 451 0.01 0.002 6 0005 004 001 70 003 0005 44 001 0628 0005 0005 003 .01
Maximum 0003 052 0005 021 0319 0001 €04 1987 0002 0005 0302 0019 Q49 4 0005 676 012 0098 9 0016 082 001 11t 003 003 65 D31 0886 0013 0014 003 004
Nom.Valu & 5 5 4 5 5 5 5 3 5 5 5 & ] 5 5 5 5 5 § 5 5 5 5 5 5 5 & 5 & 5 5

STATION: V1TA, Runoff from ore fransfer pad

AGT AT AST BT BAT BET BT CAT CDT COT CRT CUT FET KT LAT MGT MN-T MOT NAT N-Y  PT PBT &Y S8BT SET ST SN-T SRT  ¥HT W1 WT  ENT
Date mgh mgl mgl mgl mgl mgl mgl mgl mgl mgl mgl mpgl mgl mgl mgl mgh mgl mgh mgl gl mgh mgl mgh mgl mgl mgl mgl mgh mgl mgl mpl. mpl

Q307/99 <003 033 <005 034 003 <001 <04 102 <007 <005 <005 0005 14 <% <.005 1.4 002 <002 <1 <005 <04 <01 2 <03 <03 5.8 <01 0086 <005 0.012 <03 0.03
10/08/99 <003 04 <005 <05 01435 <0 <04 183 <00f 0007 <C05 04009 0.28 <i <005 23 GOo5 <002 3 0007 <04  <O1 3 <03 <005 49 <81 0088 001 0018 <03 0.08

JAN 1699 - DEC 939

Mean 0.003 9022 0005 02 0.083 0001 D04 142 0601 Q005 0005 0007 969 1 0.005 1.3 0.04 0.0062 2 0006 0,04 001 2 003 oDy 5.4 061 opyr 0007 0015 003 .04
Std. Devia 4] 0.16 0 021 G074 ] 0 57 1 0.001 1} 0003 058 [+ 0 06 0.02 0 1 0.601 ] 1] 1 a o018 0.6 v} 0.016 0004 0004 0 0.02
Mimum 0003 0.1 God5 005 003 0001 004 ic2 0601 Q005 0005 0005 9.28 1 0,005 14 0.02 0.082 i 0005 004 0.0 2 003 0005 49 0.1 0066 0005 0012 003 9,03
Maxdmum 0003 033 0005 034 0135 0001 004 183 0.001 9007 0005 0.009 1.1 b 0.005 23 0.05% 0.002 3 p.eO7 004 0.01 3 .03 0.03 58 0.01 0488 00t 0018 003 0.06
Num. Valu 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

AG-D ALD ASD B-D BA-D BE-D 8B-D ©CaD CDD CO-D CR.D CUD FED K-D LAD MGD MN-D MOD NAD NELD P-D PR 3D SB.D SED SO SN-D SRD  TFLD V-D W.D  ZN-D
Date  mgL mgl mpl mgl mgl mol mgl mgi mol mgl mgl mpl moL mgl mgl mgl mel mgl mgl mgi mol mpl mol mpl mgl mgl mgl mgl mol mgh mgl  mgl

030799 <003 <05 <005 007 0007 <007 <04 7.8 <001 <005 <005 <002 056 <i <.005 1.7 0.0 <.002 <1 <005 <04 <01 2 <03 <03 4.2 <01 6015 <005 <006 <03 <01
1010909 <003 <05 <005 <05 0621 <001 <04 154 <001 <006 <005 0003 04 <t <005 28 <01 <.002 2 <008 <04 <01 3 <03 <005 43 <01 0.087 <005 0007 <03 0.02

JAN 1599 - DEC 1899

Mean Q003 005 0005 006 0014 0001 004 415 0001 0065 0005 0003 033
Std. Devia 0 [ ] 00% 001 Q 0 5.2 1] Q ¢ 04001 033
Minmum  0.063 008 0005 005 0Q.007 0001 004 78 0001 Q0C5 0005 D&0Z 01
Max¥mum 0003 005 0005 907 0021 000% 004 355 0001 0005 0005 0003 056
Num vak 2 2 2 2 2 2 2 2 2 b4 2 2 2

0005 21 0,01 0.002 cod5 0.04  0.01 003 0017 42 001 0054 0005 0008 003 oot

0 001 91 0 £.05% ¢ 0.001 0 e.01
003 o0pas 42 001 0015 0005 0005 002 Got
063 003 43 003 0087 0005 0007 Q03 002

2 2 2 2 2 2 2 2 2

0.005 1.7 2.01 0.002
000% 286 0.0% 0,002

0005 004 001
0005 004  BO1
2 2 2

EN A e
[ S TEE
MENaR
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1599 WATER QUALITY LISTING FOR THE VANGORDA PLATEAL MINESITE

STATION: V18, Vangorda pit, NWinterceptor ditch

AG-T AL-T AST BT BAT BET BT GCAT CDT COT CRT GUT FET KT AT MGT MN-T MOT NAT NLT  PFT  PBT  &T SBY SET 8T SNT SRT  TET  W.T  W-T 2N-T
Date mgl. mgl. mgl. mol mgl mgl mgl mgl mod  mgL  mgL mgl mgl mgl mgl mgh mgl mgl  mgt mgl mgl mgh mgl mglL gl mgl mgh mgh mgl mglL mgl  mgl

180509 <003 051 <005 <05 148 0002 <04 199 <091 <905 0.007 04015 082 1 <005 33 0.02 <.002 4 <005 213 <01 <03 <03 S <01 0089 <005 0009 <03 018

JAN 1999 - DEC 1999

Mean ood3 051 0005 005 0448 0002 004 193 0001 0005 0007 0045 082 1 Q.005 33 002 0002 2 0005 243 oDt 003 903 5 001 04089 0005 0009 003 0.19
Sid, Devia O o 0 0 1] 0 0 1} 0 4 *] ¢ ] 0 0 ¢ 4] o 1] o Q Q 0 ¢ 0 [H il o a Q 9
Minimum 0003 051 0005 005 0448 0002 004 189 0001 0005 0007 0015 082 1 0.005 33 00z 0002 2 Q005 213 o001 003 003 5 001 0083 0005 0009 003 019
Maximum 0003 051 0005 ©O05 0145 0002 004 189 000t 0005 0007 0015 082 1 Q.005 33 002 0002 2 0005 213 001 003 003 § 901 0082 0005 0003 003 019
Num. Valu 1 1 1 1 1 1 1 1 1 1 1 1 i 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ]

AGD ALD ASD BD BAD BED BWD CAD CDD CO-D CRD CUD FED KD LAD MGD MN-D MO NAD N-D PD PED SD SBD SE-D S$-D SND SRD THD VD WD 2ZND
Date mgh mgh mgl mgl mgl mgl mgl mgl mgl mgl mgl mgl mgl mol mgh mgl mgh mgl mgl mgl mgh mgl mgh mgl mgh mgl mgl mgl mgl mgl mgl  mgl

18/05/99 <003 019 <005 <05 0053 0002 <04 225 <001 <905 <005 <002 <01 1 <005 38§ 0.04 0.01% 2 0ocE 144 <01 <03 <03 54 <81 0192 <005 003 <03 0.09

JAN 1939 - DEC 1999

Mean 0003 0.9 0005 005 0053 0002 9004 225 o00H 0005 0005 0002 0.01 1 0.005 38 004 0D18 2 0008 144 001 003 063 5.4 00t 0412 G008 003 003 099
Std. Devia @ o 9 ] o 0 0 o 0 ¢ o ] o o] 1] [+ Q 0 '] 0 ] ] 4] o 0 [ 0 1] 0 Q ]
Minlmym 0003 019 0005 ©£05 0053 0002 004 225 00061 0005 0005 0002 001 1 Q.005 39 004 0048 2 0.008 144 001 003 003 5.4 201 0312 0005 003 003 009
Madmum 0003 019 0005 005 0053 0002 004 225 0001 0005 Q005 Q002 001 1 9.005 38 004 0019 2 0008 144 00% 003 003 54 0.01 0112 0005 003 003 008
Num. Valu b 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 i 1 1 1 1 1 1 1 1 1 1

STATION: V214, VG Dump Cofector Bitch @ LCD

AG-T AT AST BT BAT BEST 8T CAT CDT COT CRT CUT FET KT LAY MGT MNT MOT NAT NLT AT PBT  &T S8BT SET ST SN-T SRT TRY WT  WoT  ZNT
Date mgl  mgl mgl mgi omgl mgl mg mgl mgl mgl mgl mgl mgl mglL mgi mpl mgl mgl mgl mgh mgl mgl mgh mgl mgh mgl mpl mgl mgl mgl mgl mgd

180589 <003 008 <005 <06 0.419 0002 <04 764 0002 <0065 <005 €026 O.17 1 <.005 25 0.04 <002 2 0018 65 <01 <03 <03 %1 <0t 0313 <065 <005 <03 014
JAN 1899 - DEC 1988
Mean 0003 008 0005 005 0119 0002 004 764 0002 CO005 0005 0026 DI7 1 0.005 28 004 0002 2 oe 165 001 003 003 11 00t 0313 0005 0005 003 014
Std.Devia 0O 1 0 0 ¢ 0 0 0 o 1] 1] 1] 0 Q Q ] "] o 1] o] 0 i3 a 0 0 0 0 0 o 0 0
Minkmom 0003 008 0005 005 0419 0002 004 764 0002 0005 0005 0.026 017 1 0.005 23 004 00602 2 o018 185 004 003 003 LA 00% 0313 0.005 0005 003 014
Madmem 0002 008 0005 DH5 0419 0002 004 Ye4 Q002 0005 0005 0026 047 1 0.005 29 004 0.002 2 00te 165 001 0063 002 14 001 0313 0.005 0005 003 0.14
Num, Val 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

AGD ALD ASD BD BAD BED BID CAD CDD CO-D CRD CUD FED KD LAD MGD MN.D MOD NAD N-D PD PBD SD SBD SED SWD SND SR-D THD WD WD ZIND
Date mgl  mgl mgl mol mgl mpl mpl mgl mgl mgl mgl mgl mgl mgl mgl mgh mgl mgl mgl mgl mgL mgl mgh mgl mgh mpl mgl o mgl mpl mpl mpl  mpl

180589 <003 <05 <005 <05 0043 00602 <04 775 04001 0007 <005 Q.002 <01 i <005 297 037 0907 2 0008 144 <01 <03 <03 1.1 <Dl 0301 <005 0013 <03 o1

JAN 1899 - DEC 1498

Mean 0003 005 0005 005 0043 0002 004 775 0001 0007 0005 0002 001 1 0.005 297 037 0.007 2 0009 144 001 003 003 £ 001 0301 0005 0413 003 0.1
Std.Devia O o 1] 0 [ V] 0 1] [ 0 0 0 [} 0 0 0 V] i3 t 0 3} ] "] Q 0 0 ¥] 0 0 0 0
Minimun 0003 005 0005 005 0043 9002 004 ¥4 0001 6007 0005 0002 001 1 ooos 297 037  0.007 2 0009 td44 001 003 003 1.1 0.0t 0301 0005 0613 003 0.1
Maximm  0.003 005 0005 005 0043 0002 004 775 0001 £.007 0005 0002 001 1 0.005 297 037  0.007 2 0009 t44 001 003 003 1.4 00 03M 0005 0013 003 0.1
Num, Vel 1 1 1 1 1 1 1 i 1 1 1 1 1 i 1 1 1 1 4 1 1 1 1 1 1 1 1 1 1 1 1
1899Vang-metals Page 7
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1999 WATER QUALITY LISTING FOR THE VANGORDA PLATEAU MINESITE

STATION: V22, Vangorda pit water

AG-T  ALT AST BT BAT BET BT CAT CDT COT CRT CUT FET KT LAT MGT MWNT MO-T NAT HN-F PT PBT ST S$BT SET S-T SNT SRT TET VT WT  ZNT
Date maL mgl mgli mgL mgl mgl mgl mpt mgh mgL mgl mgl mgl mgh mgl mglL mgl mol  mgl mgl  mgl  mol mgl mgl mol Mgl mgl  mgl  mgt  mgl  mghi  mot
18/08/99 <003 054 <005 009 0425 <001 <D4 687 0O#7 0052 <005 9095 146 & 002z 258 313 0OM3 5 011 <04 Q04 75 01  <b3 2 <01 0737 0027 0007 <03 1121
10/09/99 <003 019 0066 <05 Q105 <001 <04 1196 0058 0218 <005 0022 028 3 <005 454 994 008 5 0281 329 043 1M 047 <005 1.8 <01 1047 0016 0012 <03 2259
$2M0/M% <003 023 <005 <05 0122 <001 <04 13589 0064 0199 <005 0034 039 4 <005 521 1077 007 6 0278 <04 017 188 013 <005 28 <01 1226 0024 <005 <03 3736
JAN 1984 - DEC 15499
Mean C.OD3 932 0425 006 0117 9001 004 1081 0945 0155 0005 005 061 3 001 411 785 Q055 5 0216 112 011 145 043 0013 22 00t 1003 0022 0008 003 2372
Std.Deda 0 019 0035 002 0011 O 0 3%1 0025 009 o 0039 047 1 pobs 137 419 0037 1 0092 188 007 61 004 0014 05 0 0247 0006 0004 O 3.1
Minmum 0002 C19 DOD5 095 0105 £.001 004 687 0017 ©£052 0005 0022 028 3 0005 258 343 4013 5 O0t1 004 004 5 01 0005 8 00% 0737 0016 0005 003 $1.21
Maximum 0003 054 0065 008 0125 0O00T 004 1359 0061 ©216 0005 0095 15 4 002 523 1077 0081 6 0278 326 047 189 047 003 28  00% 1296 0027 00612 093 37.36
Mum,Valu 3 3 3 3 3 3 3 3 3 k) 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

AGD ALD ASD BD BAD BED EBD CAD COD GOD CRD GU-D FED KD (AD MGD MND MOD NAD N-D PD PBD SD SBD SED SO SND SR-D THD WD  W-D  ZND
Date mgl mgl mgi mgh mgl mpl mgl mgl mgl mgl mgl mglL mpl mgl mgl mgl mgl mgl mgl mgA  mgl mgl mgl mgh mgl mgl mgl  mgl  mgl mpl mgl  mpl
18/0B/89 <003 - 035 <005 - <05~ 0104 <001 <04  696- 0006 0037 <005 0047 043 2 OB RB6  2A1T COMIE @ 0062 44 €T B2 006 «D¥ 15 <0 DS G088 <005 <03 352
10/09/99 <003 D07 <005 <05 0136 <001 <04 1136 00§11 0423 <005 0016 003 3 <005 414 756 001 4 0442 <b4 <01 182 <03 <005 14 <01 0058 0007 <005 <03 366
1240/ <003 005 <P05 <05 0171 <001 <04 1098 002 0428 <005 0013 006 3 <005 393 709 OM3 4 0475 <04 097 212 <03 <005 07 <01 0901 001 <005 <03 867
JAN 199 - DEC 1998
Mean 0003 046 0005 005 0137 0001 004 977 0012 0095 0008 0025 047 3 ODO6 384 550 0044 4 0426 D049 083 159 004 0013 12 001 D085 0008 0005 003 528
Std. Devia 0 0.17 [ ¢ 003 0O 0 244 0007 0C51 © 0019 0322 1 opDoz 85 302 000§ 9 0058 079 003 68 002 0014 04 0 BiS1 Qo002 O 0 293
Minkmum 0003 005 0005 005 ©C104 00Df 004 696 0006 Q037 0005 0013 063 2 0005 256 211 OW 4 0062 004 001 B2 003 0005 07 001 068 000B 0005 003 352
Maximum 0003 035 0005 005 ©C17% 0ODF 004 1136 002 €128 0005 0047 043 3 0009 414 756 0818 4 0175 14 007 212 006 003 15 001 0958 00 0005 @03 867
MNum Va3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
STATION: V23, Gaum Pit Waler

AGT ALT AST BT BAT BET 8T CAT CDT COT CRT CUT FET KT LAT MGT MN-T MO-T NAT NET AT PBT ST SBT SET ST SNT SRY THT W WT  ZNT
Date mgl mgt mgl mgl mgl mgl mgl mgl mgh mgL  mgl mgl mgl mgl mgl mgh omgl mgt mgl. myl mgl mgh mgb mgl mgl mgl mgl mgl mgl mgd mgl mgl
10/08/99 <003 022 <005 <05 015 <001 <04 824 Q0% 0057 <005 0017 048 4 <005 46 037 0019 12 0477 <04 <0f  BE 009 <005 27 <01 0868 0016 0017 <03 342
12M10/% <003 046 <005 <05 042 <001 <04 738 0049 0044 <005 0.020 014 4 <005 417 046 0033 11 0474 <04 004 163 D04 <005 24 <01 0761 0097 <005 <03 691
JAN 1999 - DEC 1958
Mean 0003 D18 0005 005 G135 0001 004 781 00%4 005 0005 0023 D16 4 0GOOS 439 042 0016 42 0375 004 0D2 @6 Q07 0005 26 001 0814 0016 0008 003 466
StdDevia © 004 O 6 0021 O 0 61 0006 0008 © 0CO8 003 O 0 3 006 0004 1 0002 & 002 10 404 O 02 9 0076 0001 oo0A  © .76
Minkmeen 0003 046 0005 005 042 D0ODY 904 738 001 0044 0005 0047 €14 4 0005 417 037 0043 41 0474 004 081 B9 004 0005 24 001 0761 6015 0005 D003 342
Meximum D003 022 0005 005 015 0001 004 824 0019 0057 0005 0028 618 4 0005 46 D46 0019 42 6M¥7 Q04 004 403 009 0005 27 001 0868 0017 001 003 591
Mum. Valu 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

AG-D ALD ASD BD BAD BED BMD CAD CDD CO-D CRD CUD FED KD EAD MGD MN-D MOD NAD N-D PO PBO SD SBD SED SO SND SRD THD WD WD ZND
Date mgl  mgh gl mghi mol  mgl mgl mgl mglL megl  mgl mgl mgl mgl mgl mgh mgt mglh mpl mgl mgl mgl mgl mghi mgl Mgl mpl mgl mgl mot mgl moL
300998 <003 006 <005 <05 005 <001 <04 738 0003 0027 <005 0008 <01 3 <005 411 036 0003 0 00527 032 <01 00 <03 <005 19 <01 0720 <DO5 <005 <03 D2
1271099 <003 <05 <005 <05 0103 <001 <04 904 O0O06 0038 <005 OOOB 006 5 <005 52 043 <002 44 0112 <04 <01 15 <03 <005 23 <01. 0475 0006 0.006 <03 13
JAH 1999 - DEC 1889
Mean 0003 D005 0005 005 0077 0001 004 B2 0005 0032 0005 OO0B D03 4 0005 465 0.4 0003 2 0082 C18 001 08 003 0005 21 001 0852 0005 0005 003 075
Std.Devia © 001 o 0 aos7 o o 15 0002 0BOS 0 0001 004 1 0 7.7 005 0001 3 D042 02 0 i [ 0 03 o 0174 0001 0001 © 0.78
Minimum 0083 005 0005 005 005 0001 0064 738 0803 0627 0005 0.008 o0 3 (G005 411 038 0002 10 0052 D04 GO1 108 003 GOC5S 18 001 0728 0005 0005 003 0.2
Maximun 0003 006 0005 005 0163 0001 0G4 901 0006 0038 0005 0009 006 5  0OO5S 82 043 0093 44 0112 032 001 115 003 0Q0S 23  00% 0975 0006 0005 0DO3 13
Num. Va2 2 2 2 2 2 3 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
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1993 WATER QUALITY LISTING FOR THE VANGORDA PLATEAU MINESITE

STATION: V2585P, Below Sheep Pond at the weir

AG-T ALT AST BT BAT BET B CAT €O.-T COT CRT CUT FET KT LAT MGT MNF MOT NAT NT PT  PBT  §&T S8BT SET ST SRY SRT THT VT WeT  ZN.T
Date mgl mgl mgl omgl mgh mgL mgL mglh omgl mgl mghi mgl mgl mgh mgl mgl mgl mgl mgL mol mgl  mgt mpl mgl  mgl mgh mgl mgl  mglh mgh mgi  mglL
18/0589 <003 626 <005 <05 0225 0002 <04 281 <001 <005 <006 O0OY4 934 3 <005 74 027 0013 3 0024 168 0.3 <03 <03 B4 <01 045 0424 0013 <03 049
27/0509 <003 693 0014 <05 0215 <001 <04 323 0009 <005 <005 0052 1165 3 <005 9 015 0005 4 0015 <04 DO7 <03 <03 106 <01 0161 023 0006 <03 04
0307P8 <003 101 <008 042 0058 <001 <04 235 0008 <005 <005 QD23 179 2 QO 46 002 0006 1 <005 <04 <01 13 <03 <03 61 <Dl 0142 <005 <005 <03 00BN
120809 <003 <05 <005 Q06 0146 <001 <04 556 <001 0049 <005 0026 004 <f <006 17 026 <D02 3 <005 <04 <01 60 <03 «<O05 79 <01 0275 <005 <005 <03 038
100989 <003 02 <005 <05 0119 <001 <04 417 0002 0043 0097 0044 003 2 0032 87 033 0007 4 0011 052 <01 45 <03 <005 43 <01 0455 0009 <005 <b3 037
JAN 1993 - DEC 1998
Mean 0003 269 0006 043 04153 0001 004 364 0004 0021 0007 0044 457 2 0015 83 o071 0007 3 0042 046 005 36 005 002 75 001 0185 0075 0008 003 02
Sid.Deva 0 318 0003 016 0069 O 0 126 0004 0023 0005 0021 552 t 0013 26 042 0004 1 opoe 071 005 20 0 004 24 0 0054 0401 0006 O 013
Minimum 0003 005 0005 005 0058 0061 004 235 0001 0005 0005 0025 003 % 0005 46 002 0002 1 Q005 004 001 13 003 0005 43 Q01 0442 0005 0005 003 005
Maximem 0003 683 00%1 042 0225 0002 004 556 0008 0049 0047 0074 1165 3 0032 147 033 0013 4 0024 168 043 50 003 063 106 001 0275 023 0019 003 038
Mum, Valu 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 3 5 5 5 5 5 5 5 5 5

AGD ALD ASD BD BAD BED B-D CAD CD-D COD CRD CUD FED KO LAD MGD MND MOD NAD N-D P.D PBD SD SBD SED SHD SND SRD TD WD WD 2ZND
Date mgh.  mgl mgl mogL mgl mgl mgl wmol mgl mgl mgl mgl mol mgl mpl mgh  mgl mol mgl mgl mgl mpl mgl mgl  mgl mgi mol mgh mol mgl mol  mpt
1B05R9 <003 027 <005 <05 0039 0002 <04 235 <001 <005 <005 0065 004 2 003 52 006 <002 3 OOD11 033 <01 <03 <03 11 <01 0412 <005 0014 <D3 005
210509 <003 349 <005 <05 0058 <001 <04 30 0008 <005 <005 0034 271 3 <005 66 042 <DO2 10 0007 <04 <04 21 <03 <03 B9 <0f 043 0428 <005 <03 007
030789 <003 042 <005 059 0036 <001 <04 221 0004 <085 <005 0011 082 <1 <005 44 003 <002 2 <005 <04 <81 43 <83 <03 57 <01 01 <005 <005 <03 <01
120859 <003 <05 <005 006 0085 <001 <G4 523 0007 0028 <005 0.013 <01 8 001t 14 023 <002 5 0007 <04 <01 48 <03 <005 71 <01 0266 0009 0016 <03 072
10/09/39 <003 <05 <005 <05 0028 <001 <B4 367 <001 0012 <005 0012 <01 1 0014 82 032 <002 3 0011 <04 <DV 52 <03 <005 34 <01 0212 <005 <005 <03  0.18
JAN 1999 - DEG 1999
Mean 0003 086 0DD5 0.6 0049 0001 004 328 Q004 0041 0005 0027 072 3 0013 74 015 ©002 5 0008 01 00f 34 003 002z 48 001 0184 003 0009 003 02
Std. Deva 0 148 0 024 0023 0O 6 423 9003 00t 0 0023 137 3 Do 26 012 0 3 poos 043 0 19 0 0044 26 0 0072 0055 0006 O 0.29
Miimum 0003 005 0005 005 0028 0001 004 221 0004 0005 0005 00f1 00§ i 0005 44 003 0002 2 0005 004 001 13 003 0005 14 001 01 0005 0005 003 0Ot
Mmdmum 0003 349 0005 059 0085 0002 004 523 D008 0028 0A05 0065 279 8 0031 032 0002 40 0011 033 001 52 003 003 74 0O 0266 0428 0016 003 072
Num.Valn  § 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 3 4 3 5 5 5 5 5 5 5 5
STATION: V27, Vangerda Creek, just upstr, of Shimp

AG-T ALT AST BT BAT BET BT CAT CBT COT CRT CUT FET KT LAT MGT MNT MOT NAT NT PT  PBT ST  SBY SEt 8T SNT SRT TRl  WT W.T  ZNT
Date mgl mgl  mgl  mgl gl mgl mgl mgl mgl mgl mgl mgl  mgl mgl mgl mglh mgl  mgh  mgh mgl mgl mgl mgl mgl mgl mgl mgh mpl mgl mgl mgl mgl
16/0388 <003 025 <005 022 0081 <001 <04 429 <001 <005 0069 0024 007 <1 <005 103 <01 <002 4 <005 039 <01 15 <03 <03 42 <01 0197 <005 <005 <03 007
1B06@Y <003 04% <005 O0.4% £4 <001 <04 59 <001 <005 Q227 0015 05 <1 <005 15 <01 <002 2 <005 008 <0t 1 006 <03 18 <01 0053 0007 0012 <03 006
2907/99 <0001 0.08 <001 002 00289 <0001 <001 1073 00002 <0002 <0002 00261 047 03 <0002 26 0005 <0001 14 0004 <002 <001 34 <001 <0OF 373 <0004 00464 0004 <0002 <001 004
310809 <0001 0048 <001 0057 00366 <0001 <001 14778 00009 <0002 <0002 O.0076 0.134 042 <0002 3355 (0032 <0001 242 OE-04 <002 <001 B56B <001 <00t 3442 <0004 00703 G006 <0002 <001 0.0283
124009 <003 008 <005 <05 013 <001 <04 215 <001 <005 <00% 0018 02 < <005 48  <Df <002 3 <008 <04 <01 8 <03 <D05 4 <01 0411 0012 <005 <03 007
JAN 1996 - DEC 1999
Mean 00618 043 0003 0091 00753 0.0005 0024 19.162 00008 60031 0.0503 0.0181 0215 074 0003 4531 00076 00012 25 0004 0103 0006 656 0.024 0013 3434 00062 00855 0007 0005 0018 00537
st Devia 00016 0085 0002 0679 00427 00005 0021 14445 00003 00026 0.0977 0.0074 0,167 035 0403 3454 00033 0001 109 0002 0164 0005 541 0025 0015 0957 00052 0062 0003 0005 0016 0.0187
Mnimem 00004 0048 0001 002 00289 00001 0001 59 00002 00002 00062 00076 007 03 2604 15 ©0O032 0000% 11 9E-04 0002 0001 1 000F 0001 48 00004 00464 0004 2E-04 0.001 0.0283
Moximum 0003 025 0005 0:22 0.3 0001 004 429 0004 0005 0227 00261 05 T 0805 103 001 G002 4 D005 039 001 15 005 003 42 001 0497 0012 0042 003 007
Num.vaki 5 5 5 6 5 3 3 3 5 5 5 & & 3 5 5 3 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5

AG-D ALD ASD BD BAD BED B-D CAD COD COD CRD CUD FED KD tAD MGD MND MOD NMAD NWD PD PBD SD SBD SED SHD SND SRD THD VD WD ZND
Date mgl. mgh mgl mgl mgl mgl mglL mol mgl mpl mgl mgl mgL gl mgl mgl mgl mol mgl mgd mgh mgl wmgl mgl mgt mgl mgl mgl mpl mgh mgl mgl
160308 <003 <05 <005 D05 0032 <901 <04 387 <001 <005 <005 001 <01 <1 <005 0 <01 <002 3 <005 044 <01 18 <03 <03 35 <01 0197 <005 <005 <03 <01
180685 <003 - <05 <005 <05 <002 <O0F <04 5 <001 <005 <005 <002 D008 <1 <005 3 007 <002 2 <005 <04 <0t 2 <03 <03 13 <01 0052 <005 <005 <03 <Oi
290799 <0001 003 <001 003 00433 00001 <001 1027 <0001 <0002 <0002 DOUOS 0016 03 <0002 249 0.003 <0001 42 0001 <002 <OM 46 <001 <001 4.84 <0004 0O0B37 0002 <0002 <001 0.02
310809 <0001 0.012 <001 1056 00056 <0001 <001 $4142 9.0005 <0002 <0002 0.0018 <001 034 <0002 321 0001 900001 23t 3E-04 <002 <001 543 <001 <001 8.119 <0004 00592 0001 O©COO0% <031 <0004
121109 <003 <06 <005 <05 0025 <01 <04 20 <001 <005 <005 <002 006 <1 <005 47 <01 <002 3 <005 <04 <0f 9 <03 <005 3 <01 D023 <005 <005 <03 002
JAN 1959 - DEC 1999
Mean 00018 0.038 0003 0247 00154 00006 0024 $7.622 00007 00031 00034 00033 D033 073 0.003 434 00188 00012 23 QD03 0045 0006 7.81 0018 0043 4152 00062 0099 0004 0003 0018 00121
Std Devia 00016 0.017 0002 0452 00125 00005 0021 12994 00004 00026 00026 00038 0035 037 0003 3305 00288 0001 076 0002 0057 0005 622 0016 0015 2554 00053 00§17 0002 0002 0016 00082
Migmum 0.0001 ©012 0001 002 0002 00001 0601 5 00001 0.0002 00002 00008 0001 @3 2604 13 0001 000D 12 3804 00062 00D1 2 0909 0001 13 00004 0052 0001 2E-04 0001 00004
Madmum 0003 005 0C0O5 +056 0032 0801 ©O4 387 0001 0005 0005 001 008 1 Qoos 1w 007 0002 3 0O05 044 001 18 002 003 BA49 001 0167 0005 0005 003 002
Mum Vet 5 5 3 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 [ 5 5
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1999 WATER QUALITY LISTING FOR THE VANGORDA PLATEAU MINESITE

STATION: V30, vangorda Dump drain #3

AGD AL-D ASD BD BAD BED BLD CAD CD-D COD CRD CU-D FED KD LAD MGD MND MOD NAD N-D PO PBD SD SBO SED SkD SNMD SRD THD VD WD ZND
Date mgL  mgl mglL mgl mgl mgh mgl mgd mglL mgL omgd mgl mel mgl mgl  mgL  mgl  mpl mgl mgl mgh mgL  mgl mgl mgl mgL mgl  mpl  mgl mgl  mol mgl
18/05/9 002 024 <005 ©5 0443 0004 <04 2439 0233 2426 <005 0036 7.03 9 <005 2274 7661 0481 15 3662 3154 147 043 <03 35 <01 088 <005 <005 O0.07 22088
18/06/9 <003 OB <005 <05 0212 0005 <04 4552 0308 3876 <005 0063 698 23 0229 5893 15229 066 24 6438 7048 294 1427 259 <03 77 <01 2473 <005 002 <03 56517
1208/89 <003 057 0322 <05 0039 0003 <04 4066 0201 2855 <085 0058 555 13 0016 4257 1322t 0488 11 544 2646 1.37 1086 112 <005 48 <Dt 1889 0.042 00¢5 <03 270
1210/99 <003 D48 0043 <05 0473 0002 <04 4379 0158 182 <065 0041 848 14 <005 3986 8373 0406 14 3407 411 082 1422 08 <00% 57 <0 1592 0028 <005 <03 228
1312098 <D03 <05 <005 005 0438 0017 <04 4051 0031 2097 <005 0104 2325 7 <005 3367 8468 <002 <1 3899 418 <01 879 <03 <005 47 <bf 1387 <005 <005 <03 22675

JAN 1999 - DEG 1999

Mean 0006 043 0076 044 0261 0006 004 3897 0186 2535 0005 007 2282 13 0052 3955 1059 035 13 4569 2609 142 1128 101 0015 53 001 1602 0017 001 004 32395

Std.Devia 0008 029 0438 02 0488 0006 O 843 0403 6788 0 0025 2721 6 00899 1325 3407 046 8 1311 2835 077 226 098 00¥4 16 0 0467 0017 0007 D02 148.16

Mnimum 0093 005 0005 005 0039 0002 004 2439 0031 182 0005 0041 &85 7 0005 2274 7661 0002 1 3407 441 001 879 003 0005 35 907 095 0005 0005 003 22675

Maximum 002 08 0222 05 0473 0017 004 4552 0308 3876 0005 0.t04 698 23 0229 5803 15220 066 24 6438 7048 214 1427 259 003 77 001 2173 0042 002 007 58547

Num.Valu 5 5 5 5 5 5 5 5 5 5 5 ] 5 5 § 5 5 5 5 5 5 5 4 5 5 5 5 5 5 5 5 5

STATION: V32, Vangorda Dump drain #5

AGD AL-D ASD BD BAD BED BLD CAD CDD COD CRD CUD FED KD LAD MGD MW.D MOD NAD N PD PBD S&D SBD SED SO SND SRD TD VD WD 2ZND
Date mgl. mpl mgi mgl mgL mgh mgL mglL mgh. mgl mgl mght mgt mgh mgt mgl  mgl  mgl mgh mpl mgl mgl mgl mgl mgl mgli mgl mgl mgl mgl mgl mga
180509 0.103 138 0048 <05 0477 9007 <04 3495 2025 966%¢ <006 0199 128 15 <005 767 41504 0838 14 5843 1196 499 149 <03 83 <01 0688 0022 <005 041 11558
180509 <003 222 <005 <05 0523 0009 <04 4002 2803 14838 0477 041 2243 28 0349 10383 66165 3064 22 7451 2571 86 3183 906 <03 115 <01 1029 <005 <005 <03 22433
12/08/09 0517 084 2414 244 18655 0038 <04 4554 6316 15582 <Q05 0087 167.3 <1 0294 1740 12458 1792 <t 1364 189 68 5670 1603 <005 287 <01 0741 <005 0503 <03 4044
1210/89 <003 503 <005 006 0382 G006 <C4 3941 5495 9901 <005 0414 1237 14 <005 15811 97015 51488 12 97656 1938 471 5657 B26 <005 122 <01 0677 0058 <005 <03 2886
134268 <083 62 0.413 223 0879 0135 <04 4066 4359 22105 <005 0375 1888 8 <005 14936 <01 98693 17 9578 911 162 4882 552 <005 185 <01 0763 <005 <005 <03 3102

JAN 1999 - DEC 1989 .

Mean 0126 335 0578 097 0743 0039 004 4012 4221 13839 0039 01477 1664 13 0432 1325 66114 21916 13 aBv4 8482 654 4843 747 0015 162 001 0774 0021 0105 011 26862

Sid.Devia 0223 256 1041 125 0589 005 0 377 1773 5383 0077 0119 4229 10 0474 4067 48443 42951 B 221 1064 293 1170 648 0014 8 0 0447 0027 0223 0.7 HOT8

Mifmum 0003 084 0005 005 0477 0005 004 3495 2025 9669 0005 0087 1237 1 0005 767 001 0833 1 5943 911 162 3183 149 0005 93 001 0677 0005 0005 003 1558
Maximum 0517 62 2414 244 1655 0.435 004 4564 B316 22105 0477 03756 3243 28 0349 1740 12458 08693 22 1164 2571 96 5670 1603 003 287 001 1029 0066 0503 041 4044
Mum, Vali & 5 [ 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 4 5 5 5 5 5 5 5 5 5
STATION: V33, Vangorda Dump drain #6
AGD ALD ASD BD BAD BED BLD CAD CDD COD CRD CUD FED KD LAD MGD MND MOD NAD ND PRD PBD SO SBD SED S-D SND SRD T-D VDB WD ZND

Cate myl  mgl mgl mgl mol mgl mgh mgi mgl mgl mgl mgl mgl mgl mgh mgl mgl mgl mgl mgh mght mgl mol mgl mol mphk  mgl  mgl  mgh  mgl mgl  mgl

180589 <003 <05 <005 <05 0.063 0003 <04 993 0092 0014 <005 0006 <01 2 <005 422 28f <002 3 0063 <04 005 <03 <03 <1 <01 0305 <005 <005 <03 64
JAN 1999 - DEC 15939
Mean 0803 005 0005 005 0063 0003 004 993 0012 0914 0005 0006 90.01 2 0005 422 281 0002 3 D053 004 005 003 003 01 001 0305 0005 0005 003 64
Sid. Deda  © [ 0 [ 0 ] 0 o 0 Q ] 0 0 0 0 0 0 0 0 0 o 0 ] [)] 0 1] ] 0 0 [i] [
Mirmum  0.003 005 ©.005 005 0083 0003 004 993 0012 0414 0005 0006 001 2 0005 422 281 G002 3 0083 004 005 003 003 01 001 0305 0005 0005 003 64
Maximum 0.003 005 (005 005 0083 0003 004 883 0012 0014 €005 0006 Q.01 2 0005 422 281 G002 3 0052 004 005 003 €03 01 001 0305 0005 0005 003 64
Num, Valu 1 1 1 1 1 1 1 1 1 1 1 1 i 1 1 1 1 1 1 1 1 1 1 1 1 1 H 1 1 H 4
STATION: V34, groundwater wek GWS4-01

AGD ALD ASD B.D BAD BED BLD CAD CDD COD CRD CUD FED KD 1AD MED MND MOD NAD N-D PD PBD SD SBD SED S-D SND SRD THD WD W-H  ZN-D

Date mgl  mgl mgl mgl mgl mgl mgl mgl mgl mgh mgl mgl mgl mopl mgl mgl  mgl  mgl mpl  mgl mgl  mgl mgl mgl mgl mpl mgl  mgl mel mgl mgl  mol

18/06/99 <003 Q0B <005 <05 0031 <001 <04 6§52 0006 <005 <005 001 003 6 <005 826 006 0016 B8 <005 <04 <01 8 005 <03 54 <01 059 0016 <005 <03  <0f

1210/99 <003 <05 <005 <05 0018 <001 <04 448 <00% <005 <005 0405 <0 4 <005 5589 <01 <002 5 <B05 <04 <1 9 <03 <005 3 <01 0456 0006 <005 <03 <01
JAN 1899 - DEC 1899
Mean 0003 005 0005 o005 0024 0001 004 505 0004 0005 0005 0007 002 5 0005 €92 003 Q008 6 0005 004 001 8 004 0017 42 001 0526 0011 000% 003 001
Std. Devla  © 2.0 0 o 0009 o [ 8% 0004 O ¢ 0004 001 1 0 189 804 001 2 0 o 0 1 061 oo 17 0 0O%s 096 0 0 0
Minimum  0.003 005 ©£005 005 0018 0001 004 448 000F 0005 0005 0008 001 4 0005 559 001 0002 5 0605 904 001 g 0p3 0005 3 CO1 045 0006 0005 003 o001
Maxmum 0003 006 0005 005 0031 0B01 004 552 0006 0005 0005 001 003 6 0005 826 006 0016 & 0005 004 001 9 005 003 54 001 059 0016 8005 003 0Ol
Num valu 2 2 2 2 2 2 2 b 2 H 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
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1599 WATER QUALITY LISTING FOR THE VANGORDA PLATEAU MINESITE

STATICN: V35, groundwater wel GWB94-02

AGD AL-D ASD BD BAD BED Bl-D CAD CDD COD CRD CU.D FED KD LAD MGD MN-D MODR NAD N-D PD PBD SD SBD SE-D SO SND SRD THD VD WD ZND
Date mgl  mgL mgA mglL mgl mgh mgl mglL mgh mgh mgl mgl mgt mgh mgl mgl  mgl mgl mgl mgh mgi mgl mgl mgh mgl mgt mgl mgi mgi mgl mpl mgl

80608 <803 024 <005 <05 003 0002 <04 2283 <007 <008 <005 0032 009 6 0026 18741 022 «002 13 <005 <04 <01 256 <03 <03 6.4 <0 1085 0012 <005 <03 <01

209 <003 <05 <005 <05 0029 <001 <04 868 0001 0014 <005 091 004 3 <005 512 G.24 <,002 6 001 <08 <M 47 <03 <005 34 <0t 0515 0006 <005 <03 <01
JAN 1996 - DEC 1999
Mean 0002 014 0005 005 003 90002 004 576 0001 001 0005 0C21 007 4 0016 1192 023  9Q.002 6 0007 004 001 152 063 o0M7 48 001 08 0009 DO05 003 0.0
5td. Devia 0 .12 0 4] 0001 0.001 ¢ 1001 o oaoe o 0016  0.04 2 0015 951 0.0% 1] 5 0.004 1] o 148 o 0018 23 a 0403 0.004 0 0 0
Minimum 0003 005 0005 005 0029 0001 004 868 0001 0005 0005 00t 0.04 3 0005 512 022 0002 & 0005 004 9.01 47 003 0005 34 001 0546 €006 0.005 003 0.01
Moximum 9.003 D24 0005 005 003% 0002 004 2283 0001 0014 0005 0.032 009 6 0026 187.1 024 0002 13 001 004 0.01 266 063 003 6.4 001 4085 0012 0005 003 o001
Num. Valu 2 2 2 2 2 2 2 2 2 2 2 2 2 2 F4 2 2 2 2 4 2 2 2 4 2 2 2 2 2 2 2 2

STATION: V36, groundwater wel GW24-03

AGD ALD ASD BD BAD BED BLD CAD CDD €OD CRD CUD FED KD LAD MGD MND MOD NAD M-D PD PBD SD S8D SED S-D SND SRD THD VD WD ZN-D
Date mgl  mgl mgl mgl mgl mgl mgl mgl gl mgl mgl mgi mopl mgl mgt mpl mgl mpl mpgl mgt mglh mgl mgl mghi mol mgl mol mgl mgl mgl mgL  mgl

18/06/99 <603 012 <005 <05 0014 0001 <04 1158 <C01 <005 <005 0019 008 ) 0014 1049 009 0012 3 <005 104 <01 S0 007 <03 7.9 <0f 0620 <005 <005 <03 0.01

12/10M9 <003 011 0047 <05 0026 <001 <04 1994 0005 O0O06 <DO5 QD6 006 ] <005 G43 0.17 0.007 i0 0017 <04 <M 104 <03 <005 49 <01 0654 0012 0008 <03 <M
JAN 1993 - DEC 1939
Mean 0003 017 0026 005 002 0001 004 1977 0003 0005 00065 0018 007 T 001 99,2 .13 Q.01 12 o1 054 oo 97 0905 0017 639 001 0841 0008 0007 003 0.01%
Std. Devia 0 001 0.03 0 0.008 o 0 25 0003 0001 4] ooez o0 1 0008 6.9 0.05 0.004 2 0008 071 o 10 003 0018 14 4] 00t8 0.005 0002 0 0
Minimum 0.003 011 04005 005 0014 0001 004 1153 000% 0.005 0005 0016 006 5 0005 943 0.09 .007 10 0005 004 001 80 003 0005 58 001 0629 0005 0005 003 oM
Maximum 0003 042 0047 D005 0026 0004 004 1194 0005 0006 0005 0013 008 8 0014 10441 017 0.012 13 00t7 104 001 104 Q.07 003 79 001 0654 0012 0008 003 001
Num, Vaki 2 2 2 2 2 2 2 2 2 2 2 2 2 2 z 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

STATION; V37, groundwaler wel GWI4-04

AGD ALD ASD BD BAD BE-D BM-D CAD CDD COD CRD CUD FED KD EAD MGD MND MOD NAD NOD PD PBD &D SBD SED Sk SN-D SRD TID VD WD ZND
Date mgl.  mgh mgl mglL mgl mgl mgl mgl mgl mgl mgi mgl mgl mgL mgl mgl mgl mgl mgl mgl mgl mgl mgl mgl mgl mgt mgl mgl gl mgl  mgl  moL

18/06/88 <003 0.08 <005 <05 0092 <001 <04 574 <001 <005 <005 0.015 009 12 0028 828 006 0014 31 <005 <04 <01 22 <03 <03 34 <0f 054 <005 0008 <92 O
i2110/89 <003 <05 <005 <05 0059 <001 <04 489 0008 0011 0039 Q008 005 -] <005 633 009 0.011 23 0008 <04 <01 21 004 <005 18 <01 0478 0006 <005 <03 <

JAN 1939 - DEC 1999

Maan 0003 005 0005 005 0076 0001 004 532 0065 0.008 00227 0012 407 10 Q07 T3 088 0043 27 o0G07 004 001 2% 003 0017 25 001 Q509 0005 0007 003 001
Std. Devia o 0.02 1] [H 0.023 0 0 6 00c5 0004 0.024 0005 003 3 9.016 139 0.02 0002 6 0.002 o 0 1 co01 0.018 08 0 0,044 0001 0.002 o o
Minimem 0003 o00% 009% 005 0059 pDoORY GO4 489 0007 0005 G005 0008 D05 & 0.005 633 006 001 23 0005 004 001 21 ¢03 0005 1.9 001 0478 0005 0005 003 001
Maxmum 0003 008 0005 Q.05 0092 0001 004 574 0008 001 003 COIE 009 12 0028 828 008 0014 31 0008 004 OO 22 004 003 31 001 0S54 DO0S 0008 903 0D
HNum, Valu 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

STATION; 96-9A, Graundwater at the 1oe of Grum gump

AGD AL-D ASD BD BAD BED BD CAD CDD €COD CRD CUD FED KD LAD MGD MND MOD NAD N.-D FD PBD S&D SBD SED SWD SN-D SRD TLD WV.D WD ZIND
Date mgl  mgl mgl mgl wmgl mgh mgh mgl mgh mgl mgh mgl mgl mgh mgl mgl mgl mpl mpl mgl mgl mgl mgl mgl mgl mgl mglL mgl mgh mgl mgl  mgl

1806M8 <003 029 <005 <05 0.078 <001 <04 678 <001 <005 <005 0012 02% 4 <005 349 662 0011 53 <005 <04 001 60 <03 <83 B8 <31 1029 <005 <005 <03 <ON

1210089 <003 <05 <DOS <05 0.027 <001 <04 433 000f <005 0011 <002 0.1% 2 <005 223 0.04 <002 45 0005 008 <0t 56 <03 <005 3 <01 1058 <005 <005 <03 <01
JAN 1999« DEC 1699
Mean 0003 017 0005 005 0053 000¢ 004 556 9007 0005 0908 0907 016 3 0005 286 033  Q.007 49 0005 005 0.01 58 003 00617 43 001 1044 0005 0006 003 001
Sid. Devia O 047 ¢} 0 0.036 0 Q 17.3 0 4] 0904 0007 007 1 0 8.9 041  0.008 6 ] 0.0t o 3 [+} oas 18 0 Q.021 ¢ 1} 0 0
Minimiom 0003 905 €005 005 0027 000t 004 433 000t 0005 04005 0002 O.11 2 0005 223 004 0002 45 0005 o004 001 56 0.03 0.005 3 001 1029 0005 €005 003 001
Maximum 00603 029 0005 005 Q078 0001 004 678 0004 0005 0011 0012 029 4 0005 249 062 0011 83 0005 006 9.1 60 003 003 56 001 1.058 0005 0005 003 001
Num, Va2 2 2 2 2 2 2 4 2 2 2 2 2 2 2 2 F4 z F4 2 2 2 2 4 2 2 2 2 2 2 2 2

1959vVang-metals Page 11
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1899 WATER QUALITY LISTING FOR THE VANGORDA PLATEAU MINESITE

STATICHN: §6-98, Groundwater at loe of Grum dump

AG-D ALD ASD BD BAD BED BD CAD ¢D-D COD CRD CUD FED KD LAD MGD MN.D MOD NAD N-D PD PBD &D SBD SED S-D SN-D SRD THD VD WD ZND
Date mgl  mglL mgl mgl mpl m@gl mgli mgl mgh mgh mgl mgl mgl mgh mgl mglL mgl mgl mgh mgh mgA mgL mgl mgl magt mgl mgl  mgl  mgLt  mgl  mgl  mgL

1806A% <003 0.7 <005 <05 0042 <001 <04 66 <001 <005 <0058 0017 042 0026 359 &.21 0.019 76 <008 04 <Di ] 005 <03 66 <01 1444 <0056 <005 <03 <01
12/40/98 <003 014 <005 <05 0026 <001 <04 449 <001 0006 0005 0004 009 2 <005 223 ¢.06 <.002 A7 <005 005 <01 56 <03 <005 37 <01 112 0606 <005 <D3 <M

S

JAN 1999 - DEC 1999

Mean 0033 016 0005 005 0034 0001 004 §55 0001 G005 0005 o0y 011
Std. Devia 0 052 o ] 0.011 0 [ 4.8 o ¢.001 Q 0008 002
Minimum 0003 014 0005 005 0026 0009 004 449 9001 0005 0005 0004 C.09
Maxmum 0003 0417 0006 005 0042 9001 0.04 68 ¢.00t 0026 0005 0017 042
Num, Valu 2 2 2 2 P4 2 V4 2 2 2 2 2 2

0016 2941 013 0.01 62 0005 008 001 60 004 o007 54 001 1282 0005 0005 003 O(

0015 86 011 0012 21 ¢ 0.04 0 ] 001 0M&8 21 ] 0.220 0.001 [ 0 ]

00056 223 00s 0002 47 0005 005 001 56 003 0005 37 o.01 112 9.005 0005 003 001

0028 359 021 0.01% 7% 0005 0% 0.01 63 005 003 6.6 001 1444 0006 0005 003 004
2 2 2 2 2 2 2 2 2 2 2 2 2 2

K B R oea W

STATION: GD1, Grum Dump toe seep just west of V15

AG-D AL-D ASD 8D BAD BED B-D CcAD CcDH COD CR-D CUD FED KD LAD MGD MND MO-D HNAD ND P-D FB-D &P sSBD SED SKkD SND SRD  TID Vv-D W-D ZN-D
Date  mgl mgl mgl mgl mgl mgl mel mol mol mgl  mgl mgl mgl mgl mgl mgl mgl Mol mol mol mgl mpl mgl mol mgl mol mgl mgt mpl mgl mgl mpl

03/07/69 <003 022 <005 02 G178 <001 <04 1841 <001 0006 <005 0021 053 4 0.024 659 008 0008 -] <005 <04 <M 193 =02 <03 83 <01 0805 <006 0006 <03 <01

JAN 1989 - DEC 1993

Mean 0003 022 0005 02 0175 0001 004 1811 0001 0906 0005 0021 053
Std. Devia O ¢ 0 0 o] 0

Minimum 0003 022 0005 02 0475 0001 004 1811 001 0006 0006 o021 053
Maximum 0003 022 0005 02 0176 0001 004 1811 0001 00068 0005 0021 053
Num, Valu 1 1 1 1 1 £ 1 i 1 1 1 1 1

0024 669 008 0002 0005 004 O 193 003 0403 5.3 001 0805 0005 0006 003 001
0 ° 0 ]

0024 669 008 0009
coz24 669 0.08 0009

0005 o064 0Dt 193 003 002 53 041 0905 0005 0O0C6 003 Q01
0605 004 001 183 403 0.03 83 001 0805 0005 0DOCE 003 009

- O
- m O

STATION: GD2,seep/marsh near wes! end of Grum dump toe road

AGD ALD ASD BD BAD BED BLD CAD cDD COD CRD CUD FED KD LAD MGD MND MOD NAD N-D PD PBD SD SBD SED SO SN-D SRD ThD VD WD ZND
Date mgl  cmgli  mgh  mgl mgl mgl mglt mgl mgh mgh mgh mgl mgh mgl mopl mgl mgl  mgl  mgd mgl mok mgl mpl mgl mgh mgh  mgl  mgt  mgl  mgl  mgh gl

03/07/09 <003 097 <005 024 0054 <001 <04 €81 <00t <005 <005 0O01% @5 <1 <005 161 0.03 <.002 1 <005 <04 <01 1 <03 <03 4 <01 031 <005 <005 <03 <01

JAN 1992 - DEC 1939

Mean 0003 007 0005 024 o005 0001 DO4 B85 0001 00G5 0005 0011 05
§td. Devia o 0 o 0 0 i) 0 Q o 0 o 0 o
Minimum 0003 007 0005 024 0054 0001 004 681 0091 0005 O0CLO5 0011 05
Maximum D003 007 Q005 024 0054 0001 004 681 0001 0005 0005 GO 0§
Num. Vaki 1 1 1 1 1 1 1 1 1 1 1 1 1

0005 161 003 0002 0005 004 0.1 1 003 003 4.01 c31 Do05 Q006 0.03 004
0005 161 Q03 0002

0008 161 003 0002

0005 004 o4 11 003 003
0005 004 001 1 003 043
1 1 1 1 1 i

001 031 000% 0.005 003 0.01
041 03f 9005 0005 003 001

I ~ IS
P
- s e O b
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1999 WATER QUALITY LISTING FOR THE VANGORDA PLATEAU MINESITE

STAYION: LCD, Litfe Creek Dam Pond Water

AGT AT AST BT BAYT BET BT CAT CDT COT CRT GUT FET ¥T LAT MGT MNT MOT NAT N-T PT FBT ST SBT SET ST SN-T SRT TET  WwT  WT  ZNY
Date mg mgl mgl, mgh mel mgt mgl mgl mgl mgl mgl mgl m@lL mghi mgl mpl mgal. mgl mgl mgh mglh mgl mgl mgi mgli mgh mgl mglh mgi mgl mgl mghL

$8/06/98 <003 D22 <005 012 032 <001 <04 825 0006 0027 <005 002 D036 3 <005 294 333 0016 4 0044 049 002 80 <03 <03 15 <0t 043 0012 0067 <03 725
JAN 1959 - DEC 1959
Mean COG3 022 0005 04z 042 000¢ 084 825 0006 0027 0005 002 036 3 0005 294 133 0016 4 0044 o049 002 90 003 003 15 001 043 0012 0007 003 725
SWd.Deva O 0 0 0 o o ] 0 0 0 0 0 0 0 0 o 0 o 1 0 [ 4 0 0 0 0 0 0 0 [} 0 0
Midmum  GDO3 022 0005 042z 042 0007 004 825 0006 0027 0005 002 036 3 0005 284 133 0816 4 0044 049 0062 80 003 003 15 001 043 042 0007 003 725
Meximuem 0003 022 0005 042 042 0001 004 825 0008 0027 0005 002 036 3 0005 294 433 006 4 0044 049 002 90 002 003 15 001 D43 0042 0007 003 725
Mum, Vei 1 1 1 1 1 1 H 1 1 1 1 i 1 1 1 1 1 1 1 1 1 1 1 1 1 1 3 1 1 1 1 1
AGD AL-D ASD BD BAD BED BLD CAD CDD COD CRD €UD FED KD LAD MGOD MND MOD NAD NWD PD PBD SD SBD SED SO SND SRD THD WD WD ZND
Date mgl. mgl mol mgl mgl mgl mgl mgl mgl mgl mglL mgl mgL mgl mgl mgL mgl mgl mgh mgh mgh mgl mgl mgl mgl mglh mgl mgl mgL mgl mgl  mgl
181069 <003 <06 <005 <05 0007 <001 <04 647 0007 <005 <005 0004 90035 2 <005 223 085 <002 3 002 <04 <01 100 <03 <03 <1 <01 0315 <005 <005 <03 477
JAN 1988 - DEC 1958
Mean 0003 005 0006 005 0407 0001 004 647 0007 0005 0005 0004 003 2 Q005 223 085 0402 3 002z ©GO4 001 100 003 003 01 001 0315 0005 0005 003 477
Std.Devia O o 0 [ a o 0 0 o 0 0 o 0 o 0 0 0 a 9 0 0 a o 0 0 0 0 i 0 0 0 [
Minmum 0003 005 0005 005 0007 0001 004 647 0007 0005 CO05 0004 003 2 D005 223 685 0002 3 002 004 001 100 003 003 Of 001 0315 0005 0005 003 477
Meximum 0003 005 0005 005 0907 0001 004 647 0007 0005 0005 0004 003 2 0005 223 085 0002 3 002 004 001 100 003 003 01 001 0315 0405 0006 003 47T
Num. vau 1 1 1 1 1 1 1 1 3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

STATION: VGSEEP, VG pitramp ditch/seepage

AGT AT AST BT BAT BET BT CAT CDT COT CRT CUT FET KT LAT MGT MNT MOT NAT NPT PBT ST SBT SET ST SNT SRT T-T Wl W.T  ZINT
Date mgl,  mgh mgl mglL mgl mgi mgl mgl omgl mgi mgl mgh mgl mgl mgt mgl mgh  mgl mgl mgl mgl mgl mgl mgl mgl mgl mgl mgl mgl mgl mel mgl

18/06/98 0.063 329 <005 012 08923 0089 <04 4287 3144 75656 <006 033 4087 21 0263 4645 27853 1.628 20 5398 1268 755 162 585 <03 111 <01 1206 006 0061 <03 11832

JAN 19938 - DEG 1998

Mean 0.063 329 0005 912 0923 0009 004 4287 3444 7565 0005 0733 4047 21 0263 4645 27893 1628 20 5398 1258 755 162 685 003 114 001 1206 006 0061 0063 11832
Std. Devia a ] 0 0 0 0 o o o Q 0 0 Q o 1] 0 ] o a 0 o 1] [+] 0 o [ o [+] ] 1] 0 o}
Minimeem  0.063 329 0005 0.2 0823 0008 0.04 4287 3144 7565 0005 0733 4087 29 0263 4645 27593 1628 20 5398 1258 755 62 585 003 111 001 1206 006 ©0061 003 11832
Meximam  0.063 329 0005 (012 0823 0009 004 4287 3144 TSE65 0005 0733 4087 21 0263 4645 27893 1628 20 5398 1258 758 162 585 003 111 001 4206 o006 0061 0.03 11832
Num. Vahe 1 1 1 1 1 1 1 1 1 1 i 1 1 1 1 i i 1 1 1 1 1 1 i 1 1 1 1 1 i 1 1

AGD ALD ASD BD BAD BED B.D CAD COD COD OSRD GUD FED KD LAD MGD MN-D MO.D NAD NWD PbD PBD SO SBD SED &0 SND SROD TLD WD WD ZND
Date mgl mgl mgl mgl mgL mgl mgl mgpl mgL mgl mgl mgl mgl mgl mglh gl mgi mgl mgl mgl mgl mgl mgl mgl mgl mgl mol mgli mgl mgh mgl mgl

18/06/09 <003 186 <005 <05 9243 0.005 <04 3831 2615 6749 <005 0498 3443 13 0305 4385 256464 1389 17 467 1174 506 1683 431 <03 a7 <01 1068 <005 <005 <03 10585

JAN 1999 - DEC 1999

Mean 0003 186 9005 00% 0243 0.005 004 3831 615 6749 0.005 0498 3443 13 0308 4365 25664 1389 17 467 1174 508 1683 431 003 a7 001 1.0688 0005 ©0.005 003 10595
Sid, Pevia 0 Q o ] 0 0 a [+ 0 0 0 0 0 0 0 1] 1] 0 ] 0 0 ¢ ¢
Minimum  0.003 185 0005 005 0243 0006 004 3831 2615 6749 0005 0498 3443 13 0308 4365 25664 1,369 17 467 11741 606 1683 431 003 9.7 001 1068 0005 4005 003 10595
Maxdmum  0.003 186 0005 005 0243 €005 004 3831 2615 6749 0005 0498 3443 13 0309 4366 25664 1369 17 467 1174 508 1683 4321 003 9.7 001 1.0688 0005 0£.005 0.03 10595
Num, Valu 1 1 1 1 1 1 H 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 t 1 1 1 1 1 1 1 1 k]

1995Vang-melals Page 13
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Biological Monitoring at Vangorda Cr, 1999 LES, 2000

1.0 INTRODUCTION

On November 8, 1994 Anvil Range Mining Corporation (Anvil) was officially assigned Licence
Number IN89-002, which was originally issued to Curragh Resources Inc by the Yukon Territory
Water Board.

The mine has not operated since January 1998. Low metal prices (zinc and lead) and financial
difficulties experienced by Anvil indicated that thus closure had the potential to be long term. On
April 21, 1998, Deloitte & Touch Inc were appointed as the interim receivers for the Faro Mine
property, operations and assets.

To maintain the water license in good standing, requirements are to be met during temporary shut
down. Deloitte & Touche Inc contracted Laberge Environmental Services (LES) to conduct various
monitoring programs during 1999. To comply with Part D, Section 2 of the licence, a biological
monitoring program is to be conducted every two years on the Vangorda Creck system. The
Schedule states that three replicate samples of benthic macro-invertebrate fauna are to be collected
from four sites located on Vangorda Creek. These benthic organisms are then to be identified,
enumerated and the data evaluated. Water samples are also to be collected at the sites to aid in the

data interpretation.

Under Part D, Section 3, of the water licence, triplicate sediment samples are to be collected

concurrently with the benthic monitoring program.

This report contains all data collected during the 1999 surveys with some comparisons made with

past monitoring prograras.



Biological Monitoring at Vangorda Cr, 1999 LES, 2000

2.0 STUDY AREA

The lead-zinc mine near Faro, located at approximately 62° 20' N and 133° 25' W (Figure 1),
consists of three open pits. Of the three open pits developed on the mine site, two (Faro and
Vangorda) are depleted of economic ore reserves while the third (Grum) contains up to five years

of mineable ore reserves.

The Grum and Vangorda deposits were extracted within the Vangorda Creek watershed and the
ore was transported via the haul road to the mill for concentrating. The following four sampling

stations are located upstream and downstream of the mined area (Figure 2):

V1: Vangorda Creek upstream of the Blind Creek Road and the Vangorda pit.

V27: Vangorda Creek just upstream of the confluence with Shrimp Creek and

downstream of all mining related activity.

V5:  West Fork of Vangorda Creek upstream of the mine access road.

V8: Vangorda Creek upstream of the bridge to the Faro town water supply, and

approximately 500 metres upstream of the confluence with the Pelly River.
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Biological Monitoring at Vangorda Cr, 1998 LES, 2000

3.0 METHODS
3.1 Water Quality

Water quality samples were collected on two occasions during the biological monitoring program;
on July 29, and on August 30 and 31, 1999.

3.1.1 Field Measurements

In-situ measurements were taken at each site during both surveys. Conductivity and temperature
were determined with an Orion conductivity meter model 126. Dissolved oxygen readings were
obtained using an Orion oxygen meter model 820 and pH measurements were taken using an
Accumet pH meter. '

3.1.2 Chemical Analyses

Water samples to be analyzed for total and dissolved metals {copper, iron, lead and zinc) were
collected in acid washed 250 ml polyethylene bottles preserved with 1.25 ml of HNQ;. The
dissolved metals samples were filtered in the field using a millipore filter kit prior to
preservation. Samples to be analyzed for total hardness were obtained from the total metals
bottle.

Samples to be analyzed for sulphate, ammonia, alkalinity, and suspended solids were collected
in one litre polyethylene bottles.

All chemical analyses were conducted by Cavendish Analytical Laboratory Ltd in Burnaby,
British Columbia following the methods as outlined in Standard Methods for the Examination
of Water and Wastewater 18th Edition (Clesceri et al 1989) and U.S. EPA protocols.

3.2 Water Quantity

Discharge was measured at each of the sites on both visits. An area with a uniform cross section
was chosen and the velocity and depth were measured using either a AA Price or Price mini
meter. Ten or more readings were taken across the profile of the stream. Total discharge was
calculated as the sum of these individual discharges (area x velocity).



Biological Monitoring at Vangorda Cr, 1999 LES, 2000

3.3 Stream Sediment Sampling

Triplicate sediment samples were collected from the four sites (V1, V27, V5 and V8) during the
July visit. Sample sites were selected from an exposed area of the stream bank, generally
characterized by the finest grain size evident at the site. Samples were collected with a teflon
trowel and placed in zip-lock plastic bags. The samples were packed on ice when shipped to
Cavendish Analytical Laboratory in B.C.

The samples were dried, passed through a 100 mesh (0.15 mm) stainless steel sieve, and then run
through an ICP analysis to determine levels of metals, using methods found in Standard Methods
Jor the Examination of Water and Wastewater 18th Edition (Clesceri et al 1989) and U.S. EPA
protocols found in Test Methods for Evaluating Solid Waste, Physical Chemical Method, SW846.

34 Benthic invertebrate Sampling

Artificial substrate samplers were used for benthic invertebrate sampling. The basket samplers
were cylindrical in shape, measured 26 cm long with a diameter of 17 ¢m, and were constructed
of galvanized wire with 2 1 cm mesh. Each substrate sampler was filled with washed indigenous
gravels collected from the stream bed or the bank at each sample site. The surface area provided
by this 'artificial substrate’ was approximately 6000 + 1000 cm? (Baker 1979). Three rock filled
samplers were submerged in riffle areas of the stream at each site on July 29, 1999. These
samplers were left to colonize for five weeks. On August 30 and 31, 1999, the artificial substrate
samplers were retrieved by placing a screened bucket with a 300 micron mesh, downstream and
under the basket. On shore the basket was opened in the bucket. Individual rocks were then
carefully washed in the screened bucket to remove and collect all invertebrates from that sample.
The debris and benthic invertebrates remaining in the bucket were placed in a one litre nalgene
botile and preserved with 10% formalin. These samples were sent to Charles Low PhD, an

entomologist in Victoria, B.C. for enumeration and identification.

All samples were washed through two screens with mesh sizes 1 millimetre and 180 microns. All
of the organisms retained by the coarse screen were counted and identified, whereas the
organisms on the 180 micron screen were subsampled as necessary. A Folsom plankton sphitter
was used for the subsampling. The majority of the benthos were identified to the genus level,
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4.0 RESULTS AND DISCUSSION

To aid in interpretation, site V27 has been placed after V1 and prior to V5 in all of the tables
and graphs. V27 is geographically located below V1 but is upstream of the confluence with the
West Fork of Vangorda Creek.

4.1 Water Quality

Water quality samples were collected in July and August, 1999, at the four sites. The analytical
results are presented in Appendix A. Eight parameters were below the method detection limit:
ammonia, silver (Ag), arsenic (As), bismuth (Bi), antimony (Sb), selenium (Se), tin (Sn) and
tungsten (W).

Part D, Section 2(c) and (d) specifically requests the analysis of total hardness, alkalinity,
sulphate, suspended solids, ammonia, and total and dissolved copper, iron, lead and zinc. The
results for these parameters are presented in Table 1.

4.1.1 Temperature

The temperature values reflected the diurnal and seasonal timing of the sampling, ranging from
3.0°C at V1 in July to 7.7°C in July at V8.

4.1.2 Conductivity

Conductivity, a measure of the total concentration of ionic constituents in water, was low at V1
and V27, and significantly higher at V5 and V8. The highest value of 431 uS/cm occurred at V5
in August.

413 pH

All values were slightly alkaline.

4.1.4  Alkalinity

Alkalinity values were significantly lower in July than in August. It is suspected, although it was
not confirmed, that the July values were one magnitude lower than they should be. Problems
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TABLE 1
WATER QUALITY DATA AT VANGORDA CREEK, 1999
Sample Site Vi va7 V5 V8

Date, 1999 July29  Aug 31 July 29 Aug 31 July28  Aug 31 July29  Aug 30
Temp °C 30 39 4.4 5.2 5.8 59 7.7 7.3
Conductivity 35 56 46 114 328 431 203 264
(uSfcm)

piH 7.44 7.70 7.74 7.87 8.53 8.60 8.21 8.50
Dissolved Oxygen (mg/L) 1.7 136 114 13.3 11.5 13.4 11.1 —
Alkalinity 2 26 5 46 22 187 13 112
mg/L as CaCO3

Cu: fotal 0.0020 9.0113 g.0261  0.0076 0.0204 0.0092 0.0204  0.0081
Cu: dissolved 0.0014  0.0010 0.0008 0.0018 0.010t  0.0029 0.0050  0.0011
Pb: total <0.001 <0.001 <0.001 <0.001 0.018  <0.001 0.007  <0.001
Pb: dissolved <0.001  <0.001 <0.001  <0.001 0.002 <0.001 <0.001  <0.001
Zn: totat 0.002 0.0015 0.040  0.0283 0.032 <0.0004 0.021  0.0054
Zn: dissolved 0.002 <0.0004 0.020 <0.0004 <0.0004 <D.0004 <0.0004 <0.0004
Fe: total 0.070 0421 0.170 0134 7.337 0.242 1.745 0.157
Fe: dissolved 0.014  <0.001 0.015  <0.001 0.010 0.004 0.003 0.001
Sulphate 6 7 14 16 49 60 31 36
Ammonia <0.05 <0.05 <0.05 <(0.05 <0.05 <0.05 <0.05 <0.05
NFR 1 1 5 3 300 7 85 3
Total Hardness 9 22 36 49 174 226 107 135
mg/L as CaC03

Flow m?/sec 0.534 0.293 0.785 0.348 0.364 0.144 1.101 0.484

NOTE: Al units are expressed as mg/L unless indicated otherwise.
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were encountered with the reporting of alkalinity in 1997, but the alkalinity values recorded in
the summer months of 1995 were comparable to the August 1999 values.

4.1.5 Dissolved Oxygen

All sites were well aerated, ranging from 11.1 mg/L dissolved oxygen at V8 to 13.6 mg/L at V1.

4.1.6 Sulphate

Sulphate levels were generally low at all sites. The highest concentration of 60 mg/L occurred
at V5 in August. Sulphate concentrations normally vary from 10 to 80 mg/L in surface waters
(Canadian Council of Resource and Environment Ministers (CCREM) 1987).

417 Ammoma

Ammonia levels were below the method detection limit of 0.05 mg/L in July and in August.

4.1.8 Non-filterable Residue (NFR)

Non-filterable residue (suspended solids) was very low in August at all of the sites. The water
at V5 in July was very turbid (see Figure 3) resulting in a NFR value of 300 mg/L. This effected
the downstream site of V8 with a NFR reading of 85 mg/L.

4.1.9 Total Hardness

Calcium and magnesium are considered to be the primary contributors to hardness but other
cations such as strontium, barium, manganese, iron and aluminum also contribute to total
hardness. The hardness varied at each of the sites: V1 and V27 was very soft, V8 was hard and
V5 was very hard.

4.1.10 Total and Dissolved Metals

Most metal concentrations were low where detected. The Canadian Council of Ministry of the
Environment (CCME) has established recommended guidelines for the protection of freshwater
aquatic life. Note that these guidelines have generally been established under laboratory

conditions or at southern locations, usually using aquatic species exotic to the Yukon. As such,
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Figure 4 In August at V5, the water was clear and levels were considerably lower.

10
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the levels recommended for aquatic life are simply guidelines, and not standards. The guidelines
for copper and lead vary with hardness (Table 2) as these metals tend to be more toxic to aquatic
life in softer waters.

TABLE 2
CCME RECOMMENDED GUIDELINES FOR THE PROTECTION OF
FRESHWATER AQUATIC LIFE

HARDNESS COPPER LEAD IRON ZINC
as CaCO, mg/L mg/L. mg/L mg/L mg/L
0-60 soft 0.002 0.001 0.3 0.030
60-120 medium soft 0.002 0.002 0.3 0.030
120 - 180 hard 0.003 0.004 0.3 0.030
>180 very hard 0.004 0.007 0.3 0.030

Most of the samples analyzed for dissolved copper met the recommended guideline, however,
for the analysis of total copper, the guideline was exceeded at all of the sites, at least on one
occasion. The highest concentration of 0.026]1 mg/L occurred at V27 in July.

Lead was detected at V5 and V8 in July. The guideline was exceeded in these samples for the
analysis of total lead.

The guideline for zinc is 0.030 mg/L irrelevant of hardness. This guideline was slightly exceeded
in July at V27 and V5.

The guideline for iron is 0.3 mg/L. This guideline was significantly exceeded in the July samples
at V5 and V8 and corresponds to the turbid conditions encountered at these sites during the
sampling event.

4.2 Water Quantity

Flows were measured at each of the sites in July and August. These data are presented with the

water quality data in Table 1. Flows decreased over the sampling period and were notably lower
in August (Figure 4).

11
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4.3 Stream Sediment Quality

4.3.1 Metal Analyses for the 1999 Survey

Triplicate stream sediment samples were collected from each of the sites in July. The triplicates
were averaged, and standard deviation was calculated to determine the spread of the triplicates
(Appendix B). Generally the replicates showed little spread and thus were representative samples
of the sites. Of the 31 metals analyzed, four were below the method detection limit in all
samples: bismuth (Bi), selenium (Se), tin (Sn) and tungsten (W).

To conform with past studies, the metals copper, iron, lead and zinc were examined in greater
detail. The mean concentrations of these metals were compared to the CCME(1999) interim
freshwater sediment quality guidelines (ISQG) and to the probable effects levels (PEL) where
generally concentrations greater than the PEL have a 50% incidence of creating adverse
biological effects (see Table 3).

The highest concentration of the four metals was reported at V27, which would be expected as
it is the most directly affected site of those sampled. The upstream site, V1 had slightly higher
concentrations than at V5, the West Fork of Vangorda Creek. As V1 is not affected by mining
activity, the results indicate an area of natural mineralization. The substrate at V5 1s composed
of much finer material than at V1. During sample collection it appeared that significant
deposition had occurred. The downstream site, V8, had similar sediment concentrations to the
background site, V1.

TABLE 3
SUMMARY OF STREAM SEDIMENT METAL CONCENTRATIONS, 1999
STATION |STATION COPPER IRON LEAD ZINC
NUMBER {DESCRIPTION (ug/g) (%e) (ug/q) {ug/g)
V1 Vangorda Cr ws all mining activity 39.2 4.0 447 1414
V27 Vangerda Cr d/s activity & ufs Shrimp Cr 129 4.3 2069 921
VH West Fark of Vangorda Cr 24.9 1.8 30.4 80.9
Ve Vangorda Cr approx 500m wis Pelly R 29.0 2.0 89.0 148
18QG 35.7 — 35.0 123
PE!L 197.0 — 9.3 315
Note: 1SQG = Interim Freshwater Sediment Quality Guidelines
PEL = Probable Effects Level (>50% of adverse effects occur above this level)

12
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The PEL was exceeded at V27 for all of the metals examined. All of the metals exceeded the
ISQG but were below the PEL at V1. Copper was below the ISQG at V8, but lead and zinc
slightly exceeded it. All of the metals examined at V5 fell below the ISQG.

4,32 Comparisons with Past Data

Stream sediments were collected at these sites in 1993 (Burns, 1993), in 1995 (Burns, 1996) and
in 1997 (Burns, 1998) as a requirement of the company's water licence. The data for selected
metals are presented in Table 4 and in Figures 5, 6, 7 and 8.

Metals in sediment are difficult to interpret because levels vary widely as a function of natural
mineralization of local soils in a given water shed and it is difficult to obtain truly representative
samples. The data over the years has fluctuated and no trends can readily be produced, however

the following observations were noted:

. The concentrations of the examined metals are increasing at V27.
. Concentrations of lead and zinc were much greater at V27 than at the other sites.
. Iron is relatively similar throughout the years and at the sites, with V1 and V27 having

the greatest concentrations.

. The concentrations of the metals examined were the lowest in the stream sediments at V5.

44 Benthic Invertebrates

Three phyla were found in the study area: Arthropoda, Annelida and Nematoda. A total of 73
different taxonomic groups were identified within these phyla. These data are presented in
Appendix C.

441 Abundance and Taxonomic Richness

The number of organisms of the triplicates for each site was summed to give a total abundance

value for that site. Population numbers were similar at each site, ranging from 1025 and V1 to
1284 at V5.

13
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TABLE 4
COMPARISONS OF METALS IN STREAM SEDIMENTS
1993, 1995, 1997 AND 1999

Site  Year Copper Iron Lead Zinc

V1 1993 24 (4) 3.7 (4.6) 30 (8) 120 (13)
1995 33 (2) 3.1(2.6) 43 (14) 177 (40)
1997 53 (19) 27(1.0) 58 (35) 132 (71)
1999 39 (2) 4.0 (0.1) 45 (16) 141 (12)

V27 1993 52 (4) 3.2(1.5) 587 (518) 436 (126)
1995 5@ (11) 2.7 (4.0) 1305 (1215) 519 (43)
1997 88 (12) 38(7.0) 1492 (642) 652 (55)
1899 129 (45) 4.3(0.7) 2069 (375) 921 (290)

V5 1993 28 (1) 2.2(0.8) 23 (1) 98 (5)
1895 36 (2) 1.8 {0.3) 52 (2) 129 (4)
1997 36 (2) 2.1 {0.6) 35 (3) 100 (5)
1999 25(1) 1.8 (0.0) 30(2) 81(2)

V8 1893 37 (0) 2.8 (0.3) 214 (11) 251 (12)
1995 48 (4) 2.2(1.0) 218 (70) 391 (111)
1997 36 (5) 2.3(0.6) 114 (6) 221 (25)
1999 29 (2) 2.0(0.1) 89 (40) 148 (40)

NOTE: Number in brackets is the standard deviation for that set.

14
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COMPARISON OF COPPER IN SEDIMENTS IN
VANGORDA CR - 1993, 1995, 1997 & 1999
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Figure 5 Comparison of copper in stream sediments

COMPARISON OF LEAD IN STREAM SEDIMENTS
VANGORDA CR - 1993, 1995, 1997 & 1999
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Figure 7 Comparison of lead in stream sediments
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COMPARISON OF IRON IN STREAM SEDIMENTS
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Figure 6 Comparison of iron in stream sediments
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Figure 8 Comparison of zinc in stream sediments
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Taxonomic richness was determined for each site by enumerating all the taxonomic groups
identified from species to phylum as a measure of community diversity. The diversity ranged
from 32 different taxonomic groups at V1 to 55 different taxonomic groups at V5.

Abundance and diversity values were plotted and are displayed in Figure 9.

Although V1 is the background site, the benthic community is not as abundant or diverse as the
potentially impacted sites downstream at V27 and V8. Periphyton studies conducted at V1 in
1990 showed this site to have low productivity (Limnotek data files). Several benthic species feed
on periphyton and this could explain their lower numbers. Elevation could also influence the
productivity. The elevation at V1 is 4100 feet whereas at V8 it is 2100 feet. Unfortunately, the
location of V1 as a background site is the only possible one to ensure that is located on
Vangorda Creek and is upstream of any mining activity.

4472 Distribution

The composition of the benthos communities was displayed as a percentage of the major
taxonomic orders for each station (Table 5). Based on this, taxa were classified with respect to
their dominance within the community (Table 6).

Diptera was the dominant taxa at all four sites and Plecoptera shared dominance at V1, V27 and
V8. Ephemeroptera was subdominant at V27 and V8. The other sites did not have a subdominant

group. The remaining taxa were either common or rare.

Ephemeroptera, Trichoptera and Plecoptera are sensitive to most types of pollution (Rosenberg
and Resh, 1993) and Lehmkuhl (1979) has identified several groups within these insect orders
which have very low tolerance to chemical pollution. Nine taxa (five taxa within Plecoptera, three
taxa within Ephemeroptera and one taxa within Trichoptera) have been identified in the Vangorda
watershed (Table 7). All nine sensitive taxa were recorded at V8. The sites V1 and V27 had
seven out of the nine sensitive taxa present and eight were identified at V5. As there appears to
be good representation of pollution sensitive species at the Vangorda sites, it can be assumed that

the water and stream sediments are of good quality for the support of aquatic life.
The above statement appears contradictory to the results presented in Section 4.3. The

concentrations of lead and zinc in the stream sediments at V27 were well over the probable
effects level (PEL). According to CCME (1999), there should be severe adverse effects on the

16
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SITE LOCATION ABUNDANCE TAXONOMIC
RICHNESS

Vi Vangorda Cr u/s all activity 1025 32

Va7 Vangorda Cr dfs activity & ws Shrimp Cr 1061 37

V5 West Fork of Vangorda Cr 1284 55

V8 Vangorda Cr approx 500m ws Pelly R 1061 45
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FIGURE 9 Abundance and Taxonomic Richness at Vangorda Creek, 1999
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TABLE 5
THE PERCENTAGE OF COMPOSITION OF DIFFERENT TAXONOMIC
GROUPS AT EACH STATION
TAXONOMIC GROUP A V27 V5 V8
Ephemeroptera 9.8 16.0 7.9 18.7
(mayflies)
Plecoptera 40.1 31.5 26.5 4.3
(stoneflies)
Trichoptera 2.2 8.7 0.8 1.9
{caddisflies)
Diptera 40.5 42.0 57.4 67.4
(true flies)
Hydracarina 6.5 1.0 5.0 7.1
(water mites)
Other * 0.8 0.8 24 286
* Other includes one or more of the following taxonomic groups:
Nematoda Aranaea Coleoptera Oligochaeta
Hymenoptera Ostracoda Homoptera Thysanoptera
Lepidoptera Copepoda Colembola
TABLE 6
TAXONOMIC DISTRIBUTION OF BENTHIC INVERTEBRATES
SITE |[LOCATION DOMINANT SUBDOMINANT COMMON RARE
{=25%) (10% 1o 24.9%) {1.0% 10 9.9%) (0.1% =0 0.9%)
Vi1 Vangorda Crws all | Diptera Ephemeroptera Other
mining activity Plecoptera Hydracarina
Trichoptera
V27 | Vangorda Cr d/s mining | Diptera Ephemeroptera Trichoptera Other
activity & w's Shiimp Cr | Plecoptera Hydracarina
V5 West Fork of Diptera Ephemeroptera Trichoptera
Vangorda Cr Plecoptera Hydracarina
Other
V8 Vangorda Cr approx | Diptera Ephemeroptera Hydracarina
500 m ws Pelly R Piecoptera
Qther
Trichoptera
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aquatic biota under these conditions. However, the benthic community structure, abundance and
diversity were very similar to the other sites where metal concentrations in the stream sediments
were well below the PEL. In addition, the same number of metal pollution sensitive insect taxa
were present at V27 as at the upstream site of V1. This would indicate that although metals
levels are very high at V27, the metals are not in a bicavailable form and thus are not impacting

the benthos at this site.

TABLE 7

Presence (+) and Absence (-) of Sensitive Taxa at
Vangorda Creek, 1999

Sensitive Taxa V1 V27 V5 V8
Plecoptera
Nemouridae + + + +
Perlodidae + - + +
Capniidae - + + +
Chloroperlidae - - + +
Taeniopterigidae + + + +
Ephemeroptera
Epeorus + + + +
Ephemerellidae + + + +
Rhithrogena + + - +
Trichoptera
Rhyacophilidae + + + +
Total # of sensitive taxa: 7 7 8 9

After Lehmkuhl (1979)
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443 Comparisons with Past Data

Benthic invertebrate monitoring has been conducted at the four sites on Vangorda Creek every
two years commencing in 1991, as a requirement of the company's water licence. Artificial
substrate samplers were used for each survey with a colonization period of five to six weeks. To
assess the health of the benthic communities, abundance (total population), diversity (taxonomic
richness), taxonomic dominance and presence of sensitive taxa were examined for each site per
year (see Table 8). A healthy benthos community would be characterized by numerous

individuals, many different types of organisms and the presence of pollution sensitive species.

The lowest population at each of the sites generally occurred in 1991, although the total
abundance was slightly less at V5 in 1995. During 1991, the samplers were washed into shore
during a flood event leaving the baskets at V5 and V8 only partially submerged (Burns, 1991).
Consequently only the lower portion of the samplers were available for colonization which could
account for the lower populations. Populations fluctuated during the other surveys. The highest
populations occurred in 1997 at V5 and V27, in 1995 at V8 and in 1993 at V1. The variation in
total abundance can be attributed to many natural factors such as climate, stream flow, life cycles
of the various organisms, timing of the sampling, as well as the chemistry of the water and the
stream sediments.

To enable comparisons between the surveys, taxonomic richness was determined by using the
lowest common dominator. For example, in 1991 and 1993, some of the insect orders were
identified to the family level only. If genera or species were identified within this family in 1995,
1997 and/or in 1999, they were lumped together and considered as one taxon. The total
taxonomic richness for 1995, 1997 and 1999 are therefore lower in Table 8 than that determined
in the individual studies. Overall populations appeared to be less diverse in 1999 than in recent
years, but were not as low as the taxonomic richness recorded in 1993.

Diptera was the dominant or co-dominant group at all of the sites during each of the surveys.
Plecoptera commonly shared dominance at each of the sites. The community at V1 was
dominated by two insect orders for each of the studies. Overall the community structure appears

to be stable over time.

The total number of sensitive taxa identified at the sites ranged from five to nine and indicates
the presence of good water and sediment quality.
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TABLE 8
COMPARISONS OF BENTHIC DATA FOR THE YEARS 1991, 1993, 1995, 1997 & 1999
Site Year Total Taxonomic Dominant Taxa Total # of
Abundance Richness Sensitive Taxa
V1 1991 763 17 Diptera & Ephemeroptera 5]
1983 3,090 19 Diptera & Plecoptera 7
1885 1,758 26 Plecoptera & Diptera 8
1897 1,663 29 Diptera & Plecoptera 8
1999 1,025 20 Diptera & Plecoptera 7
V27 1991 953 24 Diptera 5]
1993 5,852 17 Plecoptera & Diptera 5
1995 4,929 28 Plecoptera & Diptera 9
1997 11,751 29 Diptera & Plecoptera & 8
Ephemeroptera
1999 1,061 23 Diptera & Plecoptera 7
V5 1991 1,298 28 Diptera 7
1993 2,193 21 Diptera & Plecoptera 6
1995 1,550 28 Diptera 8
1997 2,291 38 Diptera 9
1999 1,284 32 Diptera & Plecoptera 8
va 1991 594 22 Diptera 6
1993 3,024 19 Diptera & Plecoptera 6
1895 8,340 35 Diptera 8
1997 804 25 Diptera & Plecoptera 6
1999 1,061 28 Diptera 9
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5.0 SUMMARY

Water quality was generally good throughout. The water was turbid at V5 and V8 in July and
was running clear in August. Although some of the metals exceeded the CCME guidelines for
the protection of freshwater aquatic life, this appears to be a factor of the relatively high
suspended solids in the water column experienced during the July sampling. All metals levels
were low in the dissolved portion and in the August samples.

The levels of metals present in the stream sediments in upper Vangorda Creek show that it drains
a mineralized area. V27, which is located downstream of the Vangorda deposit, shows increases
in concentrations of copper, lead and zinc from 1993 to 1999. The high concentrations of these
metals at V27 do not appear to have impacted the benthic community.

The benthic communities were very similar in abundance and structure at all of the sites in 1999.
They were diverse with good representation from the major groups of organisms that are usually
present in lotic waters, including several pollution sensitive species. The communities appear

stable over time.
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Site

V1
\'S]
V8

V27

APPENDIX A

Site

V1
V5
Ve

Va7

ROUTINE WATER QUALITY ANALYSIS, VANGORDA CREEK, JULY 1999

Alkalinity Hardness Ammonia Sulphate Total Suspended Solids

{ppm) {ppm) (PPm) {ppm) {ppm)
2 9 <0.05 6 1
22 174 <0.05 49 300
13 107 <0.05 31 85
5 36 <0.05 14 5

ROUTINE WATER QUALITY ANALYSIS, VANGORDA CREEK, AUGUST 1999

Alkalinity Hardness Ammonia Sulphate Total Suspended Solids

(ppm}) {ppm) {Ppm) (Ppm} {ppm)
26 22 <0.05 7 1
187 226 <0.05 60 7
112 135 <0.05 36 3

46 49 <0.05 16 3



APPENDIX A WATER QUALITY METALS DATA, VANGORDA CREEK, JULY 1999

METAL (ppm) Ag Al As B Ba Be Bi Ca Cd Co Cr Cu Fe K La Mg

V1 Total <.0001 0.03 <.001 0.1 0.0167  <.0001 <.001 290 <0001 <0002 <0002 0.0020 0.070 0.4 <.0002 0.61
V1 Dissolved <.0001 0.05 <.001 005 0.0080 <.0001 <.001 278 <0001 <0002 0.007 0.0014 0.014 0.2 0.000 0.58
V5 Total <.0001 467 <.001 0.01 0.1570  0.0003 <001 4270 <0001 <.0002 0.018  0.0204 7.337 1.4 0.005 18.20
V5 Dissolved <.0001 0.32 <.001 0.07 00357 0.0001 <001 40.86 <0001 <.0002 0.003 0.0101 0.010 0.7 <0002 17.41
V8 Tofal <.0001 1.09 <.001 0.01 0.0577 0.0002 <.001 27.35 <.0001 <.0002 0012 0.0204 1.745 0.6 0.000 10.50
V8 Dissolved <.0001 0.15 <.001 0.07 0.0223 <.0001 <.001 2617 <0001 <0002 0.005 0.0050 0.003 05 <.0002 10.05
V27 Total <.0001 0.08 <.001 002 0.0280 <.0001 <.001 10,73 0.0002 <0002 . <0002 0.0261 0.170 0.3 <.0002 2.60
V27 Dissolved  <.0001 0.03 <.001 003 00133 0.0001 <.001 10.27 <0001 <0002 <0002 0.0008 0.018 0.3 <0002 2,49
METAL (ppm) Mn Mo Na Ni P Pb S Sb Se Si Sn Sr Ti v w Zn
V1 Total 0001  <.0001 08 <.0002 <.002 <,001 14 <.001 <.001 246 <0004 0.0237 00035 <.0002 <.001 0.002
V1 Dissolved 0.001 <.00D1 1.0 0.002 <.002 <.001 1.9 <.001 <.001 3.23 <.0004 00270 00010 <.0002 <.001 0.002
V5 Total 0111 <0001 24 0.016 0.196 0.018 11.2 <.001 <.001 865 <0004 0.1592 0.1330 0.011 <001 0.032
V5 Dissolved 0.002 <0001 24 0.001 <.002 0.002 16.3 <.001 <.001 272 <0004 00892 00024 0.000 <001 <.0004
V8 Total 0.036 <.0001 1.6 0.004 <,002 0.007 7.3 <,001 <.001 423 <0004 00988 0.0329 0.002 <.001 0.021
VB Dissolved 0.001  <.0001 1.7 0.001 <.002 <.001 10.2 <.001 <.001 3.11 <.0004 0.0650 0.0014 0.001 <.001 <0004
V27 Total 0.005 <.0001 1.1 0.004 <.002 <.001 3.1 <.001 <.001 3.73 <0004 0.0484 0,0039 <0002 <.001 0.040

V27 Dissolved 0.003 <0001 1.2 0.001 <.002 <.001 4.6 <.001 <.001 484 <0004 00637 0.0024 <.0002 <.001 0.020
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METAL (ppm)
V1 Total
V1 Dissolved

V5 Total
V5 Dissolved

V8 Total
V8 Dissolved

V27 Total
V27 Dissolved

METAL (ppm)
V1 Total
V1 Dissolved

V5 Total
V5 Dissolved

V8 Total
V8 Dissolved

V27 Total
V27 Dissolved

Ag
<.0001
<.0001

<.0001
<,0001

<.0001
<,0001

<. 0001
<.0001

Mn
0.0017
<.0004

0.0088
0.0025

0.0178
0.0016

0.0032
0.0010

Al

0.038

0.006

0.082
0.022

0.085
0.008

0.048
0.012

Mo

0.0009

0.0002

0.0009
0.0004

0.0005
0.0001

<.0001
0.0001

As

<.001

<.001

<.001
<.001

<,001
<.001

<.001
<.00t

Na
2.43
2.32

529
5.086

3.80
3.64

2.42
2.31

WATER QUALITY METALS DATA, VANGORDA CREEK, AUGUST 1999

0.017
0.075

0.045
0.610

0.008
0.280

0.057
1.056

Ni -

0.0008
<.0002

-<,0002

<.0002

<.0002
0.0002

0.0009
0.0003

Ba

0.0245

0.0035

0.0495
0.0207

0.0421
0.0089

0.03686
0.0058

<.002
<.002

<.002
<.002

<.002
<.002

<.002
<.002

Be

<,0001

<,0001

0.0002
0.0001

0.0001
<.0001

<.0001
<.0001

Pb

<.001

<.001

<.001
<.001

<.001
<001

<.001
<.001

Bi
<001
<.001

<.001
<.001

<.001
<.001

<001
<001

2.59
2.48

20.83
19.93

12.42
11.88

5.68
5.43

Ca
8.073
7.725

58.0090
55.588

35.718
34.180

14.778
14,142

Sb
<.001
<.001

<.001
<.001

<.001
<.001

<.001
<001

Cd
0.0051
<.0001

0.0023
0.0003

0.0007
0.0002

6.0009
0.0005

Se
<.001
<.001

<.001
<.001

<.001
<.001

<.001
<.001

Co
<0002
<0002

0.0004
<.0002

£.0002
<.0002

<.0002
<.0002

Si
2.702
3.538

2795
3.265

2910
3.448

3.442
8.119

Cr
<.0002
<,0002

<,0002
<.0002

<.0002
<0002

<.0002
<.0002

Sn
<.0004
<,0004

<.0004
<.0004

<.0004
<.0004

<.0004
<.0004

Cu
0.0113
0.0010

0.0092
0.0029

0.0081
0.0011

0.0078
0.0018

Sr
0.0385
0.0282

0.1679
0.1459

0.1238
0.0791

0.0703
0.0592

Fe
0.421
<,001

0.242
0.004

0.157
0.001

0.134
<.001

Ti
0.6221
0.0014

0.0127
0.0023

0.0091
0.0011

0.0058
0.0014

0.42
0.20

0.81
0.79

0.76
0.56

0.42
0.34

0.0011
<.0002

<.0002
<.0002

<.0002
0.0002

<.0002
0.0011

La

<.0002

<.0002

<.0002
<.0002

<.0002
<.0002

<.0002
<.0002

<.001
<.001

<001
<.001

<.001
<.001

<.001
<.001

Mg
0.698
0.668

22277
21.317

12.658
12.113

3.3585
3210

n
0.0015
<.0004

<.0004
<,0004

0.0054
<.0004

0.0283
<.0004
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APPENDIX B STREAM SEDIMENT DATA AT VANGORDA CREEK, 1999

Site Ag Al As B Ba Be Bl Ca Cd Co Cr Cu Fe K La Mg Mn Mo Na Ni P Pb Sb Se Si &n Sr Ti v w Zn
{ppm) (%) (ppm) (ppm} (ppm) (ppm} (ppm) (%)} (ppm) {ppm) (ppm} (ppm) (%) (%) (ppm) (%) (ppm) (ppm) (%} (ppm) (ppm} (ppm} (ppm} {ppm} (%) {(ppm)} (ppm) (%) (ppm} (ppm) (ppm)

V1-A <1 173 27 3 28 15 <3 052 08 2 &0 41 417 018 26 073 1363 4 003 54 1112 862 <2 <1 003 =<5 44 007 36 <2 153
Vi-B <1 172 28 3 282 16 <3 08 110 19 53 38 382 018 23 068 1583 2 003 47 1150 41 <2 <1 003 <5 47 0067 37 <2 140
V1-C <i 172 2 3 272 14 <3 051 04 20 66 38 398 017 27 075 1579 3 003 46 1067 H <2 < 003 <5 43 007 35 <2 129

MEAN 0.6 172 281 3.2 284 15 00 053 0.7 200 595 392 402 018 277 072 1508 3.0 003 4%1 1110 447 00 00 003 00 444 007 362 00 140.9
8.D. 00 000 16 03 106 01 00 Q03 03 08 68 47 013 000 15 004 2691 12 000 48 414 162 00 06 000 00 21 000 08 00 1214

V27-A 47 114 174
V27-B 18 092 124
V27-C 37 126 158

338 08 <3 085 25 22 42 159 488 007 35 08t 666 7 003 5 1412 2486 10 <1 004 <5 53 003 25 <2 1102
216 06 <3 078 13 H 44 77 351 Q05 20 0B 578 4 002 50 1050 1761 3 <1 003 <5 4 004 26 <2 567
491 08 <3 063 289 22 4 151 469 008 38 081 731 6 003 62 1484 1981 7 < 004 <5 57 003 28 <2 1074

[R5 ]

MEAN 34 1108 152 3.038 3664 0.73 0 0645 23 2164 433 1289 4.286 0.067 3117 0.87 657 5.708 0.026 56.02 1315 2069 €713 0 0,036 O 5145 0.034 2886 ¢ 921
$.D. 1.5 0471 26 0.228 143.1 0192 0 0.107 0.8 0865 1.134 4502 0.675 0.013 10.08 D.052 78 1.348 0005 5924 233 375 3048 0 0002 0 6703 0.004 1,779 0O 290

V5-A <1 085 15
V5B <1 070 16
v5-C <1 075 12

248 04 <3 183 03 10 35 28 179 008 16 D090 408
275 04 <3 154 <2 10 35 24 180 008 18 085 375
286 04 <3 157 <2 10 35 25 185 0068 20 084 3M

003 47 10686 30 <2 <1 004 <5 69 003 24 <2 80
002 43 1128 32 <2 <1 003 <b 81 004 24 <2 80
003 43 1188 29 <2 < 003 <5 63 004 25 <2 83

W wax
NN

MEAN 0.0 o070 145 33 2% 04 0.0 1685 01 89 348 249 181 006 181 086 384 21 0.03 446 1119 304 B0 00 003 00 840 004 248 0.0 809
5.0, 00 005 18 03 196 00 o0 016 02 04 02 12 003 000 21 GO04 200 02 000 24 513 15 00 00 000 00 41 000 08 00 19

V8-A <1 084 15
V8-B <1 079 186
va-C 03 07 23

247 D4 <3 101 <2 10 32 28 200 007 19 074 437 003 40 984 T <2 <1 003 <6 47 004 25 <2 134
255 04 <3 126 03 11 31 22 193 006 18 078 435 2 003 42 1082 81 <2 <1 004 <5 54 004 26 <2 N7
247 04 <3 090 03 11 37 31 2407 008 17 075 444 2 002 41 881 138 <2 <t 003 <5 44 004 26 <2 194

W W W
Y

MEAN 01 079 180 29 250 04 00 105 0.2 107 334 200 260 0.08 180 08 4389 19 003 410 98 89 00 60 003 00 484 00 258 0.0 1483
8.0, 02 004 44 01 49 00 00 o018 0.2 04 28 17 007 000 10 00 45 05 000 09 1054 400 060 00 O0.00 OO0 &4 00 09 0.0 401
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APPENDIX C

Fine fraction spfit to:

PHYLUM ARTHROPODA

Class Insecta

Order Ephemeroptera

Family Siphlonuridae
Ameletus sp

Family Baetidae
Baetis sp

Family Heptageniidae
Cinygmula sp
Rhithrogena sp
Epeorus (Iron) sp

Family Ephemerellidae
Ephemerella coloradensis
Ephemerella doddsi

Order Plecoptera
Plecoptera Unid Juv

Family Capniidae
Capnia sp

Family Perlodidae
Megarcys sp
Skwala paralella

Family Taeniopterygidae
Taenionema sp

Family Chloroperiidae
Sweltsa sp gp

Family Nemouridae
Zapada sp

Order Trichoptera

Family Limnephilidae Unid J/D
Ecclisomyia sp
Dicosmoecus sp

Family Arctopsychidae
Arctopsyche sp

Family Glossosomatidae

Glossosoma sp

Family Hydroptilidae Juv
Hydroptila sp

Family Rhyacophilidae
Rhyacophila acropedes or vao
Rhyacophila hyalinata

Family Diptera
Diptera Unid A
Diptera Unid P

Family Chironomidae
Chironomidae Unid L
Chironomidae A
Chironomidae P

Sub Family Orthocladinae
Brillia sp
Cardiocladius sp
Cricotopus sp
Diamesa sp
Eukiefferiella sp

unid = unidentified J = juvenile

BENTHIC INVERTEBRATE DATA, VANGORDA CREEK, 1889

Via Vib WVie

112
20 1
-
& 9
15 2
2 11
1
1
1
4
358 14
15 1
5
132
16 1
21
75
1
100
L =1larvae

31

A = adult

1 1
1 1
28 15
5 3
2
115 21
1
9 1
21 13
30 3
1 1
5 1
1
1
22 6
1 1
69 9
1 1
1
82 13
5
120 30

P = pupae

VBa Vbb Vsc

33

91

10

20

10

54

54

89

V27a V27b
5
2 9
3 95
3 2

1
3
9 6
44 48
13 4
3
5 9
3 2
30 35

3
1 1
5 g
7 11
30 20

D = damaged

V27c

25

-~ O @

15

211

35

108

52
40
48

V8b V8c V8a

61

16

—

42

23

95

78

13

32

11

17

52

45



~ unid = ynidentified

APPENDIX C

Via Vib Vic

Fine fraction split {o: 172

Euryhapsis sp
Metriocnemus sp
Synorthocladius sp
Thienemanniella sp
Thienemannimyia sp
Family Deuterophiebiidae
Deuterophlebia sp
Family Empididae
Chelifera sp 1
Clinocera sp
Family Psychodidae
Pericoma sp
Family Simulidae
Gymnopais L
Prosimulium sp L 22
Prosimulium sp P
Simulium sp L 33
Simulium sp P 1
Family Tipulidae
Antocha sp
Dicranota sp
Hexatoma sp
Tipula sp

Order Colembola
Hypogastrura sp
Isotoma sp

QOrder Coleoptera Unid L
Coccinellidae L

Order Homoptera
Aphididae
Cicadellidae

Crder Hymenoptera A
Family Formicidae

Order Lepidoptera L
Order Thysanoptera A

Class Arachnida

Order Aranaea

Order Hydracarina
Hydracarina Unid Juv 2
Lebertia sp
Sperchon sp 2
Torrenticola sp 2
Unioncola sp 58
Wandesia sp
Cribatei

Class Crustacea

Sub Class Copepoda
Sub Order Cyclopoida

J = juvenile

L = larvae A = adult

Vba V5b Vsc

—k

BN -

M —

W

P = pupae

60
25

BENTHIC INVERTEBRATE DATA, VANGORDA CREEK, 1999

V27a V27b V27c

1
1
2
2
1
1 1
1
7
6 8 15
2
1
1 6
1 2
1 1
1
1
2 31
1
1
1 3 5 3
1
1
D = damaged

VBbh Vec

VBa



APPENDIX C

Fine fraction split to:

Sub Order Harpacticoida

Sub Class Ostracoda
Candona sp

PHYLUM ANNELIDA
Class Oligochaeta
Family Enchytraeidae

PHYLUM NEMATODA

Total per sample
Total per Site

Taxonomic Richness per sample
Taxonomic Richness per Site

' unid = unidentified  J = juvenile

BENTHIC INVERTEBRATE DATA, VANGORDA CREEK, 1999

Vta Vib Vie V8a V5b Vs5c V27a V27b V27c
112
2 2
2
1 5
2 1 1
897 49 79 605 182 527 168 274 619
1025 1284 1061
28 11 17 48 30 33 19 21 32
32 55 37

L=larvae A= adult P = pupae D = damaged

V8b VBc
7 2
1
365 3
1061
35 28
45

V8a

306

31



1999 Vangorda Platean Annual Environmental Report

APPENDIX 3

1999 Annual Inspection, Waste and Water Management Facilities,
Vangorda Mine, Yukon Territory
Report No. 1CD003.02

Steffen Robertson & Kirsten (Canada) Inc.
December 1999

Anvil Range Mining Corporation (Interim Receivership)



...........

1CD003.02

1999 ANNUAL INSPECTION
WASTE AND WATER MANAGEMENT FACILITIES
VANGORDA MINE
YUKON TERRITORIES

Prepared for:

DELOITTE AND TOUCHE
1 City Centre Dnive
Suite 1100
Mississauga, Ontario
L5B IM2

Prepared by:

STEFFEN ROBERTSON AND KIRSTEN (CANADA) INC.
Suite 800, 580 Homby Street
Vancouver, B.C.
Tel: (604) 681-4196 @ Fax: (604) 687-5532

E-mail: vancouver@srk.com Web site: www.srk.com

DECEMBER, 1999



1CD003.02

1999 ANNUAL INSPECTION
WASTE AND WATER MANAGEMENT FACILITIES
VANGORDA MINE
YUKON TERRITORIES
TABLE OF CONTENTS
. INITOAUCTION ..ot ee e s e e r e e s e ebe et e et b e e e e e emeeeeaeesemeeetaeensoeeeeseeesaeereeensens 1
2. Vangorda Waste ROCK PIE ..ottt et 2
2.1 ODBSEIVALIONS ..ot ittt ittt ieee et ettt e i et e e e te e e saeese st sae serenessaes et e sseeateeneeae s e eeeeeee e 2
2.1.1 Seepage COUECHON SYSIEIM ..eocviiiiiiiire ettt sttt et e ene e eraseae e e saesiens 2
2.2.1.1 Channel BEITI . ccocoo ittt ettt ettt e et e e ae e e e e es e centeneesresseneesesons 2
2.2.1.2 Transverse Drains and WEITS ..o eioieeiieieisiieeiieceteses e e e e eer e s ean e eeaeesnen e 2
2.2.1.3 Seepage Channel ... et 2
2.2.2 Starter Dyke and Till Cover ... 2
2.2.4 INSITUMETIATION . ..ottt it ceeeeet it tae e eeiie e e eaatr et eea e b et e eeeam s e e e snneeseee s sneeee e saneesanteeeenernnras 3
2.2.5 ROCK PIE (oot et et en e enaaas 3
2.3 ReCOMMIEIAALIONIS o oottt e e e e e et ee e e e e ee et aa semmemseseeeeesaserssnnereressranss 3
2.3.1 Seepage Collection Channel. ... 3
23,11 Channel BeITil..c.uoo ittt e e e e e 5
2.3.1.2 Transverse Drain and WeIrS . ..ottt 5
2.3.2 TiH Covers and Berms......cooo it e et enaeens 5
2.3.3 INSITUMENEALION. ..o oeiitiieet et ee e eeeeem bt ee s e e eeeeeseee e smeseeae ssman e ae e nnseeeensseaesnseeeas 5
234 ROCK DI oo 6
3. LItte Creek Dam oottt vrea e ee e v e s e e e s e st e e asn e e e aeenrneeeneeeeaans 6
3.1 ODSEIVALIONS «ooeeiiiieriiiereeeeree e s eeiieease s rmeaeesrreaeceessnrne e s tmaeessennsane s reneseeaass raseesarsnnesnanrenresnns 6
CIRCAN S ToT0 51111 7ot 1T 0 16 (o) 1 - SNN U e S UUU S UUPRTRUSRTRURTN 7
4. Vangorda Creek DIVETSION ..o e 8
B.1 ODSEIVALIOMS ..eeiieiieieiieisit s eettas et te st b e eatesaasbeeaaaeeeasaeeaaseesaas et e an s aessseeansbeassnnsaenbansenseeaessaann 8
A, RO I A OT1S 1. ot eee e eeeee et eeee et eeeee e e e eesmteveseseeseeeestbmsassaetaseenen snassasnnnsestessansnnsnrnns 8
5. Sludge Pond Embankment-Vangorda Water Treatment Plant ..o 9
5.1 ODSEIVALIOMS 1 vtieeeiie et ee e et e e et e e e ettt e e e et ee e e e e s kbt et e een e e e re kb te e e ent e e e e rans 9
5.2 Recommendations..................... et eeeeaateetessateresesteesissstssesreseesessassrssieteeteseseaiesinnneteeetenaaatnnreanes 9
6. Grum Setthing POnd ..o e 10
O O 1Ty V7 (4 1o 1 -3 SO P TR 10
0.2 Recommendations.........cccoecereenniienceninecnnnns U UURUTOU TP 10
4C0003.02_1959_Inspecton_Fiep.doc 122489 828 At mn SRK Consulting

December, 1999



1CD003.02 - 1998 Annual Inspection Waste and Water Management Facilities Vangorda Mine Yukon Territories Page ii

7. Grum Interceptor Ditch and Sheep Pad Settling Pond ... e —— 11
7.1 ODSEIVALIONS 1ottt s e e e as e ne e e e s re e e e s s e e s e e e e 11
7.2 RecommMEndalIONS. ..ooouiiiiiiieiii e e e e e 11

LIST OF TABLES
TABLE 1 Water Levels in Piezometers and Groundwater Wells - Vangorda Rock Pile.............. 4
LIST OF FIGURES

FIGURE 1  Location Map

FIGURE?2  Site Plan

FIGURE3  Section D-3 Channel STA 4+80

FIGURE 4  Section D-4 Channel STA 9400

FIGURE S5  Piezometric Levels - Vangorda Waste Dump
FIGUREG  Vangorda Waste Dump Toe Groundwater Levels
FIGURE7  General Arrangement Plan - Little Creek Dam
FIGURE §  Piezometric Levels Section BB Littie Creek Dam
FIGUREY9  Piezometric Levels Section DD Little Creek Dam

LIST OF APPENDICES

APPENDIX A Photographs
APPENDIX B Pneumatic Piezometer and Thermistor Readings - Little Creek Dam

1CD003.02. 1953 Inspection_Rep dog 1272439 8 29 AM mar SRK Consulting

December, 1998

St



1CD003.02

1999 ANNUAL INSPECTION
WASTE AND WATER MANAGEMENT FACILITIES
VANGORDA MINE
YUKON TERRITORIES

1. Introduction

At the request of Deloitte and Touche Inc. (DTI) Mr. Peter Healey of Steffen
Robertson and Kirsten (Canada) Inc. (SRK) completed an inspection of the waste and
water management facilities at Vangorda Plateau Mine on June 14 and 15, 1999. The
Vangorda mine 1s located 16 km south of the Faro Mine, Yukon Territory as shown on
Figure 1. The purpose of this inspection was to evaluate the geotechnical performance
and stability of the following structures:

® Vangorda Waste Rock Containment Facility (Photos 1 and 2) including the seepage

collection system ;
e Little Creek Dam;
® Vangorda Creek Diversion;
a e Sludge Pond Embankments at the Water Treatment Plant,
' e Grum Waste Rock Piles;
e The Grum Interceptor Ditch; and

e The Sheep Pad Sediment Ponds below the Overburden Stockpile.
A plan of the Vangorda Plateau area and the above components are shown in Figure 2.

This report presents our observations and comments on the performance and stability of
the structures and provides recommendations, where appropriate.

JCD003.02_1899_tnsgeciion_Rep,doc 122499 9.23 AM. mir SRK Consulting
Decernber, 1999



1CD003.02 - 1989 Annual Inspection Waste and Water Management Facilities Vangorda Mine Yukon Territories Page 2

2.

2.1

2.1.1

2.2.1.1

2.21.2

Vangorda Waste Rock Pile

Observations

Seepage Collection System
Channel Berm

At the outlet of the seepage channel and at the south abutment of the Little Creek
Dam, a small depression still exists which provides the opportunity for ponding of
water. The remaining sections of the dyke show no signs of settlement, cracking or
sloughing.

Transverse Drains and Weirs

During construction of the original till berm, six transverse drains were installed beneath
the berm to allow seepage to drain from the waste dump. These drains were connected
to the seepage collection channel during the 1994 upgrading.

During the inspection, small amounts of seepage were observed in Drains 3 (Photo 6),
5 (Photo 3) and 6 (Photo 5) only. Weir 6 remains silted up and the erosion gully in the
till starter dyke behind the drain continues to provide further opportunity for silt build
up behind the weir and instability of the dyke. Ice was observed in behind the drain at
the toe of the dyke (Photo 4).

2.2.1.3 Seepage Channel

No instability of the sideslopes of the seepage channel was observed. Seepage from
the transverse drains at Weir 3 is entering the channel and a measurable amount of

flow was observed in the lower reaches of the channel as shown on Photo 7.

2.2.2 Starter Dyke and Till Cover
The sideslopes of the till starter dyke remain susceptible to erosion. There is one area
that is particularly eroded (Photo 21). This area lies just below the 1994 resloping and
till cover placement. Runoff concentrates in-between the till cover and the resloped
rock causing erosion gullies and silt spill into the seepage channel at the toe of the
dyke. '

1C0003.02_1899_lnspection_Rep doc 127289 §.29 AM mur SBRK COHSU“]HQ

Deacember, 1999




1CD003.02 - 1999 Annual Inspection Waste and Water Management Facilities Vangorda Mine Yukon Territories Page 3

224

2.2.5

Adjacent to Werr 3, till was removed from the toe of the starter dyke in 1992 by the
mine to construct an adjacent sump. This remains a potential risk to the stability of the
dyke with the possible loss of the piezometers above (P94-01A and 01B). Erosion
gullies that have formed below P94-3A and 3B pose a threat to these piezometers also.

instrumentation

DTI has been taking water level readings from the nine piezometers and four of the
five groundwater wells around and within the facility. A summary of the water level
readings taken to date in both the piezometers and the groundwater wells is presented in
Table 1. Water levels, as recorded on October 12, 1999 in Piezometers P94-01 A, Q1B,
02A and 02B, are shown in Figures 3 and 4. A plot of the historical readings for these
piezometers is shown on Figure 5. The water levels in the piezometers continue to
remain generally static with minor fluctuations. Figure 6 presents a plot of the levels
in the groundwater wells around the dump.

Rock Pile

Tension cracks are still evident in places along the crest at the northeast end of the
dump. The cracks have not widened since SRK last inspected the rock pile in 1998.

1CD003.02_ 1953 tnspeckon_Fiep doc 1224995,.29 A i SRK Consultin g

December, 1999



TABLE 1: VANGORDA ROCK DUMP PIEZOMETERS - STATIC WATER LEVELS AND PIEZOMETRIC ELEVATIONS

Measured Static Waler Level (meters) readings in ied yundeilined or in fafics (begin in 1998) indicale thal no waler was idenlified (hole was dry or frozen)
readings post Sep/98 given as meires below top of plastic piezomeler pipe.
readings piior to Now98 could be melres below 1o top of piezo. pipe or steel casing.

Dale V34 V3h V36 V37 v3a VEE] V40 V41 Vaz V43 Vd4 V45 V46 V47
GW-94-011 GW-04-02| GW-94-03| GW-94-04( GW-94-05"| P-84-01A{ P-94-01B} P-D4-02A| P-94-02B| P-84-02C| P-94-03A| P-94-03B| P-94-04A| P-94-04B
3-May-94 8.28 14.33 11.28 14.33 11.56 12.37 6.05 10.57 6.12 13.08 14.10 4.80 12.17 B.99
21-Jun-44 7.45 B.65 9.15 8.65
30-Jun-95 7.79 562 8.02 6.11 8.02 13.81 9 80 11.35 8.99
13-Jul-85 7.80 5.59
30-Jul-95 7.86 5.48 7.99 6.12 8.81 13.68 9.80 11.83 8.99
26-Aug-95 6.89 8.47 9.05
31-Aug-95 7.36 793 4.85 7.97 6.06 8.66 13.62 12.60
17-0¢l-95 7.4 8.26 9.37 7.90 4.23 870 5,76 8.54 13.41 11.88
20-Nov-85 7.10 8.18 9.18
13-Mar-96 744 923 939
28-May-96 7.50 9.34 10.00 10.25 8.34 5.38 9.94 6.12 9.37 14.12 12.77
24-Sep-96 7.50 743 7.95 9.97 10.40 5.30 8.20 B.12 8.66 13.68 9.88 12 80 6.99
13-May-97 6.84 9.42 9.86 9.53 9.17 567 1.74 6.40 9.51 1278 995 1278 9.62
11-Jul-97 .80 5.80 7.92 6.12 8.97 14.10 9.80 9.97 9.00
11-Aug-87 6.75 838 8.41 8.81 1.99 9.59 5.25 a.10 6.25 8,77 12.84 996 12.62 9.21
14-Cet-97 6.76 8.58 9.158 8.99 9.51 496 7.99 6.23 8.94 12.96 9.96 12.73 9.21
23-Dec-97 6.70 9.05 9.53 9.13 9.25 4.78 7.68 6.07 8.95 12.70 9.81 12.66 9.02
31-May-98 6.72 8.60 9.73 9.59 1.86 9.52 525 8.05 524 9.20 1287 9.95 12.77 9.20
25-Jul-98 10.20 522 8.04 520 9.11 12 58 992 12.79 918
15-Sep-98 6.67 885 9.52 9.10 2.40 10.02 522 7.58 520 9.22 12.54 992 12.83 9 19
16-Nov-98 10.32 511 7.93 611 49.06 12.45 978 1270 58
31-Dec-98 670 9.08 9.9 9.23
18-Jun-89 6.68 9.24 10.24 10.18 9.96 509 8.35 811 9.48 12,48 977 1270 8 99
12-Cct-89 6.61 758 8.81 8.79 10.01 510 8.16 ° 573 8.82 12 49 978 271 8.97
*: deplh to bollem of hole GW-24-06 (V3B) checked as 14.7m on Sep 75198,
Top of Pipe E!avaiiong ! na;ll .
W34 VEL] Vb Va7 V36 V3o V4Q V41 V42 V43 Vd4 V45 V46 V47
GW-94-01] GW-94-021 GW-04-03| GW-94-04} GW-84-05 | P-94-01A| P-94-018: P-04-02A1 P-94-02B| P-94-02C| P-94-03A] P-94-03B| P-94-04A| P-94-04B
1117.445 { 1117.406 | 1118.431 | 1116.165 | 1101.673 | 1136.555 | 1136.493 ] 1138.41 | 113B.332 ] 1120.84 | 1134.373 | 1134.459 | 1134.609 | 1134.327

Eiezamg!ric Elgvation !masl}
Date V34 LYEL) V35 Va7 VED v3g V40 V41 V42 V43 V44 V4S5 V46 Va7 |

GW-94-01] GW-94-02| GW-94-03; GW-04-04| GW-04-05 | P-34-01A] P-84-01B1 P-94-02A| P-24.028| P-94-02C| P-94-03A| P-94-03B) P-04-044| P-94-04B
3-May-84] 1109.165 | 1103.075 | 1107.161 | 1101.835 | 1090.113 | 1124.185 11304431 127,84 | 1132212 | 1116.76 | 1120.273 | 1124.659{ 1122438 | 1126.337
21-Jun-84] 1109.995 ] 1108.755 | 1109.281 | 1106515

30-Jun-95 1128766 | 1130.8731 1130.39 { 1132222 | 1120.82 | 1120.463 | 1124.650{ 1123.250 | 1126.337
13-Jul-95 1128.755 | 1130.803
30-Jul-85 1128.695 | 1131.013 | 1130.42 | 1132212 | 1121.03 | 1120.693 | 1124.659 | 1122779 | 1125.337
26-Aug-95| 1110.585 | 1108.935 1107.115 |
31-Aug-85! 1110.085 1128.625 | 1131.643 | 1130.44 | 1132272 [ 1121.18 § 1120.753 1122.009
17-0c¢t-95] 1110.305 | 1108.145 1106.795 1128655 | 1132.263 | 1128.71 | 1132572 | 11213 | 1120963 1122.729
20-Nov-95| 1110.345 | 1109.225 1106.975
13-Mar-96| 1110.005 | 1108.175 1106.775
2B8-May-96| 1109.945 | 1108.065 | 1108.431 | 1105.915 1128.215 | 1131.113 | 112847 | 1132.212| 112047 | 1120.253 1121.839
24-Sep-96{ 1109.945 | 1109.975 | 1110.481 ] 1106 99% 1126.155 | 1131.183 | 113011 | 1132212} 1121.18 | 1120.693 | 1124.579 | $1121.809 | 1125,337
13-May-97| 1110.605 ] 1107.99 [ 1108476 | 1106.635 7.385( 1130823 [ 1130.67 | 1131.932 ] 1420.33 | 1121.593 | 1124.499 | 1121.829 | 1124.707
11-Jul-97 6,755 30,593 | 1130.49 | 1132.212 ] 1120.87 | 1120.273 24.659 | 1124.639 | 1125.327
11-Aug-97[ 1110.695 | 1109.025 | 1110.021 | 1107.355 | 1099.683 26.965 31.243 | 1130.31 | 1132082 | 1121.07 | 1121.533 24.499 1 1121.989( 1125 117
14-Oct-971 1110685 | 1108.825 | 1109.281 | 1107.175 1127.045 | 1131.533 | 1130.42 | 1132.1021 11209 121.413] 1124.499| 1121.879] 1125.117
23-Dec-97} 1110.745 | 1108.355 ) 1108.901 | 1107.035 1127.3051 1131.733 | 1130.73 | 1132.262 | 1120.85 | 1121.673 | 1124640 | 1121.949| 1125.307
31-May-98] 1110.725 | 1108.805 ! 1108.701 | 1106575 | 1099.813 | 1127.035; 1131.243 | 1130.36 | 1132.052 | 1120.64 | 1121 503 | 1124.509 | 1121.839 | 1125.127
25-Jul-98 1126.355 § 1131273 | 1130.37 | 1132.132 ] 1120.73 | 1121.793 ] 1124.539 | 1121.819| 1125 147
15-Sep-081 1110.775 | 1108.585 | 1$106.911 | 1107.065 | 1099.273 | {126,535 1137.273 | 1130.43 | 1132132 | 112062 ) 1121.833 | 1124.530 | 1121.779| 1125 137
16-Nov-88 11262351 1131383 | 113048 | 1132222 ] 112078 | 1121.923 ! 1124679 | 1121900 : 1125337
31-Dec-98{ 1110.745 | 1108.345 | 1108521 | 1106.9356
18-Jun-99| 1110.565 | 1108.165 { 1108.191 | 1105985 1126595 1731.403 | 1130.06 | 1132.222 | 1120.36 | 1721.893] 71124 689 | 1121.909 | 1125337
12-0ct-99| 1110.835 } 1108825 { 1109.621 | 1107.375 1126545 7131.393 | 1130.26 | 11326021 1121.02 | 1121.8831 1124.6791 1121.899 | 1125.257

VGPIFZOS xIs
gy e
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2.3

2.3.1

2.3.1.1

Recommendations

Seepage Collection Channel

Channel Berm

SRK recommends that DTI backfill the depression at the south abutment of Little
Creek Dam with locally available till and compact with several passes of a dozer.
Monthly monitoring of the area should be conducted for any signs of further

settlement.

2.3.1,2 Transverse Drain and Weirs
To minimise the erosion and silt build-up in Weir 6, DTI should divert the runoff from
the road above, away from the weir. DTI should also remove the silt in the area
behind the weir and remove the loose material from the face of the drain to expose the
granular filter material in the underdrain. SRK understands that some of this work
was carried out in the fall of 1999.

2.3.2 Till Covers and Berms
In the upper reaches of the seepage collection channel below the till cover, DTI should
remove any silt that has accumulated in the channel. When the next phase of till cover
is placed, this area would be recontoured and the sediment problem would be reduced.
In the meantime, DTI should continue to monitor the silt build-up and periodically
remove the material.
DTI should also place backfill up against the toe of the starter dyke adjacent to Weir 3,
where material has been removed.

2.3.3 Instrumentation
Water level readings should continue to be taken from both the groundwater wells and
the standpipe piezometers in the till berm around the rock pile. These readings should
be taken at least semi-annually with close attention given to the water levels in P94-01A
and B, and P94-02A, 02B and 02C.
Water quality samples should continue to be taken from the groundwater wells around
the Vangorda Waste dump.

1CB0XL02_1953_Inspecton_Rep doc 12/2499 §:29 AW max SRK Cons ulting

December, 1999
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2.3.4 Rock pile

3.1

DTI should continue to regularly monitor the cracks observed on the surface of the rock
fill. Any widening of these cracks should be reported.

Little Creek Dam

Observations

A view of the dam and the new emergency spillway are shown on Photos (8 and 9).
Runoff from the eastern approach road (Photo 11) continues to cause erosion of the
road embankment sidesiopes. Two erosion gullies (photo 13), which are in places 1m
deep, are located on the upstream face of the approach road. Runoff from the road
flows through the two gullies and over the sideslopes. These gullies pose no
immediate threat to the stability of the dam itself but if allowed to go unchecked could
result in loss of a section of the road.

Water level in the pond during our inspection was recorded at about 1110.5m (Photo
10). The mine periodically pumps water from the pond to Vangorda Pit. However, at
the time of our inspection no water was being pumped from the pond. Small erosion
gullies were observed along the upstream face (Photo 12) of the dam resulting from
runoff from the crest. No cracks or major settlement of the dam were observed and
there was no noticeable seepage along the toe.

The downstream face of the dam (Photo 14) shows little evidence of surficial
movement, bulging or instability. The loose, uncompacted material at the toe of the
dam, which was deposited during it's construction in 1991, has not moved but does
shows signs of erosion.

The new spillway culvert in Little Creek dam (photos 15 and 16) was also inspected
during the site visit. It was noted that the upstream entrance to the culvert (photo 15}
required more riprap around the pipe. Following the site visit, DTI added more riprap
around the inlet of the pipe as shown in photo 16.

The outlet end of the culvert (Photo 17 and 18) was constructed in such a way that in
the event of a discharge, the projected path of the flow would impact the riprapped
side of the plunge pool rather than the pool itself. Although the riprap is considerably

1C0003.02. 1939 _Inspacrion_Rep doc 12/24/93 .29 Ak mn SRK COHSUREHQ

December, 1959
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3.2

larger where the discharge would impact than the riprap on the remaining sides of the
pool, SRK has recommended that a flume be added to the end of the pipe to convey
any flow directly to the pool area. This work was carried out in September 1999 as
shown on Photos 19 and 20.

The riprap in the plunge pool and the upper reaches of the exit chute meets design
criteria. However, more work is required in the jower reaches of the exit chute to
provide adequate channel depth, freeboard and erosion protection for the 200-year
flood event. SRK understand that this work was also carried out in September ,1999.

In 1994, six pneumatic piezometers and three thermistors were installed along the crest
of the Little Creek dam. The six piezometers are located at three separate locations;
two piezometers, one deep and one shallow, at each location. The location of the
piczometers and thermistors are shown on Figure 7 and the most recent 1999
piezometric levels are shown in section on Figures § and 9. Actual readings are

presented in Appendix B.

During the inspection, no seepage was observed at along the toe of the downstream

dam.

Recommendations

The mine should continue to regularly monitor the crest of the dam for any cracks,
settlement or surficial movement of the slope.

The piezometric levels are consistent with the water levels recorded in the impoundment
and are in accordance with the design safety factors associated with the stability of the

dam. The thermistor readings are also consistent.

SRK recommends that the pneumatic piezometers and thermistors are monitored on a
semi-annual basis and the resulls compiled and forwarded 1o SRK.

It is recommended that the runoff from the approach road be directed into a CMP
culvert constructed in the road, which would feed into a half-round culvert section
installed down the upstream fare of the approach road. Furthermore, the road surface
should be regraded to encourage drainage off the crest and a 150mm layer of 20mm
minus sand and gravel should be placed and compacted on the crest.

1CDO0302_ 1959 inspestion_Fep doc 1202499 9 29 AM mrr SRK COﬂSUiliﬂg

December, 1999
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4.

4.1

4.2

Vangorda Creek Diversion

Observations

The potential still remains for slide debris to enter the flume at certain locations along
the channel. SRK understands that a slide occurred in June, 1999, which damaged
several sections of the flume, forcing flow to discharge into the overflow section of the
channel. DTI removed the slide debris and damaged sections and reconstructed the
flume section.

The half-round culvert in the upper reaches has performed well but the flume does not
weather well along the lower reaches. The crossbars are badly bent and the flume is
buckled in places. In several areas along the flume, riprap has settled to below the lip
of the culvert (Photo 23).

Riprap around the entrance to the culvert at the headwork’s of the Vangorda diversion
has dropped away exposing the underlying geotextile (Photo 22). This situation is not
new and has been noted on previous inspections. Furthermore, riprap has begun to
collect in the channel and around the trash rack at the inlet to the CMP narrowing the
entrance. The pipe itself appears to be sound.

There are no signs of instability or settlement of the headwork’s dam.

The plunge pool (photo 24 and 25) at the outlet of the flume has lost some of the
original riprap that had been placed on the sideslopes of the basin. Furthermore,
where an area of the pool was excavated to allow water trucks to be filled, the water is
slowly undermining the bank. The issue of the capacity of the system to accommodate
peak flows with the addition of flow from Sheep Pad Settling pond, remains a
concern.

Recommendations

DTI should place additional riprap over exposed geotextile at the headworks and
continue to monitor the sideslopes above the flume for sloughing. SRK also
recommends that a more complete evaluation of the stability of the rock face above
the flume be carried out.

We also recommend that a hydrological evaluation be carried out of the Plunge pool.

1C0G6.02_1999_Inspechion_Hep.doc 1272495 9:28 A mor SHK COﬂSUIEIng

Decern_ber, 1999
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5.1

2.2

The riprap along flume where the material has settled below the rim of the culvert
sections should be topped up and additional riprap should be placed in the excavated
pool at the southeast corner of the plunge pool. Additional riprap should also be
placed on the sideslopes around the perimeter of the pool. Where fresh soil is exposed
non-woven geotextile filter fabric should be placed prior to laying down the rock.

Sludge Pond Embankment-Vangorda Water
Treatment Plant

Observations

At the time of our inspection, the water level in the sludge pond was about 6 m below
the crest of the dyke and the outlet pipe at the south end of the pond was exposed
(Photo 26). At the north end of the pond, dry sludge has covered over the inlet pipe to
the pond. The tension cracks along the inside face of the pond and along the crest of
the dyke have narrowed since the last inspection. Although there is still evidence of
previous settlement and minor sloughing of the downstream slope in the southwest
corner of the pond, there are no signs of recent movement. Vegetation on the
downstream slope is providing some stability to the face.

During the inspection no water treatment was in progress.

Recommendations

The following actions should be taken at the Water Treatment Plant:

* Ensure that the pond level does not exceed 2m. below crest;

o Continue to monitor on a monthly basis, the crest and sideslopes for cracking or
any signs of sloughing. With the pond level at an all time low, the risk of any
instability is quite small.

Fill in or blade over tension cracks both in the crest and along the upstream face to

prevent entry from runoff and precipitation.

Weekly inspection of the upstream face and the crest for further development of the
cracks is recommended.

1CD003 02..1959,_Inspechon_Rep doc 1724459 8,29 AW mrr SRK COﬂSUH%I’]g

December, 1989
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6. Grum Settling Pond

6.1 Observations

At the time of our inspection the water level in the pond was about 3m below the crest
of the dyke (Photo 27) and the downstream sideslopes showed no signs of any recent
movement. No significant cracks were observed in the crest.

There was no seepage noted along the toe of the dyke.

The pipe arrangement in the northwest corner of the pond is disorganised.

6.2 Recommendations

The crest of the embankment should be monitored monthly for cracks and the pond
level should not exceed 1.0 m below crest. Seepage into and out of the pond should
also be monitored.

Runoff control using berms or diversion ditches should also be adopted to reduce
erosion of the slopes.

Regular monitoring along the toe of the embankment for seepage is recommended.

The need for the pond should be reviewed and the piping arrangement in the northwest
corner should be evaluated.

1C0003 02_1999_{nepachon_Rep doc 127243 9. 23 AM mit SRK COﬂSUmng

December, 1999
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1.

7.1

7.2

Grum Interceptor Ditch and Sheep Pad
Settling Pond

Observations

In the upper reaches of the GID, the slopes have performed well and the vegetation is
providing effective erosion control of the sideslopes (Photo 28). Inlets and outlets of
some of the culverts are silted up and require cleaning. Below the treatment plant,
however, there are sections of the ditch where the grade steepens and the sideslopes
have subsided narrowing the channel (photo 29 and 30). This subsidence results in an
increase in the sediment Joad reporting to the Sheep Pad ponds. No riprap has been
placed on the sideslopes in this area. During the inspection it was noted that the
culvert that conveys flow from the GID into the sediment ponds has been damaged
and the road fill above the culvert is badly eroded. However, in September 1999 DTI
removed the road and the culvert (Photo 30).

The channel below the sediment pond and the energy dissipators along the channel are
functioning satisfactorily.

At the bottom of the outlet channel from the ponds there are two sediment collection
ponds, which intercept suspended matter prior to discharge into the Vangorda plunge
pool. The upper pond is full of sediment and the lower pond is about half full.

Recommendations

The following actions are recommended:

e Place riprap (shotrock) around inlets and outlets of all culverts where applicable to
prevent erosion and sediment build-up. Geotextile should be placed against the
exposed soil prior to placing the riprap;

« Monitor for tension cracks in the settling pond dykes, on the crest and on the
upstream and downstream slopes;

s Monitor for seeps that develop along the toe of the dykes;

e Clean out the fine material in the two small sediment ponds at the base of the

channel.

1CD0E3 02_1699_nspecion_Rep.doc 12249 9.29 A e SBEK Consulting

December, 1999
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This Report, 1CD003.02 - 1999 Annual Inspection Waste and Water Management

Facilities Vangorda Mine, Yukon Territories has been prepared by:

STEFFEN ROBERTSON AND KIRSTEN (CANADA) INC.

Peter Healey, P.Eng.
Associate Principal
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Photos
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Pl{zto 1: A view veriooking the Vorda Waste ump and the Sepge
Collection Ditch
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Photo 2: View of the Till Stockpile and Pelley Pond.
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Photo 10: Ponded Water Behind Little Creek Dam
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FRCR L R M NG L, G
’ 11: Approach Road to Little Creek Dam after Pipeline Return to
Treatment Plant on side of Road
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Photo 23: Vangoda Creck Diversion
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Photo 25: Erosion of the Sideslopes at the Stilling Basin below the Vangorda
Creek Diversion

. Photo 26: Sludge Pond at the Treatment Plant
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APPENDIX B

Pneumatic Piezometer and
Thermistor Readings - Little Creek Dam



Little Creek Dam Pneumatic Piezometers

BH94 LCDA1 Location: Little Creek Dam Crest Ground Coordinates: 3000N, 13460E
Elevation: 1114.5m

Date Shallow Tip Elevation: 11036 Surface
Installed: June'94 Deep Tip Elevation : 1087.0 Protector:  yes
Date Reading (psi) Piezometric Elevation (m) Pond
Shallow Deep Shallow Deep Level
May-94 29 121 1105.63 110547
Sep-94 2.0 11.6 1108.00 1105.12
Sep-95 2.5 11.0 1105.35 110470
Sep-96 31 121 1105.77  1105.47
May-97 2.3 114 1105.21  1104.98
Qct-97 3.02 12.38 1106.71  1105.685
7y May-98 279 12,46 110555 1105.72
S Sep-98 2.85 11.33 1105.60 1104.93 ~1109.5
May-99 1.85 10.95 1104.90 1104.67
Sep-99 1.71 9.70 1104.80 1103.79 ~1105

PNEUMATIC PIEZOMETER BHS4 LCD1

11060 e e e e = - . . e e - ¢ e g o e v oo
1105.8
: 1105.6 -
1105.4
1105.2
1108.0
1104.8
1104.6
1104.4
1104.2
| 11040 s e n s n o s s = fira win s e n ssmmrmans o e - e o o e om— \

1103.8 S S — . L

14038 4o RS OO S R S
Jan-94 Jan-85 Jan-96 Jan-97 Jan-28 Jan-99 Jan-00

. ‘ DATE

ELEVATION (m)

: «—p- Shallow -—8- Deep |

LCDPIEZ.Xs LDCA



Little Creek Dam Pneumatic Piezometers

BH94 LCD2 Location: Little Creek Dam Crest Ground Coordinates: 3065N,13485E
Elevation: 1114.5m
Date Shallow Tip Elevation: 11005 Surface
Installed: Jjune '94 Deep Tip Elevation 1094.9 Protector:  yes
Date - Reading {psi) Piezometric Elevation (m) Pond
Shallow Deep Shallow Deep Level
May-94 0.4 6.4 © o 1100.78 1099.38
Sep-94 0.2 8.3 1100.64 1069.31
Sep-85 0.0 8.0 1100.50 1029.10
Sep-98 0.95 7.0 1401.17 10565.80
May-87 0.8 7.2 1101.06 1069.94
Oct-97 1.00 7.34 1101.20 1160.04
May-98 1.25 7.78 1101.38 1100.35
Sep-88 {.98 7.00 1101.18 1095.80 ~1109.5
May-89 1.40 7.05 1101.27 1089.84
Sep-58 0.91 6.00 1101.14 1069.10 ~1105
PNEUMATIC PIEZOMETER BH%4 LCD2

1101.5

1101.0 5
"E" 11005
z
1=
= 1100.0
-
-
-
w 10995

1099.0

1098.5 ;

Jan-04 Jan-95 Jan-96 Jan-97 Jan-98 Jan-99 Jan-00
DATE

LCDPIEZ.xls LCD2

& Shallow —@— Decp




Liftle Creek Dam Prneumatic Piezometers

BH94 LCD3 Location: Little Creek Dam Crest Ground Coordinates: 3115N, 13525E
Elevation: 1114.5m
Date Shallow Tip Elevation: 1105.5 Surface
installed: June '94 Deep Tip Elevation : 1101.2  Protector:  yes
Date Reading (psi) Piezometric Elevation (m)
Shallow Deep Shallow Deep
May-94 0.8 4.3 1106.06 1104.21
Sep-94 0.2 37 1105.64 1103.79
Sep-85 0.0 3.5 1105.50 1103.65
Sep-96 0.15 4.0 1105.61 1104.00
May-97 02 3.8 1105.64 1103.86
Oct-97 0.14 4,54 1105.60 1104.38
May-98 0.54 4.58 1105.88 1104.41
Sep-98 0.17 3.62 1105.62 1103.73
May-99 0.40 3.50 1105.78 1103.65
Sep-99 0.30 2.42 1165.71 1102.89
PNEUMATIC PIEZOMETER BH94 L.CD3
1106.5
1106.0
1105.5 e e
E 11050
rd
e
= 11045
<
-
511040
L
1103.5
1103.0
1102.5
Jan-94 Jan-95 Jan-96 Jan-97 Jan-98 Jan-99 Jan-00
DATE

LCDPIEZ xIs LCD3

—&— Shatlow —&— Deep




Little Creek Dam Thermistors

”T?HS4 LCD-4 Location: Little Creek Dam Crest Elevation: 1114.5m Coordinates 3015N, 13465E
Date Thermistor SINCA [ce-Bath Surface
Instalied: 8-Jun-94 Type: RTD's Calibration: not applied  Protector: yes
Depth
Correctio
n 0 Ro (Ohms)= 1854
Depth on Actual Resistivity  Resistivity  Resisfivity  Resistivity  Resistivity = Resistivity  Resistivity  Resistivity  Resistivity  Resistivity
String  Depth  (Ohms) (Ohms) (Ohms) {Chms)} {Ohms) {Ohms} (Ohms) (Chms) {Ohms) {Ohms)
{m) {m)  15-Jun-84  16-Sep-94 22-Sep-95 25-Sep-96  8-May-97 17-0ct-97  28-May-88  17-Sep-88  4-Jun-93 12-Sep-99
1.0 -1.0 1893 1908 1909 1896 1847 1872 1872 909 1867 1914
1.5 -1.5 1868 1913 18905 1898 1845 1881 1854 1911 1853 1913
2.0 -2.0 1852 1811 1900 1894 1840 1884 1849 1508 1848 1906
25 -2.5 1851 1909 1898 1892 1841 1888 1850 1908 1848 1802
14.5 -14.5 1873 1871 1872 1874 1874 1873 1873 1872 1874 1873
15.0 -15.0 1872 1870 1871 1872 1872 1871 1871 1871 1873 1872
15.5 -15.5 1874 1873 1875 1876 1876 1875 1875 1875 1877 1876
16.0 «168.0 1870 1868 1870 1871 1871 1870 1870 1870 1874 1871
6.5 -16.5 1870 1869 1869 1871 1871 1871 1870 1871 1872 1871
17.0  -17.0 1870 1870 1871 1872 1872 1872 1872 1871 1873 1872
Depth on Actual Temperature Temperature Temperature Temperature Temperature Temperalure Temperature Temperature Temperature Temperature
String  Depth (C} (C} ©) (©) () (€ (C} {C) © ©)
(m) (m} 15-Jun-94  16-Sep-84 22-Sep-95 25-Sep-86  8-May-97 17-0ct-97  28-May-98  17-Sep-98 4-Jun-98 12-Sep-99
4.0 -1.0 5.4 7.5 7.7 3.9 -1.0 2.5 25 1.7 1.8 8.3
1.5 -1.5 2.1 8.2 . 7.2 6.1 -1.3 3.8 0.0 7.9 -0.1 8.2
290 2.0 -0.3 7.9 = 6.4 56 -2.0 4.2 0.7 7.5 -0.8 7.2
25 -2.5 -0.4 7.7 ' 6.1 53 -1.8 4.7 -0.6 7.2 -0.8 8.7
14.5 -14.5 2.7 2.4 2.5 2.8 2.8 27 27 2.5 2.8 2.7
15.0 -15.0 2,5 22 24 25 2.5 24 24 2.4 27 2.5
15.5 -15.5 2.8 27 2.9 a1 3.1 29 2.8 2.9 3.2 341
16,0 -16.0 2.2 2.0 2.2 2.4 2.4 2.2 22 2.2 2.4 2.4
16.5 «16.5 2.2 2.1 2.1 2.4 2.4 24 2.2 2.4 2.5 2.4
17.0 -17.0 2.2 2.2 2.4 25 2.5 2.5 2.5 2.4 2.7 2.5
THERMISTOR BH%4 LCD-4
{installed 94/06/08)
0.0 |
© - Ok-0 J U B § oi y 8]
.0 BA T T e g e ___e‘sz\g
Q- .y T o o 8~ laa A
40 e} : f,u: _ o ® e pA A
‘\ S \\\ ’/
Ay N N * \ ;’
“ v ‘\\ .
6.0 N "o .
~ AY \ N 4
AN A ‘ ~ & - -15-Jun-94
AN i el 16-Sp-84
z oo - -® - -22-3ep-95
E N \ —@—- 25-Sep-96
Z 90, AT 1Y - -Q - -8-May-97
£ o R —o— 17-0ct-97
3 NN ~ -4 - -28-May-98
a A —&— 17-Sep-98
NN - -@ - - 4-Jun-99
A —E— 12-Sep-99
AN
-12.0 e
\i\ /
i v
ARER
-15.0 :.ﬂ\g\_
A
]m
-18.0 : i - : : - >
3.0 2.0 -1.0 0.0 1.0 2.0 3.0 4.0 50 8.0 7.0 8.0 9.0
Temperature (Deg. C)

LCDTHERM.xIs BH94LCD-4




Little Creek Dam Thermistors

BHS94 |.CD-5 Location: Little Creek Dam Crest  Elevation: 11145m  Coordinate 3090N, 13500E

Date Thermistor SINCA ice-Bath Surface
Instalied:  8-Jun-94 Type: RTD's Calibration: notapplied Protector; yes
- Depth
Corroctio
n 0 Ro (Ohms)= 1854

- Depthon Actual Resistivity Resistivity Resistivity Resistivity Resistivily Roesistivity Resistivity Resistivity Resistivity Reslstivity
: String Depth  (Chms) (Chms) (Ohms) (Ohms) (Chms) {Ohms) (Ohms) (Ohms) {Chms) {Chms)
{m} {m) _15-Jun-94 16-Sep-94 22-Sep-95 25-Sep-96 _ 8-May-97  17-Oct-97 28-May-88 17-Sep-98  4-Jun-89  {2-Sep-99

10 10 1903 1808 1506 1887 1847 1863 1882 1900 1873 1907
. 15 -5 1880 1809 1902 1890 1843 1873 1854 1904 1854 1806
s 2.0 2.0 1864 1910 1899 1890 1842 1879 1851 1803 1851 1503
25 25 1855 1807 1896 1888 1842 1882 1851 1900 1850 1897
145 145 1879 1872 1811 1873 1872 1872 1874 1870 1872 1871
150 -15.0 1879 1873 1873 1876 1874 1874 1873 1872 1874 1873
155 -1585 1880 1875 1874 1876 1875 1875 1874 1873 1874 1374
160 160 1878 1876 1877 1879 1877 1877 1876 1875 1877 1876
165 -165 1868 1868 1868 1870 1869 1859 1867 1867 1868 1868
170 170 1873 1873 1874 1876 1874 1874 1873 1872 1873 1873

i|Depth on Actual Temperature Temperature Temperature Temperature Temperature Temperature Temperature Temparature Temperature Temparature

Sting  Depth ©) ©) © < © © < () C <
B {m) (m)  15Jun-94 16-Sep-94 22-S6p-95 25-Sop-86  8-May-07  17-0c¢t-97 28-May88 17-Sep-98  4-lun-99  12-Sep-99
' 10 10 6.8 75 72 46 -1.0 1.3 39 54 27 74
15 -15 36 7.7 6.7 5.0 A5 27 0.0 70 0.0 72
2.0 2.0 1.4 78 83 50 -17 35 0.4 68 -0.4 6.8
25 25 a.1 74 59 4.7 1.7 39 0.4 6.4 -0.6 8.0
145 145 3.5 25 2.4 27 25 25 24 22 25 2.4
150 -150 35 27 27 3.1 28 28 27 25 28 2.7
155 -168 36 29 28 3.1 29 29 28 27 28 28
160 -160 34 341 32 35 3.2 3.2 31 29 32 3.1
165 -165 20 20 20 22 2.3 2.1 18 1.8 20 20
170 -170 27 2.7 2.8 341 28 28 27 25 27 2.7
THERMISTOR BHS4 LCD-5
(installed 94/06/08)
- 00
......... lo]
. o
o]
Q
-3.0 e
T [~ T 7 VvV 2y T T 11— & - 15-Jun-94
—&— 16-8ep-94
| 0 i~~~ A/ /27 V0 0 || - 22-8ep-95
= —8—25-5ep-96
= B o S B S I S S - S A Ea Ra— E— N [P O 8-May-97
a —O— 17-0ct-87
...... A----- 28-May-98
—#&— 17-Sep-98
20— e b | B 4-Jun-g9
~——B— 12-5¢p-99
150
-18.0 :
2.0 -1.0 0.0 10 20 30 40 50 6.0 7.0 8.0
Temperature {Deg. C)

LCOTHERMXls BH94LCD-5




1999 Vangorda Plateau Annual Environmental Report

APPENDIX 4

1999 Technical Advisory Committee Meeting

Agendas, Attendees, Minutes

Anvil Range Mining Corporation (Interim Receivership)



DELOITTE & TOUCHE INC' Postal Bag 1000, Faro, Yukon YOB 1K0

Interim Receiver for Phone (867) 994-2459

ANVIL RANGE Mining Corporation Facsimile (867) 994-3483
FAX MESSAGE TO: distribution attached 2 pages total
DATE: June 02, 1999
FROM: Eric Denholm

ph/fax: (867) 994-3057
RE: Technical Advisory Committee Meeting
N MESSAGE: A T.A.C. Meeting has been scheduled for June 29 in Faro.

Please let me know if you will be attending.

Accommodations in Faro are very limited. Hoang’s (previously
Redmond’s) at 994-2430 is the only hotel. Some bed & breakfasts
may be available and Johnson Lake campground is also available.
Rubber boots are recommended.

~

RETURN FAX TO: Eric Denholm, 994-3057 (Faro)

FROM.:

MESSAGE: I will attend: .
1 will not attend:

Additional items for the agenda or comments:




DELOITTE & TOUCHEINC Postal Bag 1000, Faro, Yukon Y0B 1K0

Interim Receiver for

Phone (867) 994-2459

ANVIL RANGE Mining Corporation Facsimile (867) 994-3483

TECHNICAL ADVISORY COMMITTEE MEETING

(PRELIMINARY CIRCULAR)
DATE: Tuesday June 29, 1999; 8:00 am to 5:00 pm
LOCATION: Faro guest house, 248 Dawson (large house, lower bench)
PROPOSED AGENDA:
1. BRIEF OVERVIEW OF: SITE MANAGEMENT
1998 ENVIRONMENTAL WORK
1999 ENV. WORK / ISSUES
2. SITE TOUR: FARO MAIN /ZONE H PITS
MILL / LIME MIXING
DOWN VALLEY / TAILINGS
VANGORDA PLATEAU
3. WRAP UP MEETING:
DISTRIBUTION: Deloitte & Touche: Wes Treleaven (416) 601-6390

Deloitte & Touche: Doug Sedgwick (905) 803-5101
Deloitte and Touche: Greg Stevens (403) 263-2390
Deloitte & Touche: Dana Haggar, Faro

Dept. of Fisheries and Oceans: Brian Ferguson 393-6738
DIAND, Environment: Ian Church 667-3216

DIAND, Land Use: Marion DeJean 667-3193

DIAND, Mineral Resources: Allen Waroway 667-3193
DIAND, Mining Development: Hugh Copeland 667-3193
DIAND, Water Resources: Dave Sherstone 667-3195
Environment Canada: Vic Enns, Eric Soprovitch 667 =77
Ross River Dena Council: Chief Jim Smith 969-2405 =
Selkirk First Nation: Don Trudeau 537-3902

Town of Faro, Jim McLaughlin, Faro

Yukon Conservation Society: Bob Van Dijken 668-6637
YTG, Economic Development: Rod Hill 667-8601

YTG, Renewable Resources: Jon Bowen 667-3641

p—



/7 e /A7 C ) LV

ﬁ') i &/ m R A/
Mt 7/@@5 o
DAVID  SHEXRSTINE

70r Porce

C%Mc/g #ué’/(f

T o
o0 £r. T

On o Af *
IR KRK SRS AT 700

T owr\/ of Farp

. Dewv
ﬁ/é’/x/& S e /f

- Drwp /’%mn fard by, v gcmmxm)\;
.ot

"';"7:1/—4-4

_PIMND ~ whTER, RESOURCES

L PIAND T g TR AESOURGSS

- Ren s, YT,



\.\a"
hY

Project Locotion

oF
A, &
\ 2 Roet F 3%
- 5d
= . F
= S, C:r:c-nlmtor ;‘Piy.
FaroPit
DX
AT Yongorda Plaleou Haul Road
Faro Tedings Dame C‘v’l fast fork Vangorda Croak
[«
N\ R M.
"'_ Grum_ B gl
1 N % angorde Pi
- . - -
GrizzlyDeposit Cub Lota
Swim Deposit
A ). Swim 7
£ Hoowo Lloks
Swim Loke Basin
WHITEHORSE 41o)
t B‘ERT w‘ﬂ CT"’K
——360 KM Moo
0 4 10 20km
i i e L, o - Q
1_ -

FARO OPERATIONS
REGIONAL PLAN

"UPDATED: OCTOBER 1995

MIRING CORPORATION

-£
Bnvil ﬁa

‘gﬁ"‘-\

ge




561 H3BHW31d3S
‘031YGdN

SNOILYI0T ONIMOLINOW 3NILNCH
NVId 311S Ouvd

INIMOHS

reIrFiar] e

ebupy [IALY

&)

IO PUOK JFNA pUROIY
Q)0 JIDE, 220005
Apog rajomn

{ »0udin) 2] Foding
jratspunodusy £hinpoy
sdwn(l sis08

LGEVN]

Vet wadip

dnpadig

spooy

puabai

y g e Pt

!

HYNIE

MWy GA]
SO ON0235

RAHO #30Y HINOHHI - wd)

\\ -;\\W\\\%ﬁ?

INIAWRYIH]
SO tcPa0

i

[IETU NN ()

T3
. z

& 7 o
NG 5




(drysiantaaay wiaaif) uonpiodio) Suugy FONVY TIANY

NET TYP. +4,100

Faro Ck  Pracipitatiory Groundwaler \
Surface Dfmmb"[ Evaporation  Inflow/Outfiow
AN

Run Off
Rock Dump
Bespage

Exvess/Discharge Water
MILL OP, 90% rec.: -13,300 {4.85 mil m3/y1)
MILL OP. 75% rec.: -17,425 (6.36 mil m3/r)
MILL OP. 0% rec.. 38,050 (13.88 mil m3/yr)
MILL NOT OP.: -4,200 (1.53 mil m3/ym)

Tallings Slurry

WATER: TYR. +27,500

%: -24,7
S0%: 24,750 SOLIDS: TYP. 46,300

75%: -20,625

FARO MAIN PIT CONTINGENCY DISCHARGE PLAN
FIGURE 1.4

ANVIL RANGE MINING CORPORATION
{INTERIM RECEIVERSHIP}

MAIN PIT TYPICAL ANNUAL WATER BALANCE

all units m3/day except where noted July 1998

62304 NVTd ADNIONIINOD TOUVHOSIA Lid NIV O¥V A



Elev. in ft mine datum

3870 :

3865 fon Contingency Maximunr
Waterj Level

3860 %‘ Y Target-Maximun
Water fevel \.

3835

3850

3845

DR-Feb-97 rrmm—,

22-Mar97
03-May-97
L4-Jn-97
26-ul-97
06-5ep-9%
{R-0)ct-97
19-Nov-97
10-Jan-98
2[-Feb-9R
Dd-Apr-98
16-May-98
27-Jun9%
QB-Ang-98
19-82p-98
31.0ct:98
12-Dec-98
23-Jan-99
05-Mar-99
17-Apr-99
20-May-99
[0-Jal-99
i-Aug-99
02:0ct-99
E3-Nov-99
25-Dec-99
03-Feb-00
18-Mar-00
9-Apr-0¢

— G Actual : UTM = Mine datum - 109.6 ft
Overflow 1o Zone II pit @ ~3909.6 ft mine datum

KIART VM Projection begun Feb22/99

Printed: 27/06/99




FARQ MAIN PIT DISCHARGE CONTINGENCY PLAN _ Page ||

4.
13. -
Intermediate
3.
Pond
E
. . s
Second . .
Impoundment Control 10

4 1. il Rock

% Rock Dugip Ssaepage Dump . J

FARO MAIN PIT DISCHARGE

Conveyénce System CONTINGENCY PLAN

8. efflusnt mixing / aeration box

10. 20" treated efflusnt pipsiine FIGURE 1.3 s
11. rock dump sespage flow .
{liconce monitoring location X23) Scematic Overview of the

12. treated effuent ditch Systems for Conveyance,

{pH control location) :
13. Infarmediate (setffement) pond Treag;] eExmcg;:j \zgfa?arge

1. recycle pumps (3) / barge
1a. electrical switch house

2. 30" recycls pipsiine

3. 20" effluent pipelfine

4. 10" effluent bypass link

5. mill water tank overflow

Treatment System

Discharge System
14. Intermediate pond outfiow

ANVIL RANGE Mining Corporation

6. lime silo / mixing tank
ime sifo / mixing an (interim Receivership)

6a. lime mixing water supply line
7. lime slurry stock tanks (2)
8. lime sluny distribution line
8a. tailings pumpbox

(icence monitoring location X4)
15. Cross Vallsy (Polishing) pond

16. Cross Valloy pond outfiow
({ficence monitoring location X5}

July 1998

ANVIL RANGE Mining Corporation {Interim Receivership}

-
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1999 Vangorda Plateau Annual Environmenial Report

APPENDIX 3

Report on 1999 Maintenance Work at the Vangorda Creek Diversion Flume
with Recommendations for Future Preventative Maintenance Work

Anvil Range Mining Corp. (Interim Receivership), October 1999
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- h Postal Bag 1000, Faro, Yukon YOB 1K0
A..'.‘.Hnlu “Rma“l‘lg Phone (867) 994-2459

REPORT ON 1999 MAINTENANCE WORK AT THE VANGORDA CREEK
DIVERSION FLUME WITH RECOMMENDATIONS FOR FUTURE
PREVENTATIVE MAINTENANCE WORK

Prepared October 1999

PURPOSE

The purposes of this report are:

1. to document the remedial work performed in June and September1999 at the Vangorda
Creek diversion flume which was performed in response to a failure of the rock wall
overlooking the flume, and

2. to present recommendations and conceptual costs for future preventative maintenance
work at the Vangorda Creek diversion flume.

INTRODUCTION

The Vangorda Creek diversion flume was initially constructed in 1991. Approximately
25% of the length of the flume was relocated and re-constructed in 1992 to accommodate
an enlarged design for the ultimate Vangorda open pit. The flume was initially required to
pass Vangorda Creek water around the open pit in order to prevent contamination of the
clean creek water and to minimize dewatering and treatment costs. The flume continues
to be required to pass water around the open pit in order to prevent contamination of the
clean creek water and to prevent rapid filling of the open pit with water in the absence of a
plan for managing the fully flooded pit.

The design and construction supervision for the initial flume was performed by Steffen
Robertson and Kirsten (SRK). The design of the relocation was performed by Kilborn
Engineering with construction supervision performed by Curragh Resources. As-built
reports for both the initial construction and the relocation project were prepared by SRK.

The flume is a series of 2.4 metre diameter by ¢ metre long galvanized corrugated metal '
culvert pipes laid on a compacted sand base in a channel seated in fractured bedrock which
runs around the northern perimeter of the Vangorda open pit. The total length of the
flume is approximately 940 metres. Beginning at approximately 5+17 metres, the flume is
underlain by a 200mm diameter perforated corrugated steel pipe underdrain which is
intended to collect seepage external to the %2 culvert flume sections. The underdrain
directs water into the Vangorda pit near the downstream end of the flume.

The primary risks associated with the flume relate to the physical stability of the flume, the
flume channel, the soil and rock walls which overlook the flume channel, and the rock wall




below the flume channel which is the north wall of the Vangorda open pit. A significant
physical failure of any of these components could result in a negative environmental
impact on Vangorda Creek and in costly remedial work.

Physical maintenance work has been performed in the past in order to minimize the
chances of a significant physical failure of the system and this physical maintenance work
has resulted in some structural damage to some of the flume sections over time. For
example, it has been necessary during most spring seasons to dig a channel in the ice cap
which forms over the flume sections during most winters. The damage to the flume
sections is visible as bent, twisted or absent cross bars, and ripped, deformed or torn flume
sections.

There was a failure of one section of the rock wall which overlooks the flume in June
1999 at approximate flume location 5+78 to 5+94. Rock debris including slabs up to _
approximately 1.5 metres in length sloughed from the near vertical rock wall and damaged -
several flume sections and partially blocked the passage of water such that Vangorda

Creek water was in danger of flowing directly into the Vangorda open pit. The causes of ,
the wall failure are thought to include the cumulative effects of repeated freeze-thaw =
cycles in a vertical wall of fractured rock with the presence of some surficial seepage =~
water.

The June 1999 wall failure represented the most serious damage to the flume system
documented over the life of the system. Repair work was quickly performed and there
were no significant adverse environmental impacts on Vangorda Creek as a result of the
wall failure. However, wall scaling with the CAT 235 backhoe was not able to removea - _
rock overhang which remained after the initial sloughing, :

A small diversion ditch located generally upslope from the area of the June 1999 wall
failure was repaired in 1999 and this may reduce the surface seepage which passes over
the rock wall.

In September 1999, further minor sloughing of rock debris into the flume channel
occurred in the same location as the June 1999 wall failure. This minor sloughing did not
damage any flume sections and did not block the passage of water to as great a degree as T
was observed in June 1999. The sloughed material was removed from the channel and the L
normal passage of flow was restored.

The risk of future wall failures into the flume channel continues to exist and was not
diminished by the 1999 emergency repair work. Water is observed to seep from the wall

in the location of the recent failure and it 1s likely that on-going freeze-thaw cycles will

result in another wall failure in the future. The rock type present at that location 1s

conducive to sloughing and failure because of the physical characteristics of the rock.

Anvil Range Mining Corporation (Interim Receivership)




The current contingency plan for the flume is to provide quick response to future incidents
as was done in 1999. Sufficient materials are currently on-site or are locally available to
perform another repair of the magnitude of the 1999 project.

This report presents a summary of the remedial work performed in 1999 including a
photographic record. This report also presents a series of recommendations for further
preventative maintenance work which may reduce the risks associated with the flume.
The development of a current long term plan for the Vangorda open pit and diversion
flume is considered to be a critical component for the successful management of the
system.

The attached plan of the Vangorda Creek diversion flume is copied from the relocation as-
built report prepared by SRK in 1992,

CHRONOLOGICAL SUMMARY OF 1999 EVENTS

Jun 29 wall failure first observed (chainage location approx. 5+78 to 5+94)

Jun 30 to Jul02 backhoe clears rock debris from flume channel and scales wall from
bottom

Jul 03 attempt to scale wall from top with backhoe largely ineffective due
to safety concerns

Jul01 to Jul®7 prepare replacement flume sections; pre-assemble four sections

Jul05 to Jul0o8 haul rip rap rock to work area

Jul07 to Julll backhoe down for mechanical repairs

Jull2 divert Vangorda Creek into Vangorda pit (11 hours); final grading

of channel bottom with backhoe; install replacement flume sections
(installed length ~39 metres); restore creek flow into flume

Jull3 place geofabric filter cloth along both sides of the work area; begin
placement of rip rap rock over filter fabric
Julidto Julls complete placement of rip rap rock, complete removal of diversion

materials from head of flume; remove rocks from flume culvert
sections downstream of work area and at head of flume

Sep 11 minor slough of rock debris observed at same location with minor
restriction of water flow and no significant damage to flume
Sep 16 remove sloughed rock debris and repair upslope diversion ditch

DETAILS REGARDING INSTALLATION OF REPLACEMENT FLUME
SECTIONS. JULY 1999

The remedial work performed in July 1999 was performed by personnel hired directly by
mine management and utilized on-site equipment owned by mine management. The cost
of the July 1999 remedial work was estimated at approximately $36,000. The project cost
was minimized by use of on-site materials (esp. flume sections) and the project cost would
have been greater had these materials not been immediately available on-site.

Anvil Range Mining Corporation (Interim Receivership)



Vangorda Creek was diverted into the Vangorda pit immediately downstream of the
headworks dam. The diversion was accomplished by placing sandbags and soil in the %2
culvert flume section and ditching across the access road such that water overflowed from
the flume and passed into the old Vangorda Creek channel. The diversion was necessary
to allow installation of the replacement flume sections.

A total of seven replacement flume sections were installed (each 6 metres in length) at
approximate chainage location 5+71 to 6+13. The total installed length of the
replacement flume sections was 39 metres. This task involved final grading of the channel
bottom using the backhoe to provide a smooth base on top of which the replacement
flume sections could be installed. This final grading was carefully monitored to ensure
that the compacted sand layer underlying the flume channel was not disturbed. No signs
of excavation of sandy material were observed and it was concluded that the underlying
compacted sand layer containing the perforated 200mm diameter underdrain was not
disturbed. One length of four pre-assembled flume sections was installed at the upstream
end of the excavated area. The pre-assembly of these sections included installation of
crossbars, bolting and tarring of the joints. Two individual sections were then installed
from upstream to downstream in the remaining area. These sections were bolted and
tarred in place with bolt holes cut to fit after placement of each section. The final
replacement flume section was installed to fill the remaining 3 metres of excavated area.
This section was not cut down from the original 6 metre length but was underlapped at the
upstream end and overlapped at the downstream end to a total of 3 metres length. The
final two joints for this section were also bolted and tarred in place with bolt holes cut to
fit after placement of the section. All joints were completed such that the upstream
section overlapped the downstream section (appropriate to passing flow smoothly) and all
overlapsfunderlaps were at least 0.5 metres in length (with the exception noted for the
downstream replacement section which had greater overlap/underlap).

One joint between 2 replacement flume sections was observed to be leaking water out of
the flume after installation and was effectively sealed with oakum rope.

Filter fabric intended to prevent the migration of fines into drainage rock was placed on
the ground along both sides of the replacement flume sections to above the height of the
flume sections. The cloth was placed under the flume as much as possible. Local rock
material which had been excavated out of the flume channel was used as fill in the bottom
of the channel and rip rap rock hauled from the Faro site was used as fill along the upper
portion of the replacement sections. Rip rap rock was hauled from a borrow area
previously established on the Faro site because the road to the Grum rip rap quarry was
found to be impassable.

PHOTOGRAPHIC RECORD OF 1999 REMEDIAL WORK

1. initial condition of failed wall and partially blocked flume channel
2. location of work area wrt Vangorda pit
3. completed scaled rock wall

Anvil Range Mining Corporation (Interim Receivershipj



4. diversion of Vangorda Creek into Vangorda Pit
5. nstallation of replacement flume sections
6. placement of filter fabric and rip rap rock

CONTINGENCY PLAN

The contingency plan in-place for the Vangorda Creek diversion flume is to provide
frequent monitoring and rapid response to future incidents.

There are currently 6 of the %z culvert flume sections on-site which could be used to
perform a repair of similar magnitude to that performed in 1999. These are located at the
Grum water treatment plant. Additional % culvert flume sections could be ordered from
Stelco in Hamilton, Ontario at an estimated cost of $10,000 each f.0.b. minesite.
Significant lead time would be required before an order would be received on-site.

Angle iron cross bars would need to be purchased for a future repair project but are
locally (Yukon) available and could be delivered to the minesite without delaying the
repair work. The estimated cost for purchase of cross bars f.0.b. minesite is $100 per 3
metre length.

Filter fabric would have to be purchased for future repair projects. This product is readily
available from suppliers in Edmonton and Vancouver and could be delivered to the
minesite without delaying the repair project. The estimated cost for filter fabric f.0.b.
minesite is $10/m”.

Clean rip rap rock can be produced on the minesite. The primary production location is an
established rock/gravel borrow area near the north end of the Faro.tailings impoundments.
A secondary production location is a rock quarry at the west side of the Grum rock dump.
In either case, it 1s beneficial that rock be passed through a cleaning screen to separate the
fine material. The rock chips local to the Vangorda Creek diversion flume may be suitable
for bulk fill but do not generally meet the specifications for clean rip rap rock. The
estimated cost for screening and supply of rip rap rock to the flume using on-site
equipment and manpower as was available in 1999 is $20/m’.

RECOMMENDATIONS FOR FUTURE PREVENTATIVE MAINTENANCE
WORK

Consultation with a professional engineering firm should be conducted prior to the
implementation of any of the following recommendations. This will ensure that any work
performed and money expended will have professional justification.

A thorough examination of the flume culvert sections was performed from July 12 to July
15 with the intention of identifying locations where damage to the flume sections had
compromised the ability of the flume to serve it’s purpose. There are numerous crossbars,
two substantial lengths of flume sections, and several individual flume sections which are
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recommended to be replaced or repaired as detailed below under recommendations #1, 2,
3,4, 5and 6.

The physical stability of the rock wall below the flume should be considered as part of an
assessment of the physical stability of the flume system since a significant failure of this
rock wall could breach the flume channel and necessitate a complete relocation of the
flume. The rock wall below the flume channel which forms the north wall of the
Vangorda open pit shows visible signs of sloughing and degradation. Additionally, the
buoyancy introduced at the toe of the rock wall due to flooding of the open pit may
reduce the competence of the wall. A professional stability analysis with
recommendations for improving the physical stability of the flume is recommended below
as recommendation #7.

The long term environmental management plan for the Vangorda open pit should be
considered as part of an assessment of the most appropriate actions to be taken regarding
the long term stability of the diversion flume. The ultimate objective and timeframe for
reclamation of the Vangorda open pit will have a significant impact on the long term plan
for the diversion flume.

A list of individual recommendations are listed is as follows (not in priority order):

1. atotal of 45 cross bars should be replaced because they are badly bent, badly twisted,
loose on one side or not present such that they are no longer providing any effective
structural support for the flume sections

2. atotal of 34 cross bars could be either repaired or replaced because they are

somewhat bent or twisted but continue to provide some structural support for the

flume sections

a total of 16 locations were identified where side rails should be repaired or replaced

because they are loose, bent or not present

4. one continuous length of 7 flume sections located from approximate chainage
locations 4+95 to 5+35 should be replaced because the flume sections are significantly
damaged (flume sections ripped, cross bars damaged or not present, joints between

. flume sections loose or leaking); additionally, within this length, a 4 culvert patch of
approximately 2 metres length has been improperly installed at some time in the past
such that the upstream end of the patch was not underlapped to prevent leakage out
of the joint; refer to photo #7

5. one continuous length of 6 flume sections located at the downstream end of the flume
should be replaced because the flume sections are sigmficantly damaged (flume
sections ripped, cross bars damaged or not present, joints between flume sections
loose or leaking); refer to photo #8

6. in addition to recommendations #4 and #5 above, a total of 5 locations were identified
where repairs should be made to flume sections because the flume sections are
significantly deformed, leaking or torn

7. an engineering study should be performed to identify various alternatives to reduce
the risks associated with the relevant physical stability issues; the study should include

(5]
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physical stability assessments of the rock walls above and below the flume; any
recommended actions should be evaluated in light of long term env. management
planning for the Vangorda open pit; refer to photo #9

CONCEPTUAL COSTS FOR RECOMMENDED PREVENTATIVE
MAINTENANCE WORK

The estimated unit costs for materials, equipment and labour (based on 1999 management,
equipment and manpower availability) are as follows:

materials: cross bars & side rails (2" angle) $100 / 3 metre length
(fob minesite) flume sections (6 x 2.4 m galv CMP) $10,000 each
filter fabric $10/m”
rip rap rock $20/m’
equipment:  CAT 235 backhoe $80/hour loaded
HIAB $55/hour loaded
CAT 966 loader $55/hour loaded
gravel truck $55/hour loaded
manpower:  labourer $17.53/hour
welder/mechanic $25.93/hour
management: field supervision 10%
engineering/reporting 10%

The conceptual cost estimates for each of the recommendations given above are as
follows:

recomm##1: $20,000

recomm#2 (assume cross bars to be replaced): $15,000
recomm#3: 315,000

recomm#4:  $150,000

recomm#5:  $130,000

recomm#6: $10,000

recomm#7: $50,000 to $75,000

Anvil Range Mining Corporation (Interim Receivership)



Photo #1B, initial condition of flume following wall failure
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Photo #5b, installation of replacement flume sections
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Photo #6b, édmpleted piacemént of rip rap rock
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Photo #9, flume and pit wall
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