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Biotogical and Sediment Monitoring at Rose and Anvil Creeks, 2004

1.0 - INTRODUCTION

On August 16, 1994, Anvil Range Mining Corporation (Anvil) was officially assigned Licence
Number IN89-001, which was originally-issued to Curagh Resources Inc, by the Yukon Teritory
Water Board. On December 21, 1996, mining femporarily ceased but the mill continued to operate
- urtil March 1997, In late’ ‘August 1997, mining resumed with mlllng commenang in October.
However both operations shut down in late January 1998. Low metal prices (zinc and lead) and
financial difficutiies experienced by Anvil indicated that this closure had the potential to be long term.
~ An amended water licence, number QZ95-003 was issued to Anvi on January 30, 1998. In April -
1998, Deloitte and Touche Inc became the intérim receivers for the Faro Mine property, operations
‘and assels. They have also acted as caretakers of the site baanng responsibility for the
requirements under the water licence. On March 30, 2004, Deloitte-and Touche Inc was: issued
licence QZ03-059 1o continue care and man!enanc:e of the sile, and to conduct and/or- manage
addihunal studies and plans for anoiher five years.

To. eomply with Part G, Section 84, of the new Iicenne, ) blulnglcal and sediment monitoring
program is to be- undertaken every two years on the Rose Creek system. The Licence states that
three replicate samples of benthic macro-invertebrate fauna are to be colected from seven sttes
located on Roge and - Anvil Creeks. These benthic organisms are 1o be identified, enumerated and

the data évaluated. Stream sediment and water samples are to be collected concumently. ‘

Deloitte & Touche Inc contracted Laberge Environmental Services (LES) to-conduct the biological
and sediment monitoring surveys. This report contains all data collected during the 2004 program.
Some oompemons with past monitoring programs have been included

Laferge ENVIRONMENTAL BERVIGES ' S 1



Biclogical and Sediment Monitoring ef Rose and Amm' Creeks, 2004 -

2.0 STUDY AREA

. The Faro mine and mill are lucahad approximately 20 road lqlumahﬂs north of the ann cf Faro at
appmmmately 62°20'Nand 133°258' W (Fgure 1).

The study area lies within the ecoregion Yukon Plateau - North. The mean annual temperature for
this reglon s apprmdmaiely -4°C with a summer mean of 10.5°C and a winter mean of -20°C.
Northem bores! forests exist at elevaﬁnns up to 1500 m asl. White and black spruce form the most '
common forest types- with aspen. and balsam poplar occupylng disturbed al‘aas {(Ecological '
Stratification Warking Group. 1995), :

The biological monitoring sites are established on Rose and Anvil Creeks at the following k:mﬁons
(Flgura 2). , : .

R1 © Upstream of the c-unﬁuance of the North and Snuth Forks of Rose Creel_c.. ’
R2 inthe mbang zone downstream nf.the ﬁ'ﬂersectun of the Rose, Creak l'jNEfﬁlﬂn i:anal
and the outlet of the tailings pond :
| R3 | Rase Creek apprommately half way betweuan the talIlngs pond ouﬂei anr.l Anvil
Creek.
R4 Rose Creek just upstream of Anvil Creek.
R& - . Anvi _erek'apprmdmatary 150 metres duwnsl&am ofRos;.a Creek _'
R6 A;1vl Creek immediately upsfreaén of Rose Cr'eék-.
‘R7 North Fork of Rose da’ek upstream of the mnﬁgen@em.m-ﬁam Creek diversion.

s \ENVIRONMENTAL SERVICES : - . 8¢
Laberge ] ‘ )



Biological and Sediment Monitoring at Ross and Anvil Creeks, 2004
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Figure 1. Location of Faro Mine
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Bivlogical and Sedirent Monitoring at Rose and Anvil Creeks, 2004
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Blological and Sediment Monitoring at Ross and Amvil Creeks, 2004 -

3.0 METHODS

The 2004 biological mamtonng program consisted of two field surveys conducted on July 19" and
20™ , and on August 23™ and 24™. Helicopter accéss was required for the sites sifuated on the lower
mainstem of Rose Creek and the sites on-Anvil Creek. The rsmammg sites were accessed by

vehicle and on foot.
31 . Water Quality .

Water quality samples were collected at each site in July ‘and in August. The samples were
collected in a fast flowing section of the stream upstream of the sedlment and benthic sampler
lacatmns ;i

811 Field Measummgnis

In-situ measurements were taken at each site during both surveys. Conductivity and 1ampemiure-
were determined with an Orion conductivity meter mode! 126, Dissolved oxygen readings were-
obtained using an Orion oxygen meter model 820 and pH measuremients were taken using an
Accumet Portable AP&1 pH meter. - .o

31.2 Cherical Analyses

All sample botties were supplied by Canest Laboratories of Bumaby, B.C. and were pno\nded to -
LES personnel at the Faro Mine Security Offica. At each sile, the sample bottles were rinsed three .
- times with the sample water prior to filing. Samples were collected in two fitre plastic bottles for
sulphates, alkafinity, ammonia, hardness, colour, tuibidity and nonfitterable residue lnalyses.
Ammonia samples were collected in 500 mL plastic batiles and preserved with sulphuric acid.
. Samples to be analyzed for total metals and dissolved metals were collected in 250 mL acid
washed plastic bottles. The total metals samples were preserved with nitric acid. The dissolved
metals samples were left unpreserved to be fittered and treated at the lab. Samples were kept cool
prior to shipment to Cantem

32 Water Quantity

Discharge was measuned at each of the sites, where possible, on both visits, An area with a uniform
cross section was chosen and the yelocity and depthi were measured using & AA Price velocity
_ meter. Ten of more readings were taken across the profile of the stream. Total discherge was
' calcu!ated as the sum of these individual duschalges (area X velocity).

4‘“‘”9" ENVIRONMENTAL SERVICES N _ ; 5



Biological and Sediment Monitoring et Rose and Anvil Creaks, 2004 -

33 Stream Sediment Sampling: -

_ Triplicate stream sediment samples were collected from each- site In July. Sample sites were
selected from areas of deposition along the stream bank, generally characterized by the finest
grain size evident at the site. Samples were collected with & stainless steel trowsl and placed in
zip-lock plastic bags. The samples were packed with ice packs when shipped to Cantest,

.At the lab, the samples were dried and passed through a 100 mesh (0. 15 iﬁm) stainless steel
gieve. The portion passing through the sieve was run thrnugh an ICP scan for the datermlnation of
total metal concentrations. : : :

3.4 Benthic Invertebrate Sampling
341 Field Collection .

Artificial substrate samplers were used for benthic invertebrate sampling. The basket samplers
were cylindrical in shape, measured 26 cm long with & diameter of 17 ¢cm, and were constructed of.
" galvanized wire with a one centimetre 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 x 1000 crh? (Baker 1979):

Three rock filled samplers were submerged in riffle areas of the stream at each site on July 18™ or .
20". These samplers were Iéft to colonize for five weeks. On August 237 and 24™, 2004, the
artificial substrate samplers were retrieved by placing & screened bucket with a 300 mu:run mesh,
downstream and under the basket. On shore the basket was opened in the bucket. Indw:dual
rocks were then carefully washed In the screened bucket to remove and collect all invertébrates
from that sample. The detritus and benthic invertebrates remaining in the bucket were placed in a
- one litre nalgene bottie and preserved with 10% formalin. These samples were sent to Charles
‘Low PhD, an entomologist in Victoria, B.C. for enumeration and identification.

342 Laboraiory Analysis

Al samplas were washed through two screens with mesh sizes 1 milhmatre 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 splitter
was used for the subsampling. The split fraction that was analyzed is indicated undemeath the
statlon number in Appendix C. The majority of the benthos were Identified to the genus lavel.

Labenge ENVRONMENTALSERVICES i 6



Biolagical and Sediment Monitoring at Rose and Anvil Creeks, 2004

40  RESULTS AND DISCUSSION

4.1  Water Quallty

Water guality samples were collected at each of the sites on both visits during the summer of
- 2004. The analytical results are presented in Appendix A. Sixteen parameters (Sb, As, Be, Bi, B,
Cr, Hg. P, Se, Ag, Te, Ti, Th, Sn, V and Zr) were below the method detection |In'lll in all of the

samples on both oceasions in 1he dissolved and total states.

Part 3 of Schedule B speciﬁcally raquests the analysis of total hardness, alkalinity, sulphate,
suspended solids, ammonia, and total and dissolved copper, iron, lead and zinc. The results for
thege parameters and the in-situ data are presented in Table 1, with discussion per parameter

- presented below.
414 Temperature

The Emperature values reflected the diumal and seasonal timing of the sampling, ranging ffom
* 5.8°C at R6 on August 24" to 13.2°C at R2 on July 23",

412 -Conductivity and Total Hardness

Calcium and magnesium are considered to be the primary contributors to hardness but other
cations such es strontium, barium, manganese, iron and aluminum also contribute to total
hardness. The upstream Rose Creek sites R1 and R7 were medium soft and the rest of the sites
medium hard. The downstream sites on Rose Creek (R2, R3 and R4) were very hard dusing the
August sampling, Conductlvlty' which is @ measura of the ionic constitusnts in water, had a similar
trend to total hardness with lower values in the upstream sites and eonsaderably higher values in

the downstream sites.

413 pHandAkalinky

All pH values were slightly alkaline ranging from 7.90 at R2 to 8.48 at R5. Alkalinity is & measure

- of the buffering capacity of natural waters against changes in pH relating to the carbonate system.

Alkalinity values were fairly consistent throughout out. Generally sites R5 and R had the highest

alkalinity, There was an anomalous low valus of 4.3 documented at R1. This Is highly Inconsistent
with other readings collected here over time and it is suspected to be lab error.

414 Dissolved Oxygen

All sites were well aerated.

,gm ENVIRONMENTAL SERVICES
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TABLE 1
WATER QUALITY DATA, 2004
‘Sampla Site R1 R2 R3 R RE RE RY
Date, 2004 July18  Aug22 | Juy1s Aug2s | July2D Aug24 | Juy20 Aug24 | Juy20 Aug24 | Juy20 Aug2é | July20 Aug2d
Flow, mseo 1364  1.081 1467 1112 | 1616  1317..| 2168 1720 | 4638 8466 | 2480 1726 | 0882 0477
Tomp °G 18 9 126 132 | 131  se 18 74 88 63 | 83 58 103 65
Conductivity 184, 200 w2 574 267 s | 288 ads 253 273 254 - 212 | 1e8 172
(uSfem) ' ' . o o . )

. pH (In-situ) B8.12 784 .| T80 B.04 822 827 | B 8,34 833 848 B840 843 BO8 - B.11

D.0. {mgi) Y 18 8 B8 92 85 B4 | 83 94 9% 104 | w1 83,
Alfcalinity 43 . 004 11 123 | 13 124 112 12 123 442 | 13 148 021  B50
Myl as CaGo3 o : . '
Sulphate 173 189 583 240 494 180 | 541 148 214 27 | 218 23 | 18 7.2
Ammonia <001 0.2 002 026 | 002 044 001 003 001 <001 | 001 <001 | 007 <001
NFR <1 <1 C ot 3 <1 <1 B B | < 3 L I y L I
Copper-total | <0.001 "<0.001 | <0.001  0.001 | <0001, 0.001 | 0.002 <POOA- | <0.001 0001 | 0001 <0001 | <0004 <0.004.
- dissolved <0001 <0001 | <0001 <0001 | <0001 <0001 | <0.001 <0001 | <0001 <0.001 | <0008 <0001 | <0.001 - <0.001
wn-total | 018 035 | os o5 | az 02 | o4 o2 [ oo ozx | om am [ aw o

- dissolved 005 027 018 043 | 014 022 011 047 €05 013 | <005 018 | 007 . o2

Lead-fotal | <0.00f <0.001 | <0.00t <0.001 | <0001 <0.001 | <0.001 0001 | <0001 <0.001 | <0001 <0.001 | <0001 <0.001

-dissolved | <0001 <0001 | <0.001 <0001 | <0.001 <0001 | <0001 <0001 | <0.001 <0.001 | <0001 <0.001 | <0.001 <0.001
Zinc - total 0.010  0.011 0018 0058 | D012 00 | Gooe D:o13 . | <0.005 0.008 | <0.006- <0.006 | <0.005 <0.005
- dissaived 0.006 0007 | 0015 0087 | 0010 0034 | 00O 0010 | <0005 <0005 | <0005 <Q.005 | <0.005 <0005
Total Hardness, | 102 102 144 298 151 285 153 22 | 134 155 -140 162 a7 2
mpA as CaC0d - - i _

NOTES: All units in gL unlass otherwisa Indicatsd. Valuas i boid indicste the COME guldeine hes been excoaded.

POOT ‘SYaaID iUy puB 850y 18 BULOYUOp JUSIPSS pue |
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Blologlcal and Sediment Menitoring at Rose-and Anvil Creeks, 2004

415 = Suphate

Sulphate concentrations were low (7.8 to 58.3 mg/L) throughout the system in July. In August
concentrations ranged from 7.2 mg/L at R7 to 240 mg/L at R2. The sulphate concentration at R2
was 58.3 mg/L an July 18™. The significant increase over the five weeks is due to the fact that
' lhere was no discharge from the tailings mpoundments (X5) during the July sampling but effluent
was flowing in August. ‘Elevated concentrations are also evident to a lesser degree at the
downstream sites of R3 and R4. Suiphate concentrations nonnally vary from 10 to 80 mg/L. in

surface waters (CGREM 1987)
4.1.6. - Ammunia

Ammonia was detected at most nf tha sites but was wsll below the GCME re::nmmendud,
guidellna of 0.7 mg!L NHE, ’ .

. 417 _Non Flterable Residue (NFR)

All waters were very.clear with an occasional reading of 3 mgfL othenmse concentrations were
below the method detection limit of 1 mglL. &'

418 . Totaland Dissolved Metals

The values In bold In Table 1 indicate that the CCME guideline for the protection of freshwater
aquatic life was exceeded for that parameter in that sample. The toxicity of some metals varies -
~ with the hardness of the sample waters (Table 2). Generally, toxicity of several metals to
freshwater aquatic organisms Increases as the hardness of the water decreases. Copper and lead
concentrations wera very low when sporadically detected. The CCME guidelines were met at all

sites for these two metals.
. Iron was detected at all sites and slightly exceeded the guideline at R1, R2, and R3,

Zlne was detected thmughout and the CCME gundellne was slightly exoeeded at R2 and R3 in the
August samples.

The above metal concentrations have beer dlscussed in reation to the CCME guidelines. It Is
important to note that the limits as set out under the Water Licence iesued by the Yukon Temitory
- Water Board apply to the discharge point and there is no obligation to meet the CCME criteria in

the receiving waters at this time

.J!M& ENVIRONMENTAL SERVICES . ' ' 9



Biological and Sediment Monitoring,at Rose and Anvil Creeks, 2004

. TABLE2 |
CCME REGDMMENDED GUIDELINES FOR THE PROTECTION oF
FRESHWATER AQUATIC LIFE ;

HARDNESS ‘COPPER | LEAD | IRON | zInNC

| as CaCOy mgt. - mglL omgll mg/lL . mg/L
0-80  soft 0002 | 0.001 03 0.03
l60-120 medumsot .| 0002 | o002 | 03 | 003
l 120-180 hard - oooa | o004 | 03 | . o003
>180 - very hard 0004 | 0007 03 . 003

4.2 . Water Quaﬁtlty_

Water flow was measureﬂ at each of the sites in July and August. These data are presantad In
" Table 1 with the water quality data. The summer of 2004 was hot and dry. Water levels were vary

low in August.
4.3 ! Stream Sediments

Triplicate stream sediment samples were collected from all sites during the July visit. The results
- for the metals analyses were averaged and the standard deviation was calculated to determine
the variability of metal concentrations at each site (Appendix B). A few metals, especially those
- with high concentrations, showed some variability. Of the 30 metals analyzed only berylhum was
below the method detection limit, -

Six matals (arsanic. cadmium copper, mercury, lead and zinc) known to be toxic to the aquatic
anvironmant wera examined in detail. The mean concentrations of these metals were compared
-to the CCME (1899) interim freshwater sediment quality guidelines (ISQG) and to the probable
effects levels (PEL) (Table 3). Generally, conoemrations greater than the PEL have a 50%
incidence of cnaatlng adverse blologlml effects. -

* The highest t;:oncentratlons of metals in the stream sediments occurred at R2. Since this site is
' immediately downstream of the tailings facility, it would receive the greatest impact from miining
related activity. The PEL for arsenic, lead and zinc was. exceeded. at R2, Atthough concentrations
were not quite as high, the PEL for lead and zinc was also exceedsd at R1, R3 and R4. The ISQG
‘was exceeded for arsenic, cadmium and copper at most sites but concentrations were genarally
well below the PEL. The ISGQ for mercury was exceeded at R2 only. . '

Laberge ENVIRONMENTAL SERVICES : ' : 10



Biologlos! end Sediment Monitoring at Rose ad Anvil Creeks, 2004

TAHLE 3

SUMMARY OF STREAM SEDIMENT METAL CONCENTRATIONS

STATION STATION ARSEMIC | CADMIUM | COPPER | MERCURY | LEAD ZINC

NUMBER DESGRIPTION | (epm) (ppm) - {ppm) (ppm) {ppm) (ppm)
R1 Roan Cresh Upatreom < 124 0.7 .18.3 0.08! 125 203
A7 North Fork of Rose Cresk 1"e 05 173 0.0 15 78
R2 " |Rose Creeh d/s taffings pands 18.8 13, B83.3 .18 207 482
R3 Rose Cr midwsy between R2 & Rd 18.8 08 % 012, 165 ane
R4 Rose Cr |ust ws of Anvil Greek 14.2 0.7 8.7 041, 184 203
Ro Anvil Gresk w's Rose Creak ©o133 0.8 200 © 001 1 -]
RS Anvil Creek d/s Rose Crenk 114 0.0 423 .04 aw 212

s . 15QG = Inlarim Frashwater Sadimant miﬂy Gnldnllnel Vlluel In beid indicale excesdances,
PEL = Probable Effects Lavel (>80% of sdverse oMmlbm Ihie level. Values Malized and In botd Indicate lmndum

~ Concentrations of most of the metals were very low at R6 and R7, which are representative of
- background conditions. Although R1 is located upstream of the tailings. faclllty. cancentrations of
several of the target metals were ralatwaly high, and did exceed the PEL as mentioned earlier.

4.3.1 Compansonswim Past Data

Limited data excsm on. the geochemistry of the stream sediments in the Rose Creek system
Metals in sediments have not been a licensed requirement for this system until the Issuance of
Licénce # QZ03-059 in March 2004. In 1996, stream sediment samples were voluntarﬂy collected
and analyzed for metals during the Rose Creek biological monitoring program (Burns, 1987).
Environment Canada conducted environmental impact surveys downstream of the tailings
impoundment in 1983 (Godin and Osler, 1985) and in 1973 (Hoos and Holman, 1973). Table 4
shows comparisons of selected metal concentrations upsiream on Rose Creek, R1, and at the
* downstream sites of R2 to R5. All data represents the mean of triplicate samples (N=3) except in
. 1983 which is the average of two sets of friplicate samples collected in July and August (N=6).
Environment Canada did not collect samples at R5 resulting in only two sets of temporal data.
Arsenic was not one of the six metals analyzed in 1873. The dstection limit for cadmium was very
high in 1973 and this set of data has been excluded. Each parameter has aiso been graphed
(Figures 3 to 6) and includes either the PEL or the 18QG, which ever is more meaningful for that

‘data set.

In March of 1275, a 1allings spill released 245,000 cubic metres of tailings slumry into' Rose Creek
- (Godin and Osler, 1985). The 1983 data for arsenic and lead was consistently high at the
- downsfream sites (R2, R3-and R4), and were the highest documented to date. Concentrations of
zinc were also elevated in 1983 at R2 and R3. These elevated levels could represent lingering

effects fmm the tailings spill of 1975.

.L’c.kgy.g ENVIRONMENTAL SERVICES 11



Blologlcal and Sediment Monioring at Rose and Anvll Creeks, 2004

TABLE 4

COMPARISONS OF METAL CONCENTRATIONS IN GEDIMENTS, 1973, 1983, 1296 AND 2004

ic (ppm Cadmium Lead [g%m Zinc (ppm
1973 18683 1896 1973 1883 1800 2004 | 1973 1883 1896 2004 | 1873 1 2004
R1 15 8 12 o8 08 0.7 280 124 74 1256 | 270 2860 227 203
R2 86 3z 20 12 18 1.3 83 775 30 207 180 618 617 482
R3 104 31 18 1.4 10 0.8 280 881 244 165 | 450 ©BB 581 76
R4 51 3z 14 11 2.1 0.7 EB5 267 153 886 908 293
RS 14 11 08 0.8 20 €9 161 212

Concentrations of Arsenlc In Stream
Sadlments Over Time
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Biological and Sediment Monitoring et Rose and Anvil Creeks, 2004

Metals in sediments are difficult to interpret because levels vary widely as a function of natural
mmerallzataon of local soils within a given watershed. Based on the current data set, it appears
that concentrations of various metals have been decreasing since 1983, Concentrations of the
selected metals at R5 are very similar ta those at the upstream site R1. Lead levéls however have

' consiatenﬂy been |reater atR1thanatR5. _ , :

. 4.4 . Benthic Invertebrates

_ Five phyla were found in Rose and Anvil Creeks; Arthropoda, Annelida, Nematoda Mollusca and
Cnidaria.- A total of 74 different taxonomic groups were identified within these five phyla Theae

data are presanted In Appendix B..
'4.4‘.1' | Abundance and Tamonom_lc. Richness

- The total number of organisms for the triplicates at each site was summed to give a total
abundance value for that site. Populations at most of the sites were hlgh and ranged from 2,206
individuals at R5 to 55,191 individuals at R1. : ¢

Taxoriomig richniess was determined for each site by enumerating all taxonomic groups identified
from species to phylum, as a measure of community diversity. All communities were diverse with
41 different taxonomic groups-identified at R2 to 49 identified at R1.

Abundance and diversity were plotted and are displayed in Figure 7. To aid in interpretation, the
stations were arranged on the X-axds to demonstrate where the tributaries, R7 and R6, enter the
mainstem of Rose Creek. In comparison to the other sites; the populations at R4 and RS, the sites -
on lower Rose and Anvil Creeks, and RS, upstream on Anvil Creek wers ldw however the

, oommunmas here were equally diverse.
442 . Distribution

" The composition of the benthos communities was calculated as & percentage of the major
taxonomic orders present with ple charte generated for each site (Figure 8). The grouping “Other”
is made up of invertebrates from Coleoptera, Nematoda, Cnidaria, Copepoda, Gastropoda,
‘Bivalva, Hirudinea, Homoptera, Hydracarina and/or. Ostracoda, Based on this, taxa were then
. classified with respect to their dominance within tha communrty (Table 5). ;

Diptera was the domina_nt order at all of the sites. Ephemeroptera shared dominance at R3 and
'R6. Within these two grolips, the family. Chironomidae formed the majority of Dipterans and the
family Baetidae formed the majority of Ephemeropterans. Not a ot is known about the specific life
cycles of insects inhabiting the north. However, the family Baetidae has frequently been found in
large numbers in the Rose Creek system in the past, with & record number of over 23,000

Laferge ENVIRONMENTALSERVICES - : : 13



Biclogical and Sediment Monftoring at Rose and Anvil Creaks, 2004

SiTE SITE ABUNDANCE TAXOMONIC
DESCRIPTION RICHNESS
R1, Rose Creek upsiream 5,191 48
R7 North Fork of Rose Creek 32,380 44
R2 Rose Craak d/a talings ponds and diverslan canal 38,042 43
R3 Rosa Cresk midway batween R2 and R4 30.826 41
R4 Rose Croek Just u/s of Anvil Creak 4,884 44
RSB Anvil Creek just u/s of Rose Cresk 8,759 48
RS Anvil Cresk dfa of Rose Crask 2,206 44
80,000 60
- 50,000 4 4 50
40,000 4 + 40 g
30,000 4 i + 30 g
20,000 4 t20 %
10,000 + : . 110
0 - ; e o e + . t I t -—' 0
R1 R7 R2 R R4 R8 RE
| B ABUNDANCE === TAXONOMIC RICHNESS |

FIGURE 7 Abundance and Taxonomic Richness at Ross and Anvil Creeks, 2004
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Blologlcal and Sediment Monitoring at Rose and Anvil Creeks, 2004

Flgurs 8 Tho Composition of the Banthle Invertsbrata Cammunlty at Each Sita, 7004
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Biological and Sedimenf Monktoring af Rose and Anvil Creeks, 2004

Baetidae collected at R3 in 1994. Chironomids have consistently been oollected in the study area
and generally have been the dominant group at the sﬂes :

Ephemeroptera was subdominant at the other sites except at R5 where Ofigochaeta was
subdominant. Oligochaeta was either comman or rare at the rest of the sties. Plecoptera and

“Other” were common at all sites and Trichoptera was either comnmon or rare. -

In general, the composition of the seven benthic communiites was similar.

.TABLE §
TAXDNGMIC DISTRIBUHDN OF BENTHIC INVERTABRATES
SITE DOMINANT EUBD_QMIHANT COMMON ‘ RARE
i (225%) . (10% 10 24.9%) (1.0% 10.9.9%) | (0.1% 10 0.9%)
R1 |Diptera Ephamaroptura Plecnptal"a : Trléhoptera ;
Other Oligochaeta
R2 |Diptera - Ephemeroptera Other
_ Plecoptera .
Oligochaeta
Trichoptera -
R3 |[Diptera _ Plecoptera Trichoptera
Ephemeroptera . Other Oligochasta:
R4 |Diptera _ Ephemeroptera Oligochasta
Trichoptera
Plecoptera
Other
R5 |Diptera Oligochaeta Ephemeroptera i’ﬂmﬂptera
; : Plecoptera’
Other
R6 |Diptera | Plecopera . Oligochaeta
_|Ephemeraptera Other '
Trichoptera
R7 |Diptera e - Ephemeroptera Trichoptera
2 ] ' Plecoptera - .
Oligachasta
‘ |Other

Labenge ENVIRONMENTALSERVICES : ) 16



 Biological and Sediment Monitoring &t Rose and Anvil.Creeks, 2004

The msact orders Ephemeroptera, Tnchoptera and Plecoptera are sensitive to most types of
pollutmn (Rosenberg and Resh, 1993). Lehmkuhl (1978) has identified several groups within
theae insect orders that have very low tolerance to chemical poliution. Eleven of these taxa (six -
taxa within Plecoptera, three taxa within Ephemeroptera and two taxa within Trichoptera) have
been Identified in the Rose and Anvil Creek study area. Table 6 summarizes the presence or
absence of each of these taxa per sile. All of the sensitive taxa were present at R3. Ten out of
© eleven taxa were present at R4, nine at R2 R5 and R7, and eight at R'! and R6.
A!I sites had good representatlnn of pollution sensitive inse'cts althﬁugh interestingly, the
badcground sites R1 and R8 had tha least number of sansrtwa specles present.

TKBEE ]
- Presence (+) and Absence (-) of Sonsitive Taxa at Rose and Anvll Cresks

Senaitive Taxa ' . Ri1 R2 R3 . R4 R5- RB R7

: Ploéuplara_"

' Nemouridae * + + + + + +
Perlodidae - + + o o ¥ .
Capniidas - + + * + 4 + +
Taenlopterigidae + + + + + + +
Chloroperlidae - + + T+ + " +
Leuctridae . - + - . - J

‘Ephemeroptera -
Epeorus 5 . & + + + + 4
Ephemerellidas ' + i + - + + +
Rithrogena : + + + + + + 4+

| Trichoptera _ . P y
Brachycentriidae + | ® + + - - "
pracophl!idaa S + + + + +

~ [Total # of sensitive taxa: 8 8. 117 10 g8
| Afier Lehmkuhi (1973)

44.3 Comparisons with Past Data.

Several studies to assess the health of eeoaysléms' have been conducted using benthic
* macroinvertebrates (Rosenberg and Resh, 1993). Uslng benthic lnvaﬂebfates in biomenitoring -
offers maiy advantages for the following reasons; ‘they are ubiquitous, they are abundant and
easy to collect, there are a large number of species offering a spectrum of .responses to
environmental stress, they are generally sedentary and therefore are representative- of local
conditions, and they have long life cycles compared to other groups (i.e. periphyton). As such,
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Biologicel and Sediment Monitoring at Rose and Anvil Creeks, 2004 -

benthic rnacrnmvertebrates actas mntlnuous monitors of the water they inhabit. Assessments are
- often based on taxa nchness and the abundance of poliutlon sensitive insect orders.

The data oouectegd in 2004 repreaent some of the highest populations recorded since sampling
first began in 1973. The warm temperatures experienced during the summer of 2004 may have
Increased algal and periphyton production, major food resources. for scrapers, fitering and
collector. functional feeding groups, such as several genera of Ephemeroptera, Trichoptera and *
Chironomidae. Hatching is triggerad by wam temperatures and the warm.dry summer
experienced in 2004 could have mntnbuted to the emergence of higher numbers of several insect
species. However, this does not explaln the unuaually low pupulatbn numbers documented at R4
and R in 2004. :

Over the years various agencies and companies have collected benthic data from the Rose Creek
system using various sampling methods at varying times of the open water season, Summaries of
- the past sixteen years of Company (Anvil Range and Curragh ‘Resources) monitoring data have
- been fabulated (Table 7). In each of these nine surveys, artificial substrate samplers were used,. _
the same sample site locations were empioyed and the samp!mg personnel were conaistent In
addition, the quality of the habitat (riparian vegetation and stream substrate) at each of these sites
has changed ralatively kittle over the past sixteen years. Consequenﬂy some temporal and spatial
comparisons can appmpnataly be made. ;

The populations of the benthic communities at each of the sites fluctuated significantly over the
~ sixieen years examined, with a geneéral trend to ‘an Increase in numbers in recent years. Figure 8
showa the abundance at each site for the nine surveys examined. The highest population af-R1
and R2 was documented in 2004, at RS and R6 in 2000, at R4 and R7 in 1998 and at R3 in 1984,

~ Population numbers were generally low in the late 80s and early 90s. '

Based on' the abundance data it appears that the benthic. populations are recovering and
improving at R2 over time, the site recaiving the greatest potential impact from the tallings facility.
The stream sediments here contained the highest concentration of metals with several
parameters exceeding the probably effects levels (refer back to Table 3). These concentrations
" would indicate a high incidence of adverse effects to the biotic community; however poputation
numbers were high at R2, the community was diverse and there was good representation. of
chemical sensitive organisms. These data would indicate that although high concentrations of
metals exist in the stream sediments, thay prasumably are nut ina bioavauable form.

Although population numbens were relatwely low at R4 over the years, the taxonomic nchnesa and
high numbers of sensitive taxa documented In recent years, indicate a heaithy banthic community.
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Bicloglcal and Sediment Monitoring et Rose and Anvil Creeks, 2004

Table7
Camparisan of Benthle Data over a 16 Year Parod
Site Yeu Total Taxonomic Nusnber of Dominant Taxa
Abundancs Richomay . Bonitive
. Taxa
A1 1688 128 24 8 & Eghemeropiem
1690 1,372 21 B Diptars & Ephamasopien
1892 | 1,141 27 7 _ Dighera )
*1ped 8,488 60 B Ephemeropiens
10868 1,620 87 [ Diptera |
1988 opg - BT . Diglara & Ephamarcplera
- 2000 5,388 &7 10 Dipters
2002 0.988 €0 8 Diptara
2004 - 55,181 At L] o
A2 1988 118 F "8 :
1090 4,664 20 4 Annolida & Diptam
1862 400 - 3 Déptara
1894 920 4T ] Ephamercptera & Diptera
1998 891 k7 - Diptara & Ephemaroptan
1888 - 1,845 47 [} Diptera & Ephemaroplent
2000 B.&11 48 7 Dipters & Eptermaroptsm
2002 11,839 84 [ Dipters & Oligoohnsts
200 38,042 43 ? Dipterm
R3 1948 ' 8 1 Diphora
1950 ZAn8 20 L] Annclide & Diptera
1992 EH 12 2 ‘ Dipters
. 1064 64,675 4@ 2 Ephamaroplans & Plecoplara
1008 144 28 7 Diptera
1800, 13491 k" 10 Dipisra
2000 18.620 42 T . BT
2002 1,808 40 -] Owgochaata &' Diptera
2004 30,A76 at 1 Ciptera & Ephamatoptecn
Rd |- doma 118 16 2 . Diptera
i 1900 2,176 20 4 Diptera
1992 3z - 14 1 Diptera
1884 2388 23 ] Ephomeroptera & Diptera
1659 806 a8 9 :
1958 8,148 48 10 Ephamaropisra & Diptera
2000 N.D. N.D. H.D. N.D.
2002 4,430 E2 ] Dipteta-
2004 4,664 “ 10 Diptera
R# - 198 425 2 ‘7 Dipton & Placoptar
. 1980- 3,470 28 7 Dipteva
1982 1,283 25 g Diptera & Acarina
1904 4,118 556 ‘T Diptern :
1508 2729 43 ] Dipora -
1008 7.674 - g 10 Diptera & Ephameroplen
2000 84,076 64 10 Diptora
2002 15088 a5 . ] Diptacn
mo4 2,208 as B Diptera
RS T 1988 H.D. M.D. H.D. KO,
1 1980 3477 25 ] Diptera
1982 3,811 EL| T Diptera
1984 16,431 48 7 Diptara & Ephameroplern
1068 2,741 45 8 Dptara
1688 28,544 © 43 ] Diptsra & Ephsmeroplera
2000 39,344 56 10 Diptera
2002 1,232 k] 8 Diptirs i
2004 - 8789 48 1 Diplara & Ephemamptora
RT 1648 H.D. ND. -HD. N.D. !
1880 2467 ] 8 , Diptera
1962 1,053 = 4 Dipmma
fhos 14,768 44 ] Diptws’
1886° T.028 48 L] Diptesa
1883 . ez 44 B Diptera
3 2000 © 4574 40 8 Diptars
2002 -10,865 ar 7- Diptera
2004 32,360 44 2. Diplora
N.O.= nol done
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Blological and Sediment Monitoring at Rose and Anvil Creeks, 2004

It is apparent from Table 7 that taxonomic richness has increased significantly at all sites since
1884, indicating that communities have become more diverse and thus healthier. The same holds
true for the number of gensitive taxa documented at the sites over time. The communities at R3
and R4 appear fo have been negatively impacted from 1988 to 1994, but have improved
considerably since then,

Dominance has usually been Diptera and one of the pollution sensitive orders, at most of the sites
over time. R7 has always been dominated by Diptera and appears to be a stable papulation.

Figure 8 Abundance of Benthic Invertabrates at Rosa and Anvil Creeks over a Sixtesn Year Perlod

70,000

60,000

SITE

[m1988 m 1990 1992 W 1904 M 1996 W 1598 W2000 W 2002 W2004 |
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Biological and Sediment Monitoring &t Rose and Anvil Creeks, 2004

5.0 SUMMARY

Overall, the water samples collectéd at the sites in this study and analyzed for the selgcted
parameters, Indicated good water quality for the support of aquatic life. The waters tested wers
clear, slightly alkaline and well serated. Concentrations of total and dissolved metlals were
generally very low where detected..iron and zinc concentrations slightly exceeded the CCME
guidelines at R2 and R31in August.

The summer of 2004 was hot and dry resulting in low flows at all of the sites, especlally during
August. ,

The highest concentration of metals occurred in the stream 'sediments at R2 where several
parameters exceaded the CCME probable effects levels. This has made no apparent effect on the-
benthic community’ dwelling here however, as population’ numbers were high (the highest
- documented to dats at R2), tha mmmunﬂy was diverse.and there were several pollutlun sansﬂwe

- species present

The mmpnsman of the benthic macroinvertebrate populations was similar.at all of the sites and
appeared heaﬂhy and diverse. The presence of numerous paliution sensitive maects throughout -
the study area Indicates haalthy habitate (water and sadiment quallty)

'Eased on data ml!actad in 2004 and comparisans with historic data it appears that efﬂuent fn::m
~ the tallings systern cun'ently has minimal, if any, impact on the recemng enwronmant. ' '
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APPENDIX A

WATER QUALITY DATA JULY 2004
Sample ID R1 R2 R3 R4 RS R6 RT .
CANTEST ID 407220055 407220056 407220057 407220058 407220059, 407220060 407220061
Date Sampled 71192004 7M19/2004 7/20/2004 7/20/2004 7/20/2004 7/20/2004 7/20/2004
Parameter Unis ; : '
Conveantional Paramelters : :
pH, Labaratory - pH unis 7.9 . 7.92 '7.99 8.01 8.18 8.16 7.04
Conductivity © . uSlem - . 176 256 251 251 223 222 162
True Color’ cuU = T, 5" 7 7 5 5 B
Turbidity NTU 0.65 D95 - . oM - D5 0.3 027 0.42
Hardness CacO3 . -  mgl 102 144 161 153 134 140 87
Hardness (Total) CaCO3 mgll - 104 151 - 183 164 142 146 89
__Total Suspended Solids mai <1 - <1 =<1 <1 <1 <1 <1
Total Alkalinity CaCO3 - mgL 4.3 LT 113 112 133 135 . 92.1
Dissolved Sulphate SO4 mgL 17.3 583 - 494 54.1 214 218 - 78
Ammonla Nitrogen N mg/l <0.01 0.02 0.02 0.01° 0.1 0.0t 0.07
____ Maetals Analysis . :
Total Aluminum Al __mglL 0,031 0.026 _0.01 0.012 0.014 0016 - . 0.017
Total Antimony St mg/L <0001 <0001 <0001 <0001 <0001 <D.0DO1 <0001
Total Arsenic As mg/L’ < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < D.001 = 0.601
Total Barlum Ba mg/L 0.05 0.054 0061~  0.084 0.084 . 007 0.048
Total Baryilium Be mg/lL <0001 ° <0001 . <0D.001 < 0.001 < 0.001 <0001 . <0001
Total Bismuth Bi ~_mgiL <0001 <0001 <0001, <0001 <0001 <0001 <0.001
- TelalBoronB mgl - <005 .. <005 - <0.05 <0.05 <0,06 < 0,05 < 0,05
Total Cadmium Cd mg/L. <00002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002
_Tolal Caklum Ca mgll - 30 441 44.8 48 38.4 403 = 262
. _Tetal Chromium Cr maL < 0.001 < 0.001 < 0.001 <0.001- <0001 . <0.009 < 0.001
Total CobaltCo  ~ mglL <0001 <0001 <0001 <0001 <0001 <0001 _ <0.001
Total Copper Cu. mg/lL <0001 <0001 =0.001 0.002 <0001 - 0.001 < 0.001
Total lron Fe | mgil - 018 0.28 027 0.14 0.07 D1 D.1
Total Lead Pb mg/l. <0001 <0001 ~<0001. <0001 - <0001 <0001 <0.001
Total Lithium LI mgi 0.005 0.004 - - 0.004 0004 - 0.002 0.002 0.004
Total Magnasium Mg mg/L 7.07 10 9.89 106 106 11 5.74
Total Manpanese Mn mg/lL 0.028 0.5 0.33 0.13 0.014 0.011 a.008
" Total Mercury Hg. ugiL <0.02 <002 .- <002 <0.02 <002 <002 <0.02
Total Molybdanum Mo mgiL 0.0006 - <00005 <0.0006 0.0007 0.0012 0.001 < 0.0005
Tolal Nickel NI _mgl = 0.001 0.002 D.002 0.001 < 0.001 < 0.001 < D.001
Total Phosphorus PO4 mg/lL <0.15 <015 <015 . <0.15 <0.16 <0.15 <0.15
Total Potassium K mg/L 0.8 1.3 13 14 12 12 9.7
Total Selenium Se mg/l . <0.001 . <0.007 < 0,001 = 0.001 < 0.001 < 0.001 <0.001
Total Silicon Si02 mg/l 108 ‘9.8 ‘9.4 8 9.8 9.9 108
. Total Siver Ag _mgi <0.00026 <0.00026 <0.00026 <0.00025 <0.00026 <0.00025 <0.00026
* Total Sodium Na .~ mglL 285 . 438 42 422 2.05 2.03 2.28
“Total Stroniilum Sr mg/L . 012 0.17 - 0.17 0.18 011 - 0.11 0.1
Total Tellurium Te mg/L <0001 <0.001 <0001 <0001 <0001 '<0001 <0.001
Tetal Thallium T1 mgiL <0.0001 <0.0001 <00001 -<0.0001 -<0.0001 <0.0001 <0.0001
Total Thorium Th mg/L <0.0005 <0.0005° <0.0006 <0.0005 <00005 <0.0005 <0.0005 -
Tolal Tin Sn mg/L <0001 <000f <0001 <0001 ~ <0001 <0001 <0.001.
Tolal THanium Ti _ mall 0.002 . .0,001 < D.001 <0.001 < 0.001 0.001 < 0.001
Total Uranlum U _ mg/L 0.0013 0.0015 _ .0.0014 0.0014 0.0015 0.0018 0.0011
Total' Vanadium V mg/L <0001 <0001 <0001 <0001 . <0001 <0001 . <0.001
Total Zinc Zn mg/l 0.01" 0.018 0.012 0.008 < 0.005 <0005 <0.005
Total Zirconium Zr mgiL <0.01 <0.0 <001 <0.01 <001. <001 <0.01




APPENDIX A WATER QUALITY DATA JULY 2004
Sample ID R1 R2 R3 -R4 RS - R RT
CANTEST ID 407220055 407220056 407220057 407220058 407220059 407220080 407220061
Oate Sampled 7/19/2004  7/16/2004 7/20/2004 7/20/2004 7/20/2004 T7/20/2004 7/2042004
Parameter Units e : : F . - "
Dissolved Aluminum Al mg/L 0.009 0.008 < 0.005 0.008 ~ <0005 <0006 0.007-
Dissolved Antimeny 8b mgl. <0001 <0001 <0001 <0001  <0.001 <0001  <0.001
Dissolved Arsenic As mgA <0001 <0001 <0001 <0001  -<0001 <0001 <0.001.
- Dissolved Barium Ba . mgL = .0.05 0.051 0.049 0.06 0.062 0.085 0.047
Dissolved Berylllum Be mg/L <0001 <0001 <0001 <0001 <0001 <0001 <0.001
Dissolved Bismuth Bl mg/L <0001 <0001 <0001 <0001 <0001 <0001 -~ <0.001
Dissolved Boron B mgiL <0.05 <0.05 <005 . <005 <0.05 <0.05 <0.05
Dissolved Cadmium Cd mgl . <0.0002 <0D.0002 <00002 <00002 <0.0002  <0.0002 <0.0002
Dissolved Calcium Ca _mpl 203 42 4.4 44.7 871 . 984 256
Dissolved Chromium Cr mgil <0001 <0001 <0001 <0001 <0001 = <0.001  <0.001
Dissoived Cobalt Co mgiL <0001 <0001 ° <0001 <0.001 <0001 <0.001. <0001
- Disgolved Copper Cu mg/L <0001 <0001 <0001 . <0001 <000f =<D.D0Of <0.001
Dissolved Iron Fe mg/. <008 0.18 0.14 . 011 - =005 -<DO5 . 007
Dlssolved Lead Pb mg/L <0001 - <0001 <0001 <0001 <0001 <0001 - '<0.001
Digsolved Lithium LI mg/L . 0.004° 0.004 0.004 0.003 0002  0.002 0.004
[Dissolved Magnesium Mg mg/L. 8.94 9.37 9.65 8683 - 104 108 5.59
Dissalvad Manganasa Mn mgi 0.012 047 0.31 0,13 0.01 0,005 0.004
Dissolvad Molybdenum Mo mg/iL <00005 =<0.0005 <0.0005 0.0008 0.001 0.0041 < 0.0005
Dissolved Nickel NI ~mg/lL <0.001 0.002 0.001 0001 <0001 . <0.00f  <0.001
Dissolved Phosphorus PO4 ~ mg/l. «015. =D.J5 <0.15 <015 <015 =015 © <015
Dissolved Potassium K _mgiL - 0.8 -1:1 1.3 1.4 4 - 12 0.8
Dissolved Salenium Ss mg/L <0.001 <0001 <0001 <0001 <0001 <0.001 __ <D.001
Dissolved Slliicon SIO2 mgl - 108 0.3 8.3 8.4 9 .98 102
Dissolved Stiver Ag - mgh  <0.00026 <0.00026 <0.00026. <0.00025 <0.00025 "< 0.00 < 0.00026
Dissolved Sodium Na _mgn 263 4 41 - 389 198 197 222
Dissolved Strontium Sr mg/L 0.12 0.18 0.17 016 - 0.11 0.1 0.089
Dissalvad Tallurium Te mg/L < 0.001 <0001  <0.001 < D.001 <0001 <0001  <0.001
Dissolved Thallium Ti mgAh. ~ <00001 <00001 <O00001 <0.0001 <0.0001 <0.0001 <0.0001
Dissolved Thorum Th mg/L <0.0005 <0.0005 <0D.0005 <0.0005 <00005 <0.0005 - <0.0006
Dissolved Tin Sn mg. - <0001 . <0001 <0001 <0001 <0001 ' <0001 <0.001
Dissolved Titanium Ti __mgiL <0001  <0.001 <0.001 . <0.001 <0001 <0001 ~ <0.001
Dissolved Uranium U mg/L 0.0012:  0,0014 0.0014 00013 - 00014 - 0.0015 0.001  °
Dlssolved Venadium V mg/L <0001 <0001 <DOO1 <0001 ‘<0001 <0001  <0.009
Dissolved Zine Zn - mgl 0.008 0.015 0.01 - 0.007 <D00E <0005 " <0.006
mg/L <0.01 < 0.01 <0.01 <0.01 <001 - =001 <001

Dissolvad Zirconium Zr



APPENDIX A : WATER QUALITY DATA AUGUST 2004

Gllent: - Anvil Range Mining Corporation
Download Dalé; ©/1/2004
Project Name: Twice a year
Project Number:
Samplas recelved: B/26/2004

TABLE: Results of WATER Analyses

Sample 1D - R1 R2 R3 - Ré RS RE RT

-CANTESTID 408260443 408280444 40B260445 408200446 408260447 408200448 408260440
Date Sampled 8/23/2004 8/23/2004 = B/23/2004 8/23/2004 B/23/2004 8/23/2004 8/23/2004
Parameter : Uniis ‘ LT : ;
Conventlonal Parameters ' 2 &% : : 5 :
* pH, Laboratory pHunils  7.88 7.79 791 - 798 812 8.1 7.8
Conduclivity uS/cm 228 837 545 . ' 489 ‘209 203 187
True Color cu = <5 <5 - <8 <5 <5 5 5
 Turbldity : NTU - D.B1 22 1.8 11 13 . D44 0.52
Hardness CacoO3 mgiL. 102 206 255 222 156 = 152, 81
Hardness (Total) CaCO3 moiL 110 209 268 233 159 16 - 98
Total Suspended Solids mg/L =1 3 <1 <1 3 <1 <1
. Total Alkalinity CaCO3 mg/L 894 - 123 124 121 142 143 958
*  Blcarbonate Alkalinity HCO3 mg/L 121 150 151 147 174 174 17
Carbonate Alkalinity CO3 = mag/L <05 <05 - <«D5 | <05 <05 <05 ' <05
Hydroxida Alkalinlty OH mg/L <05 <05 <D5 <05 <05 . <0.5. <05
Dissolved Sulphaie S04 mgiL 10.9 240 i80 ~ 148 = 2B7 21.3 72
" Ammonia Nitrogen N mg/L 002 0.28 0.11 0.03 <001 <0.01 <01
Malals Analysls .
Total Aminum Al mgiL. 0.007 0.021 0.007 < 0.005 0.01 0.014 0.023
Total Antimony Sb mglL <0001 <0DO1 <0001 <0001 <0001 <0001 <0001
Tolal Arsenic As mgl <0001 <0001 <«<0.001 <0001 <0001 - <0001 <0.001
Total BarlumBa - - mgll. 0.052 0.048 0.053 0.074 0.074 0.076 0.051
Total Berylllum Be . mg/L <0.001. <0001 <0.001 <0001 <0.001 < 0,001 <10.001
Totat Bismuth Bi - mgl <0001 <0001 <0001 <0001 <0001 <0001 <0.00
Total Boron B A mglL  <D.05 <0.05 <0.05 <0.05 <005 © <0.05 <0.05
Total Cadmium Cd . mg/ll - <0.0002 <0.0002 <0.0002 0.0006 00005 <0.0002 <0.0002
Total Calclum Ca mgl 322 . BG.8 78.1 B7.7 - . 448 439 - 28 -
Tatal Chromlum Cr mg/l. <0001 <0.001 <0001 <0001 <0001 <0001 <0.00
Total Cobalt Co - mgl. <000t 0002 0.001 <0001 <0001 <0001 <0.00
Totaf Copper Cu ma/L < 0.001 0.001 0.001- < 0.001 0.001 < 0.001 < 0.001
Total Iron Fe mgiL 0.38 051 - 0.3z 02 . .02 0.18 0.1
Total Lead Pb mg/L  <DO01 <0.001 <G.001 0.001 <0.001 < 0.001 < 0.001
Total Lithium Li mgiL 0.004 0.04 0.008 0.008 0.002 0.002 0.005
Total Magnesium Mg mgiL. - 718 . 20 176 155 1.5 1.3 8.18
Total Manganese Mn mg/L 0.002 1.08 1.11 0.47 0.032 0.011 0.008
- Tatal Mercury Hg | wgk | <002 <0.02 <002 <002  <0.02 <0.02 <0.02
Total Molybdsnum Mo mg/L  <0.0005 00008 . 0.0008 0.0007 0.0014 0.0011 0.0008
.. Toltal Nickel NI mg/L < 0.001 0.005 0.004 0.002 <0.001 < 0.001 < 0.001
Total Phospharug PO4 T mg/l <015 <0.16 <0.15 <0.15 <015 <0.15 <0.45
Total Potassium K mgiL 08 26 23 2 .13 1.3 0.7
Total Selenium Se g/ <0001 <0001 <0001 <0031 <0001 <0001 <0.001
_ Total Skicon SIO2 ’ mg/L 10.3 p.3 8.8 . A 2.7 10 114 .
Total Silver Ag mgll.  <0.00025 <DD0O025 <«<0.00025 <0.00026 <0.00025 <0.00026 < 0.00025
. Total Sodium Na mglL 250 876 833 8.73 2,14 197 25
Tatal Strontium Sr mg/L 0,14 0.3. 027 024 - 0.13 0.13 ‘012
Total Telludum Te - mgiL <0001 <0.001 < 0.001 <0001 <0.001 < 0.001 < 0.001
Total Thailium Tl : -mgil <D.0001 <00001 <Q.0001 ~<0.0001 <0.0001 <0.0001 <0.0001
Total Thorium Th ‘mgll.  <00005 <00005 <00005 =<0.0006 <0.0005 <0.0005 <0.0005
Total Tin Sn mg/L <0.001 < 0.001 < 0.001 < 0:.001 < 0.001 < 0.001 < ().004
Total THanlum Ti : mgl . <0001 0.001 <p001 <0001 <0001 - <0001 <0.001
Tofal Uranium U . mgA. 0.0013 00017 o00Di6  0.0015 00017 00017  0.0011
Total Vanadium V mg/L <0001 <0001 ° <0001 <0001 <0O00i <0001 <0.001
-Total Zinc Zn mg/L 0.011 0.058 - 0038  0.013 0.008  <D.D03  <0.005

Total Zirconium Zr mg/l. <0.01 <001 = <001 < 0.01 <0.01 <0.01 <0.01



APPENDIX A " WATER QUALITY DATA AUGUST 2004
. Client: - Anvll Range Mining Corporation
Download Date: 0/1/2004
Projact Name: Twice a year
Project Number:
Eemples recelved:’ B/26/2004
TABLE: Results of WATER Analyses
Sample ID Ri ‘R2 R3 - R4 R6 Ré R7
CANTEST ID 408280442 408260444 400260445 408200440 408260447 408260448 408260440
Data Sampled ™ ‘ 8/23/2004 B/23/2004 8/23/2004° B/23/2004 6/25/2004 B/23/2004 6/23/2004
Parameter Units - : . : ‘ :
Dissolved Aluminum Al mg/lL 0008 - 0018 <0005 <O0.005 g.008  0.007 0.005
- Dissolved Antimony Sb mg/L < 0.001 <0.001 <001 -<0.001 <0001 <0001 <0.001
Dissolved Arsenic As mgi <0001 <000 <0.001 - <0.001 < 0.001 < 0.001 < 0.001
Dissolved Batium Ba mgl  0.048 0.046. 0.052: 0.072 0.074 0075  0.043
Dissolved Beryllium.Be mg/L <0001 . <0001 <0.001 < 0.001 < 0.001 < D.0D1 < 0.001
* ' Dissolved Blsmuih 8I- ‘mgl. <0001 © <0.001 <0001 <0001 <0001 <000 <0.001
Dissolved Boron B mgL <005  <DO5 <005 <005 <006 <005 - <005
Dissolved Cadmium Cd mg/l. ' <00002 <0.0002 <00002 <0.0002 <0.0002 <0.0002 <0.0002
Dissolved Calclum Ca - mgl 30.2 88 748 65 438 427 . 2441
" Dissolvad Chromium Cr mgil < 0.001 = 0,001 < 0.001 < 0,001 <.0.001 = 0.001 < 0.001
Dissolved Cobalt Co mgh  <0.001 0002 © 0001 <0001 <0001 <00M  <0.004
. Dissolved Copper Cu mgiL < 0.001 < 0,001 < 0.001 <0.001 <0.001. <0.001 < 0.004
. Dissolved tron Fe .- mgiL 027 - 043 0.32 0.17 0.19 018 . 012
Digsolved Lead Pb mgl. | <0.00f <0001 <0001 <0001 .<0.007Y <0001 <0001
Dissolved Lithium LI mg/L 0.004 0.008 0.008 0.008 0.002 0.002 0.004
Dissolved Magnesium Mg ma/l. 847 19.8 18.7 14.5- 114 1 5.1
Dissolved Manganese Mn mg/L 0.06 187~ 1.08 0.45 ¢.0z9 001 . 0008
Dissolvad Molybdenum Mo mgl ~ <00005 00008 00007  0.0007 0.001 - 0001  <0.0005
- Dissoived Niokel NI . mgl < 0.001 0.004 0.003 0.001 <0.001 <0001 <0.004
Dissolved Phosphorus PO4 mg/L <0.15 < 0,15 <0.15 <015 <015 - <015 <015
Dissolved Potassium K . mgl ‘0.8 28 22 18 12 . 4.2 05
Dissolved Selenlum Se mgl = <0.001 <D001 ~ <0.001 < 0.001 <0.001 © <0001 <0.001
Dissolved Sllicon SIO2 mgll - 0.4 9.2 . 81 7 B7 b4 ' 94 94
Dissolvad Sliver Ag mg/l.  <0.00025 <0.00026° <0.00026 <0.00025 <0.00025 <0.00025 <0.00025
" Dissolved Sodium Na mg/L 2.29 0.6 7.7 6.91 2.08 1.80 2.08
‘Dissalved Strontium Sr - ma/l 0.13 0.20 - 0.27 023 . D.13 0.13 0.008
Dissolved Telludum Te _mg . <0001 <0001 <0001 <0.001 <00 <0001 <0.001
Dissolved Thallium TI mg/L <00001 <00001, <0.0001 <00001 <00001 <0.0001 <0.0001
Dissolved Thorlum Th ‘mg/L <0.0005 <0.0005 <0.0005 <0.0005 <00005 <D.0005 <0.0005
Dissolved TIn.Sn - mglL  <0.001 <0001 <0001 <0001 <0001 <000 <0.001
Dissolved THarfum Ti mg/iL <0.001 . D.0O1 <0001 <0001 <0.001. <0001 ° <0.001
Dissolved Uranjum U mg/L 0.0012 0.0017  '0.0016 0.0014 0.0017 0.0017 0,0008
‘Dissolved Vanadium V mgA. | <0.001 <0001 <0001 <0001 <0001 <00 <0.001
Dissolved Zinc Zn ‘mg/L 0.007 . 0.057 . 0.034 '0.01 <0005 <0005 <0.005
. Dissglvad Zirconlum Zr mg/L <0.01 <0.01 < 0.01 <0.01 <0.01 <0.01 < 0.01
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AFPENDIX B

‘ Sampla.lD

R-1A
R-18
R-1C

sSD.

R-2A -
R-28
R2C
Mean:-
sD.

R-3A
R<3B
R-3C
Kean:
S.D.

R-4A
R-4B
R-4G
Mean:

R-5A
R-58
R-5C

8.D.

R-5A

R68 -

R&C |
Mean:

R-TA
R-7B
R-7C
Maan:
s.0.

BH

78
7.7
186
78

" . 0068

78

a1
7.9
0.3

76

7.4
7.7
03

7.6

7.8

1.8
0.2

78

0.1

81
82
a1

a4

7.9
7.5
7.9
78
02

' 8b

o7
<01
<01

ar

18
89
94
121
512

16

186

198
42

152

185
158

16:1

12¢
138

STREAM SEDIMENT METALS DATA 2004, CANTEST LABORATORY

Ba
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137
136
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88.00
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586 °

483.3
1954

-390
%
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2200

141.0
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=07
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2527
1383
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107
142.9
3.5
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<1
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0.5
0.1

a8

41
350
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"85
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1w
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487
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J8.7
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M
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€0.5
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1253
10733
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216
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151
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0.05
0.04.
0.1

0.08

0.16°
0.22

0,16

02
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0.1 '

'0.06
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APPENDIX B : N STREAM SEDIMENT METALS DATA 2004, CANTEST LABORATORY

Sample D  Sn v _ In Al B Ca _Fa Mg . ¥n PO4 . K Na _Sr Ti Zr
R-1A <5 2 335 13400 <1 5840 28800 5870 2520 . 2170 1260 204 43 335 1
R-B © <5  -20 138 10200 <1 3BE0 16400 4380 1080 1910 949 218 38 248 1
R-1C <5 21 i35 11000 <1 3670 18800 4810 1170 1580 - 1030 205 42 284 2
-Mean; 243 2033 115333 ‘ 44833 200887 49487 - 43000 20867. 10797 2080 410 2817 13
s.D. 666 19481 . 168533 110884 544549 88561 80066 61438 16134 €89 - 285 41.06 0,58
R-2A <5 29 30% 12800 <4 5400 25500 7280 1560 2150 1190 208 34 - 286 2
R-2B <5 o33 539 15100 1 7530 20500 . 6830 3310 2300 1580 201" 42 416 1
R2c .. 14 28 - 807 11700 2 11000 27500 5110 2860 2080 1320 179 . 50 335 2
Mean; 140 303 4823 132333 1.5 TE7ET  Z75000 64067  2576.7. 21767 | 13833 1063 °.0 345.7 1.7
sS.D. 23 - 1807 17243 [ &g 28288 20000 11453 9068 1124 1988 155 . 80 . 657 0.8
R . <§ 29 502 12700 @ <9 6660 | 26200 © 5800 6410 2940 1210 196 . 40 309 1
R-3B <§ 26 - 400 . 11700 <1 4120 23800 5850 . 5120 1700 1200 170 3 24 E
R-3C <§ 24 227 a0vo <1 B24D 22400 3060 923 2040 579 - 121 . 26 275 3]
Mean; 26.3 3783 108233 . 83400 241333 51700 41510 42933 9963 1500 37 2693 1.7
8D, 25 1360 24363 ' 207868 18218 © 11348 20650 41168 3815 338 . T4 428 1.2
R4A <5’ 30 300 9830 <1 5280 22900 5100 2180 3880 780 150 . 28 - 358 <1
R-4B <5 24 294 9730 <1 4230 19000 4830 2810 2130 75 178 3 239 41"
R4C . <5 25 2687 10100 <1 4850 18500 © 5020 2480 2570 &1 178 . 32 281 1
Masn: 26.3 2037 08887 43233 204667 40833 24833 28967 8333 1600 ata3 283.0 1.0
s.0. 32 65 1914 8412 324 1387 3156 8BS 1048 165 21 ‘809 0.0
R-5A <5 a7 82 10000 1 4430 17800 - 4980 825 370 799 41 . 27 21 . 2
RSB 40 a8 242 11800 1 76300 236000 5330 . 2630 3080 1030 . 148 3B 3% 1
R-5C . <5 33 311 8570 <1 4230 . 15300 4120 . . 1000 2880 - 1180 121 20 §5. - 3
Mean;: 400 360 2120 100887 1.0 54500 202667 48100 15183 30400 0963 1367 217 W73 20
S.D, 28 1189 15138 0.0 18824 20704 6227 96836 1800 1828 = 140 80 . 1549 1.0
R-6A <5 40 B2 10700 <1 7270 23100 5210 1150 3380 897 453 33 275 2
REB" <5 40 ST - H20 <1 3860 19600 4580 . 811 - 270 88 ~ 123 23 183 2
R-EC. <5 29 46 6830 <1 2040 13400 . 3080 608" 2240 676 % . 1 s R
Maan: . 383 883 88487 46000 187000 42933 8807 28033  B20.7 1240 247 1977 2D.
sD. . 84 184 20518 ' 2012 49122 10887 2718 5O, - 1263 285 18 7.4 0D
R-7A <6 a1 82 11500 <1 4380 22000 5670 @ S24: 370, 1120 147 25 243 3
R-7B <§ - i) . 8§ M0 ¢ <1 4710 19400 - 4050 881 590 1280 101 - 30 403 1
R7C "5 - 26 o7 9410 <1 -4180 15800 3140 621 - 3120. 978 a7 25 az - 1
Mean: T30 783 107033 = 44100 193607 42867 B087 20033 - 11200 1150 287 320 AT

sD. - - &7 100 1301 2184 3804 12815 - 1635 3673 B9 . 278 29 8@ 42
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APPENDIX C

Samplo Site: -
Fines spiit {o:
Coarse splil to:

PHYLUNM ARTHROPODA
Class Inseota
Order Ephemeraptera
Famiy Siphlonuridag
Ameletus gp”
. Famlly Baelldee
Baelle sp ‘
_ Family Heptageniides
Clnygmula ap
Epoorus (iran) sp
Heptagenia sp
-, Rhlthrogena sp
Family Ephemarellidae
Drunella dodds!
Drunella favilinaa
Drunetia grandis
Ephemerelia sp
Order Plecoptera
Famlly Capniidas
Capniasp ~
- Famlily Perlodidas
Isoperia sp
Skwala curvata
‘Skwala paralelia
Megaroys sp
Family Leuctridas
 Leuctra sp
Family Chioroperiidas
Sweltsa sp gp
Family Tasnlopterygldae
Tasnlonema sp
Family Nemourides
Zapada ap

Order Trichoptera

‘Family Uimnephliidas JD

Family Hydropsychidas
Arctopsyche sp
Family Brachycentridas
Brachycentrus sp
Family Limneptiidas
Dicosmoacus sp
Family Rhyacophllidas

Rhyacophile acropedes or vao

Rhyacophila angelita

Rhyacophila hyalinela

Rhyacophila sp .|

Order Diplera
Dipters Unid L {terr.)
Diptera Unid A
Famlly Chironomidae
Chironomidas Unld L
Chiroriomidaa Pupas
< Chironomidae Aduk .
Sub Family Orthocladinae
Erilita sp ‘
Cardlodladiu sp
Conynoneura sp
Cricotopus sp
Eukiefferiella sp
Euryhapels ap
Synorthocladius sp

Unid = unidentified  J = juvenile

BENTHIC MARCRO-INVERTEBRATE DATA, 2004

Ria "~ Rib Rfic
“1B2 . MB4 1184

2024 1420 472
72 4 69
1
N
24 a2 B
72 4. 1
4 10
218 27 163.
16 1 1
80 24 78
1
1 5
258 198 4%
864 332 623
112 40 4.
B 2
-
2 3
1
1
;
|.1
10084 7600 8028
R !
8
1000 1256 1087
872 448 @16
40 120 453
8

R2a
1732

16803

13

4TT7

© 243

772
a3
32

RZb R2c
132 /84
1230 3172
1
3
2
3 3
12 28
a3 .
23 27
1 4
1 1
1 8
242 485
a3 5
1 42
7 B
3 1
2. 1
3718 9130
1
T 184 439
B57 1783
32 4

Pupupae L=Larves A=gduk D=damaged

R3a R3b R3c
i1e 118 13z

1

2148 2051 6467,
2

6 k"

5 9 28

6 -3 3

® 1+ 1
18 1

7 s 2

1 7 .2

4

12

3 17 @8

61 342’ 519.

5 0 4

28 41 - 8

1 '

13 17 20

1T 1 2

65 33 a3

1878 2880 472@

18 M

85 211 304
384 o8R0t

100. 490 7.

14
16

8.

181

348

Rdc
e
i 9
24 B
8 4
B 16
2
56
2 4
1 20
18. - 10"
3
1
1
2
w17
7 24
2
Ia.
2 1
1
1
270 863
4 18
180 222
12

2



APPENDIX C

Sample Site:
Flnee epiit 1o:

Coarse apiftto:

Thienemanniella sp

Sub Fomlly Diamesinas
Dlamosa sp

Sub Family Chlronominee
Mioropsacira sp
Pagastislla sp
Rhaotanylarsus sp -

_ Bub Famlly Tanypodinaa

Thisnemannimyia ap :

Famlly Ceratopogonidas
Culicoldes sp ’
Mallochohedla &p

Family Empididae
Cheffera sp

Femlly Muscidas
Limnophora 8p.

Family Peychodidae
Paricoma sp -
Family Scimyzidaa L

Famfly Simulldaa
Prosimulium sp L
Proalmullm sp P
Simullum sp L
Simulium sp P

Family Tipulldaa
Dicranola sp

Order Homoplera
Homoptara Unid Tarr
Femmlly Aphididas

Ordar Coleoptera Unid L

- Claas Arachnida
Order Hydrecarna
: Hydracarina Unid JD
‘Lebertia zp
Noumannla sp
" Sperchon’'sp
Torrenticola ep
Unioneola sp

Class Crustscea
‘Sub Class Copepode
Sub Order Cyclopolda

Sub Class Ostracods
Candona sp

PHYLUM ANNILIDA

Ciass Hirudinea
Phalcols sp

* Glsas Qllgochasta
Family Enchytrasldas
- Family-Naldidas :
__Chaetogaster sp

Class Archisnnellda
cf Trogochetus 8p

PHYLUM NEMATODA
PHYLUM MOLLUSCA

‘Unid = unidentified = Juvenile

BENTHIC MARBRQ-IRVERTEBRAT_E DATA, 2004

R1a R1b Rl¢
192 /184 184
&4 128
| 2284 1865 2274

8 B4
280 257 384

|

& .1
72 :
24 3 .65
48 1
g0 1 68
192 64 128
T2 [-.§ 3
B E 3

4 B4
738 286 221

8 1
B 84
64 64 192

130

576

64

1058

128

320

R2a RZb R2c
102 a2

184

480 1030 _

2 &4
a

880 1182

108 79

- 37, 192
-2

P=pupas Le=Llarves A=adult D=damaged

R3a R3b R
C1HB IMB 1732

1334 528 2087

cagc

18 ;
o4
2 1 z
1
1 18 1
9
&
B51 116 672 -
32 48 224
18 18
2 9
33 96 - 8
18

Rda R4b R4

172

144

M

B & B

4o 4

: 1

B -3 1
12 20
-4

152 200 138

12

21



APPENDIX C BENTHIC MARCRO-INVERTEERATE DATA, 2004

Sampls SHa: Ria Rib Ric
Fines epid to: 132 Ne4 164
Coarss pllt 10:

Ciass Bivatvia
Family Peldlidaa
Sphaerum ap 8

Claws Gastropoda
Order Prosobranchia
Famlly Valatidea .
Valvata sincéra 8

PHYLUM CNIDARIA

Class Hydroza

Corder Hydroida
Hydra sp

Fish (v.orteb'rate)
~ Gottus cognatus

o 21300 14167 16724
TOTAL PER SAMPLE: 42800 28334 30448
TOTAL PER SITE: 110382

TAXONOMIC RICHNESS PER SAMPLE: 87 32 30
TAXONOMIC RICHNESS PER SITE: 49 !

R2a RZb RZe
U2 132 14

11820 7780 18833
23240 15678 37268
78084

3 38
43 i

Unid = unidentified Jejuvenlle Pepupse L=Llervas Awmadulf D= demaged

R3a R3b R3e
16 116 132

6095 7433 16408
43700 14866 32006
81652

3 2 3
41

R4a Rdb Rdc
w2 4

1

2300 o906 1881
4610 1800 3322
2830

30 20 35
44



" APPENDIX.C

Eample Site:.
Finas split to;
Coarge aplﬂ to:

PHYLUM AHTHRCIPDDA

Class Invecta

Order Ephamsaroptara

Famlly Siphlonuridae
Amelatus sp'

Family Baetidas
Baetls 8p .

Famity Hlphganil:hn

" . Clnygmulasp

Epaorus (Iran} sp
Heptagenka sp
Rhithfogena ap

Famlly Ephemeraliiidas
Drunella dodded
Drunella favilinea
Drunalla grandls
Ephemerelia sp

Ordsr Plecoplera

Family Capnildpa
Capnia sp

. Family Perlodides

lscperia sp
Skwala curvata
Skwala paralella
Magarcys sp

Family Leuctridas
Leucira sp

Family Chioroperidaa
Swaltsa ep gp

Famlly Taenioplerygldae:
Tasnlonsma sp

Famlly Nerouridas

. Zapadasp

Order Trichoplara
Family Limnephilidas JD
an}ly Hydropsychidas

Arclopayche sp
Famity Emmmm
Brechycantrus sp
Family Limnaptiidas
Dicosmoecus ap
Femity Rhyacophilldea

Rhyacophile acropades of vao

. Rhyacophlle angedita
Rhyacophliia hyalinats
Rhyacophilasp J

Order Diglara
Diplara Unid L {temr.)
Diptera Unld A
Family Chiranomidaa
- Chironomidas Unkd L
Chironomidasa Pupse
; Chironomidas Adult -
Sub Famlly Crthocladinae
- Brillim ap
Cardiociadius sp
Corynonaura ap
Cricotopus sp
Euklefterisfia sp
Euryhapsls ap
Synpnhodadlua B

Unid = unidentified J =Juveniia

BENTHIC MARCRO-INVERTEERATE DATA, 2004

P = pupae

‘Rfa RSb RBe-

Lelavaa A=adult

1”7

1 3 4
16 8 4
18 19 20
36 2

1

2 2 2

1 .-3.

1 8 4
13 14 .
8 6 2
2. 1 9

1
2
1

1
17 40 @
o
4 1 4

1 2
s §
o
172 20 364
o ;
18 11 42
89 189 173
2 &
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" APPENDIX G

Sample Site:
. Fines spli {a:
* Coarea spili to:

Thisnemannisila ep

Sub Famlly Diamesinae
Digmeas p

Sub Famlly Chironominas

_Micropsecima sp
Pagestislla sp’
Rheotanytarsua sp

Sub Family Tanypodinae’
Thisnemannimyla sp _
Family Caratopogonidee

. Culicoldessp -

. Mallochohalla sp

Farmlly Empldidas

- Cheitfera sp
Famity Muscidas .
_ Umnophom sp

Family Paychodidas
Parlcoma sp -
Family Scimyzidae L

Family Simulidse

* Prosimullum ep L
Proalmullin sp P
Smullumsp L
Simulium ap P

Family Tipulidaa
Dicrancis sp

" Order Homoptsra
. Homoptera Unid Terr
Familly Aphldidas

Order Coloptem Urdd L

Clsss Arachnida

Order Hydracarina .
Hydrecaring Unid JD
Lebertia sp

" Neumannla ap

Sparchon ap
Torrenticols ep
Unloncola sp

Class Crustacsa”
Gub Cless Copapods
Sub Order Cyclopalda

Bub Class Dstraooda
Cantona sp.
. PHYLUM ANNILIDA
' Class Hinrdinsa
Pisicola #p
Class Oligochaets -
Family En:hyh-ng!dn

Famlly Naldidae
Chaetogaster ap

Class Archiannelida
of Trogachetua sp

' PHYLUM NEMATODA
PHYLUM MOLLUSCA

Unid = unideniiied J = juvanile

EENTHIﬁ,MAHGRQ-,INVERTEBRATE DATA, 2004
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" APPENDIXC

Eample Site:.
Flnas spiit to:

Coarse sphit to; -

Class .B'lnMn
Family Psldlidze
Sphaerium sp
Class Guﬁm
Order Proaobranchia

Famlly Velvatidae
Valvata sincara

PHYLUM CNIDARIA
Class Hydroza :

‘Corder Hydrolda
Hydra sp

Fish (veriebmie)
Coltu’ cognatua

TOTAL PER SAMPLE:
TOTAL PER S(TE: -

TAXONOMIC RICHNESS PER SAMPLE:
TAXONOMIC RICHNESS PER SITE:

BENTHIC MARCRO-INVERTEBRATE DATA, 2004
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