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1.0 INTRGDUCTIO.N 

On ~ovembeF 81 1994 Anvil Ran~ Mining_ Corporation (Aflvll) was officially assigned Licence 
Number IN89-002, which w~ originally issued to 6urngh Resources Inc, by the Yukon Terri1ory 

\Vat~r 13oard. ~e !lli~e 'has hot opemted si11ce January 1998. Low metal prices (zinc and Jeag) and 

fihanciru difflculfo;s exp~rienced bY. Allvij !fidicated that this ~Josure had the pot<?ntihl to be long. 

term. On Aprii 21, 1998, E>eloitte, &. Touch Inc was appointed as the interim r~dver for tlie Faro 

Mi~~·property2 operatlons ahd assets. 

0n March 3Q,. 2064, Deloi,tt~ an9 ronch lnc ·was issued Licence Number QZ03~059 lo continue 
care and maintenance of the Anvil Range Mine site, and to conducL and/or manage additional 

studie5 and plans foranot.Qer :five years. 

To· cornpJy with Part G, Section 64 and Schedule B of the water licence, a biol9gical and sediment 

monitoring prosmm ·is to be unde(taken eve.ry two y~s on the Vangorda Creek system. Deloitte 

and Touch Inc contracted ·Laberge Environmen1al Services (LES) to conduct these probrrarns during 
• 

the stmrn1er of 2005. The followfog report presents all data collected and includes spme 

c.omp~sons with· past monitoring programs. 

,t,aJ~e. ENVIRONMENTAL SERVICES 1 



Biologleatehd Sedim.eni Monilonijp ct Vongo[tfa Crock; 2005 . . ·' .. ~ . . - - ' . . . 
.C 

The l~d .. ii.hc min~ nf!ar f arc:>, locaied at approximately 64° 20' N and fj3°· 2_5! W (Jii~e 1~? 
consists of ·threeppeo pfts~ Faro, Grum and Vangorga. 

i.1)e Gmm and V~gord"a d~posits wer~ e.xtr,icted within the Vangorda Cree!<- w~terSµ~q_:i!JlQ Oi~-Qf~ 

was transported via the haul road 'lo the-mili for coiic~ntrating. 11ie-following .four -5~P-Ub$" swi1J>h.'i, 
D:te 1Mated upstre~m and downstream of the mined ar~a Q'1g~·1J 

VU: Vangorda Cr~ek upstream of the Blind Creek R0ad and the Vangordapit. 

V27: Vang_orda Creek j_ust upstream of the confluence with. SIJrimp Cre¢k and 

downstream of all mjning reJnted.actiyify. 

VS: ·west Fork ofVangorda Creek upstream ·oflhe mine access road and downstream of· 

the haul road. 

v's: Vangorda Cr~ek Up!;itream of the bridge to the Faro town waler ~upply; ·and 

apprqximately 500 metres upstream of the c.onfluence with t11e Pelly River . 

..f.~ ENVIRONMENTAL SERVICE$ 2 
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BiO/OgiCDI ~nd Sediment MPfl/(orl~ ei Vimgo1rJe Creek, 2005 

-
3:0 METHODS 

3.1 Water Quality 

Water quality samples . .wefo collected on two occasions during the bioJogi_cnl monitming. program; 

on J11ly 19111 and 20th,, ruJd'9p f.~gast 24th and 251
h, 2:00~-

3.1.l Fjeld }0easli;remcnfa 

Jn-situ measuremen~~ wer.e taken at ench sjte durihg both surveys . . eonductivity and temperature 

were determined with an Orion conductivity meter model 126. Dfasolved oxygen readings arid pH 

measurements were taken using Accumet field meters. 

3 .1.2 Chemical Analys~ 

All sample bottle~ were $Upp1ied by C.antest Laboratories of Burnaby, B.C. and were provided lo 

LES personnel at t]le Fmo Mine Security Office. At each site, the· sample bottles were rinsed tl}ree 

times with the sample water prior to filling. Samples were collected in two litre plastic botlles for 

sulphates, alkalinit~, hardness, colour, turbidity and nonfilterable reside analyses. Ammonia 

samples were collected in ~00 mL plastic bottles and preserved with sulphuric aoid. Samples to be 

analyzed for total and dissolved metals were each collcoted in 250 mL acid washed plastic bottles. 

The totnl metals samples were preserved with nitric acid. The .dissolved metals samples were left 

unpreserved lo be filtered. and trented at tl1e Cnntest lnb. Snmples were kept cool prior to shipment 

to Cantest. 

3.2 Water Quantify 

Discharge was measured at.each of thl! sites on both vjsits. An area with a uniform cross section 

w.as chosen and the velocity and depth were measured using .A.nviJ's Global Waler model FPl 01 

in July and a AA Price: n)eter in August. Ten or more r~adings were taken across the profile of the 

stream. Total discharge was calculated as the sum of these individual discharges (area x velocity). 

3.3 Stream Sediment Sampling 

Triplicate sediment samples were collected from the four sites (VJ, V27, VS and V8) during the 

July visit. Sample sites were selected from an exposed area of the stream bank, generally 

,!_duup. •ENVIRONMENTAL SEA;VICE!S 4 
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Blo/ogicsl end S'1din~nl Monitoring el Vsngorda Cre~k. 2005 

characterized by Lhe finest grain size evident at the site. Samples w~re ct>llecte_d· with C!· siah\J~ss 
steel trO\VC] an·d p1aced in provided glass jars. The samples were packed on ice when shjp]?.ed to 

Cnntest in B.C. 

At the lab, the·samples were diied and passed through a 100 mesl1 (0.15 mm).stainless steel ·~~eve, 
The portion passing th.rough the stainless steel sieve was run Lhro.ugh ail ICP sc·an for t4e 

detem1ination o!'total metal concentrations. 

3.4 B~nthic Invertebrate Sampling 

3.4.J Field ~oUection 

Artificial substrate snn1plers were used for benthic invertebrate sampling. The bask~t &amplers 
were cylindrical in shape, mensured 26 cm long with a diameter of 17 c~1, and were.constq1cted of 

galvanized wire with a 1 cm mesh. Each .substrate sampler was filled with washed indjge~o\ls 

gravels collected from the stream bed or the bank at each sample ~ite. The sw[ace area provi~ed by 

this 'artificial substrate' ·was approximately 6000 ± l 000 cm2 (Baker 19~9). Three ro.ck filled 

samplers were submerged in riffle areas of the stream at ench site on July 19th or 20th, 2005. These 

samplers were 'left to colonize for five weeks. On August 24th and 25th, 2005, the artificial substrate 
srunplers were retrieved by placing n screened bucket with a 300 micron mesh, downstream and 

und~r the basket. On shore the basket W4S opened in the bucket. lndividµal rocks were then 

carefully washed in the screened bucket to remove and collect all invertebrates from tbat sample. 

The debris and ben1hk invertebrates remaining in the bucket were pla~ed in a one litre nalgene 

botLle and preserved with I 0% foanalin. These samples were sent 10 Chru-Jes Low PhD~ ~ 

entomologisl in Victoria, B.C. for enwuerotion and identification. 

3.4.2 Laboratory Analysis 

All samples were washed through two screens with mesh sizes 1 millimetre and 18.0 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 m~jority of the benthos was identified to the genus level. 

_t~ Et"VIRONMENTAl..SERVlCES 5 



BioJog}~l Bnd Sediment MOnitori~ pl VongoroEt Creek. ~005 

4.0 RESULTS AND OISCUSSION 

To aid in interpretation, sifo V27 Jias been J?laced after Vl ~c! prior ~o V5 fo all of the tables and 

g:raphs: V,27 'is geograppi~ally .located belo\Y Vl but is upstrean1 of the confluence with tl1e Wes_t 

Fork ofVangorda Creek. 

4.1 Water Quality. 

Water quality s~pl'es were collected in July and Augus~ 1005, at lht? four sites. The analytical 
results are presented 1n Appendix A. Sixteen elements w~re below the rnelhod detection limjt in all 

samples: mere-1uy (Hg),. antimony (Sb), beryllium (13e), bismuth (Bi), b.or<>n (B)i cadmium (Cd), 

clu·omium (C::r.)~ cob~t (Go), phospho!11s1 silver (Ag), tellurium (Te), thallium (Tl), thorium (Th), tin 

(Sn), vanadhun_ (V) and zirconium (Zr). 

Sc11edule B(3) ~pecific~Uy requi:sts the analysis of toUil bnrdn·ess, alkalinity, sulphate: suspended 

solids, ammoni~, and total and dissolved ]CP metals scan including copper, iron, lead and 2inc. The. 

results for these parameters are presented in Ta hie 1. 

4.1.1 Tempcrnture 

The temperature values reflected tl1e diurnal and seasonal timing of the sampling, ranging from 

6.8°C at VS in August, to 10.7°C in July at V27. 

4.1.2 Conductivity 

Conductivity, n measure of the total conceritrntion of ionic constituents in water, was low at Vl and 

significant1y higher at the other sites. The highest value of 596 uS/cm W'dS recorded at V8 in 

August. 

4.1 :3 pH 

AJl values were slightly alka,lj.ne. 

4.1.4 Alkalinity 

Alkalinity was low at VJ an<.1 V27 and considerably higher at V5 and V8. 

_t~ ENVl~0NMENTAL SERVICES 6 
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BlolOfJicsl Bnd Sedfment Mo11iton'ng at Van{jorda Creek, 2005 
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~ 

TABLE 1 
I 

WATER QUALITY DATA AT VANGORDA CREEK, 2005 
-

Sample Sile V1 V27 V5 V8 CC Mc 
11999\ 

D!lle. 20115 July 20 Augusl 25 Jutr 20 Auousl 25 July 19 Augu1125 July 19 l\UQU~l 24 

Temp •c 7,7 10 10.7 7.2 7,9 6.8 92 9.3 

ConilutUvUy (uS(cm) FloJd !l8 77 - - 417 492 -100 59G 
Conducllyllv (uStcm) Lab !i3 10 307 287 38'1 340 364 407 

pH ' Field 7,1 -- - - G.G' - 8,4 - G.5 • 9 
pH l;."Gb 7.5 - - - 8.3 """" 8,3 -
Ol~olvacl OJ1Y90n (mglL) 11.0 11.3 11 .2 10.0 11,6 11 .Q 10.7 10.9 9.5 11 

Di:llOIVed Oxygen (%) 102.0 98.0 101.0 07.0 104.0 104.0 99.0 ' 100.0 
I i 

Al~allnity I 
mg/L,11$ c:iC03 22.3 27-7 ~7.5 - 171 196 117 140 

cu: total <:0,001 <0.001 0,001 <0.001 0.002 0.001 0.001 0.024 0.003' 
Cu: dl&&olvod <0.001 -:0.001 0.001 <0.001 0.001 <0.001 0.001 <0,001 

Pb: Iota! ... 0.001 <0,001 <0.001 <0.001 0.002 <0.001 <0.001 0.002 0.0071 

Pb: dluolved <0.001 <0.001 <Q.00'1 <0.001 <0.001 <0.001 <0.001 <0.001 

Zn!· totol <0.005 <0.005 0.031 0.020 0.007 <0.005 0.011 0.011 0.03 
Zn; dlsliOlvod <0.005 <0.006 o.on 0.01B 0.007 <0,005 <0.005 O.Q05 

F11; '1obll <0.06 <0,05 <0.05 <0.05 0,56 1),25 0.23 <O ,OS 6.~ 
Fe: cllnotved <0.05 <0.05 <O 05 <0.05 b.07 <0.0~ 0.07 <0.05 

S11lpl).-.1~ 6.9 8.B 125 1<17 61.8 78.8 100 210 

Ammonia 0.08 0.03 <0.01 <0.01 0.U1 0.011 0.01 <0.01 1.0~· 

NF~ <1 <1 <1 <1 ~1 7 10 "'1 

Total H11rdness 23 29 159 200 ns 280 205 J20 
mg/I.es CeC03 

l'low 111'/soa 0.460 0.247 0.312 0,284 0.530 0.286 0.876 o.42& 

NOTE: All l_Jlllls oro oieprcned os m!VL urilQss lndlcoled olhorwloo. 
Voules In bold lndicalutl uxoooduooa of lhe CCME gu1d111!no for tl"oe protecllon ol l r111hW11tet 1qu1Uc life. 
• : GuldelJne derived for hardness > 180 m,oJL ps CoCOl 
': Guldcllno derived tor tempen1ture of 1o•c and pH of 8.0 

4 .1 .5 Dissolved Oxygen 

AJJ sites were well aerated on both occasions. 

4.1.6 Sulphate 

SulpJ1ate levels were very low at V 1. The highest concentration, 210 mg/L, occurred at V8 in 

Augl!st. SuJphat~ concentrations normally vary from l 0 to 80 mg/L in surfa~ waters (Canaaian 

Council of Resource nnd Environment Ministers {CCREM) 1987). 

.t_atur,.e ENVIRONMENTAL SERVICES 7 



·a;o/ogical and Sediment MOniloiing 81 Vangoroa Creek, 2005 
' I ' 4 

4.l.7 Ammonia 

AlJu\1op1n..J~ve]~. Were ·vety low and-met the CC~ guideline of ] .04 mg/!-. 
... -. . ... ,... 

4, 1.8 Ncm-f!lterabJe "Resi.due (NFR) 

Both V·J t¥td V'"/-7 had very cl~r watex~ on both occasions. The water W?S_ visunlly ql:lite turbid at 

V5 in July and hnd a, C911centration pf 41 mg/L of suspended mQtter. Condit!ons wer;~ ·improved 

further dowt!stream whe~? concet1tration of 10 mg.IL was docwnented at V~. 

4.J .9. Total Hardness 

Calci~ and magnesjurn are considered to be lhe primary contrjbutors to hardness but oilier cations· 

~Q'~h as stro'ntiwn, bariwn, mnnga.nese, iron and aluminum also contribute to total hardness. 1he 
Jjardness varied at each ·ofthe sites: Vl was very so~ V8 and V5 were very hard,. and V27 was ha.rd 

in July and v.ery hard ih August. 

4.J .1 0 T0ta1 and Dissolved Metals 

Most meta] concentrations were ve1)' low where detected. The Cnnadian Co~cil of Ministry of the 

Enviro1unent (CCME) has established reconunended guidelines for the proteclion of freshwater 

aquatic life. Nole that these g11idclines have generally heen established under labo·ratory conditions 

or at southern lo~ations. usually using aquatic species exotic to the Yukon. As such. the levels 
r~comrnended for squatic life are simply guidelines, and not standards. The gujdelines for copper 

and lead va,ry wi1h hardness (Table 2) as these metals tend to be more toxic:: to aquatfo life in softer 

waters. 

TABLE2 
cc.ME RECOMMENDED GUIDELINES FOR THE PROTECTION OF 

FRESHWATER AQUA TIC LIFE 

HARDNESS COPPER LEAD IRON ZJ:NC 
as CaCOJ mg/L mg.IL mg/L mg/L mg/L 

0- 60 soft 0.002 0 .001 0.3 0.030 

60- 120 moderate· 0.002 0;002 0.3 0.030 

120- 180 hard 0.003 0 .004 0.3 0.030 

>180 very bard 0.004 0.007 0.3 0.030 

.f.~ ENVIRONMENTAL SERVICES 8 
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Blo/og/cB/ snd ~edlmenl M?nilon'"nf! ~! Vorigottla Creek, 2005 

The guideline for copper was exceeded 'only in 1he total metals sample from V8 during the August 

monitorin~. 

Lead was only detected. ~n two samples where it !net the CCME guideline of 0.007 mg/L for very 
bard waters. 

TQe guide~ine for zinc is 0.030 mg/L irrelevant of h~rdness . This guideJjne was slighlly exceeded ih 

t11e July total !Tle~ls s~nple at V27 and at V8 in the August total metals sample. 

The guideline for iron .is 0.3, mg/Land was exceeded only in July at V5 in the total metals sample. 

4.2 Water Quantity 

Flows were measured at ~ach of the sites in July. and August. These dota are presented wjth the 

water quality data in Table. l. Flows were considerably lower in August than in July. 

4.3 Stream Sedimerii Quality 

4.3.1 Metal Analyses for the 2005 Stuvey 

Triplicate sirea.111 sediment samples were collected from each .of 1he sites fu July. The triplicates 

were averaged, and standard deviation was calculated to detennine the spread of the triplicates 

(Appendix B). Generally the replicates showed little spread andihus were representative samples of 

the sHes. Qf tl1e 29 metal.s analyzed.:- six were below the method detection limit in all samples: 

antimony (Sb), beryJlium (Be), molybdenlUl1 (Mo), silver (Ag), tin (Sn)-nnd boron (B). 

To conform with past studies, the metals copper, iron, lead and ;zinc were exnmined in greater 

detail. The mean concentrations of mese metals were compared lo the CCME (1999) interim 

freshwater sedjment quality guidelines (lSQG) and lo the probable effects Jevels (PEL) in Table 3. 

Concentrations greater tban the PEL hnve o 50% incidence of creating adverse biological effects. 

The stream sediments at V 1 had 1he lowest concentrations of all metals examined and met all 

applicable guidelines. The concentration of metals in the stream sediments at V5 also met all 

£!.J)plicable gi;lldelines. The JSQG was exceeded for lead and zinc at V8. The highest cpncentr.;ttion 

of the four metals was reported in the stream sediments at V27, whi9h would be expected as it is the 

most directly affected site of those sampled. The ISQO was exeeeded for copper and zinc at V27, 

and the PEL was exceeded for lead. 

.t_~ ENVIRONMENTAL Sl:RVICES 9 
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TABLE3 

SUMMARY-OF STREAM'SEOIMENT METAL CONCENTRATIONS, .2005 

STATION STATION COPPER LEAD l~ON ZINC 
NUMBER OESCRIPTl0N, (U!'li!'l) luo/ol (%) (OO/(I) 

' V-1 Vlir)larda Cr 1115 aU-mlnli'IQ aCltvlt~ __ • 17.0 19.-3 1.6 60 
~-

V-27 V11l'l{lOl'da Cr do/~ oc1lvilv ~ ~ l;tii.no Cf; _36.3 188 - 2.0 288 -

V-5 We•t F<Xlrol V:~Ct _ 25.0 20.7 1.7 88 
V·B _ v1~orde Cr ~Ill\ 600 m v/r. Polly R 34.7 74.7 !;_9 

- 192 - -ISQG 3§.7 35.0 1ZJ 
PEL 197.0 91 .3 315 

Noh~: ISQG ., lntcrjm fres~w<iW·Sedlment QuaUtYGIJldelJnes (exceedeneeS'itolicized) 
PEL" Probable Effect5. Le-~I (exceedenc0s, ~talicizcd ·an<11n b_oldl · -

-

4.3.2 Comparisons:w1tli Past Data 

Stream sediments were eo1Jected at these sites in 1993 (Buin$: 1993), in 1995 (Bums, l 996), in 

1997 (Burns, 1998), in 19'9.9 (Bums, 2000) in 2001 (Bun1st 2002) and in 2 003 (Bums,. 2003) as a 

requitemenl of the company's water Hcence. The data for selected metal$ are presented in Table 4 

and fo Figures 2, 3, 4 and 5. The 12 year average has oeen plotted for each metal in each graph. 

Metals in sediment are difficul1 to interpret bec.:ause levels can vary widely as a function of natural 

mineraliz.ation of locnl soils inn given watershed, making it difficult to obtain truly representative 

samples. The data over the, years bas ,generally fluctuated, notably ot V27. No trends can re-adily be 

produced,. however the{olJoWing obs_~rvations were noted: 

• There wru> a significant reduction in the concentrations· of all metals at V27 in 2005. 

• The concentratfons of copper and iron p,eaked in 1999 at V27 ~d have been steadily 

decreasing in the past six years. 

• Iron is r~latively·· ~imilar throµghoul the ye~ and at the siles
1 

with Vl and V27 ltavlng the 

greatest concentratl.ons. 

• Copper concentntlions have nol varied much al V5 and at V8. 

• Conce-ntrations of lead and zinc have generally been much greater at V27 than at the other 

sites: Lead Jevels have been consistently very low at Vl and V5. 

• Zinc concen~tions have remained fairly consistent at Vl and V5 . 

.£~ EflNIRONMENTAL S~RVICl:S 10 
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Biologics! and Seclime.nt Monl/orfng at Vangord8 Creek, 2(JQ5 

-
TABLE 4 

' COMPARISONS OF METALS IN $TREAM SEDIMENTS 
1993_, 1995, 1997, 1999, 2001, 2003 AND 2005 

-

I ~.ite Ye~r Copper Iron Lt:iad_ 
(mg/L.:) (%) (mg/L) 

-

y1· 1993 24 (4) 3.7 (4.6) 30' (B) - ,. 
19~5 33 (2) 3.1 (2 .6) 43 (14) 

' 
1997 53 (19) 2.7 (1 .0) 58 (36) 
19.99 39 (2) 4,0 (0.1) 45. (16) 
2001 19 "(7) 2.4 (0.3) 18 (7) 
2003 26 (2) 2.5 (0.3) 37 (10) 
2005 17 (3) 1.6 (0.2) 19 (5) 

V27 1993 92 (4) 3.2 (1.5) 587 (518) 
1995· 59 (11) 2.7 (4.0) 1305 (1215) 
1997 88 (12) 3.8 (7.0) 1492 (642) 
1999 129 (45) 4.3 (0.7) 2069 (375) 

' 2001 102 (6) 3.9 (0.2) 2802 (1154) 
2003 74 (9) 3,0 (0.1) 1383 (340) 
2005 36 (5) 2.0 (0.02) 188 (77) 

V5 1993 28 (1) 2.2 (0.6) 23 (1) 
1995 36 (2) 1.8 (0.3) 52 (2) 
19~7 36 (2) 2.1 (0.6) 35 (3) 
19~9 25 (1) 1.8 (0.0) 30 (2) 
200~ 2a (7) 1.9 (0.2) 32 (7) 
2003 22 (4) 1.7(0.1) 25 (8) 
2005 25 (3) 1.7 (0.04) 21 (1 .2) 

V8 1993" 37 (O) 2.6 (0.3) 214 (11) 
1995' 48 (4) 2.2 (1 .0) 218 (70) 
1997 36 (5) 2.3 (0.6) 114 (6) 
1999 29 (2) 2.0 (0.1) 89 (40) 
2001 34 (1) 2.2 (0) 110 (33) 
2003 29 (4} 1.7 (0.1) 74 (12) 
2005 35 (1) 1.9 (0.01) 75 (7.2) 

NOTE: Number in b~ackets is the standard deviation for that sel 

.t_d~ ENVIRONMENl"AL.SERVICE:S 
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Zinc 
(mg/L) 

120. (13) 
171 (40) 
13Z (71) 
14~ (12) 
88 (32) 
132 (16) 
6.0 (-14) 

I 

436 (126) 
51.9 (43) 
652 (55) 
921 (290) 
868 (88) 
951 (125) 
288 (26) 

98 (5) 
1.29 (4) 
100 (5) 
81 (2) 
116 (22) 
80 (15) 1, 

86 (6) 

25'1 (12) 
391 (111) 
221 (25) 
148 (40) 
248 (41) 
243 (73) 
192 (6) 
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Comparison of Copper ln Sediments tn 19'!13, 1995, 1997, 
1999, 2001, 2003 & 2005 
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Biological and s«Jimeo1·Mo11ltorfng oJ Vangord~ Creek • .2005 . -· 

4.4 Benthlc Invertebrates . . . 

Three phyla> were foui1tl . in the snfrly area: Arthropoda, Annelida and Nematoda. A total of 61 

different ~onontic grcmps were identified within these phyla. 111ese data are presented in 

Appendix C:. 

4.4.1 AbLI:tldance and' Taxoriontlc llichness 

The nµ01be11 of organisms of Lhe lriplicates for each site wns summed· to give a lotal abundnnce 

vaiue for that site. •Population numbers varied in the study area, ranging from 5,534 individuals at 

VI to l 33 57.0 at VS~ 

TaxQ.nomic. ric)mess was detenniued for each site by enumerating all the taxonomic groups 

identified from specjes to phy1um as ~ me~ure of comrnwtity diversity. The diversity rwiged from 

34 different taxonomic. groups at V27 to 45 different taxono]Jl.ic groups at V8. Diversity decreased 

slightly downstream ofVl at V2?, but increased steadily to the moulh, VB. 

The benthic community Jt>cated at VS reflects conditions jn Vangorda Creek just upstream of its 

confluence with the Pelly River. The diverse and ahundant community documented at V8 would 

indicate that habitat c<;mditions (waler and stream scdfmcnt quality) are favourable and 

consequently ~here should· b.e negligible impact on the Pelly River from V angorda Creek. 

Abundance and diversity values were plotted and are displayed in Figure 6. 

.f.a./~ ENVIRONMEN'rAL SERVICES 13 



Blo/oglcal and Sediment MOniloring al Vangordo Crock, 2005 
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FIGURE 6 Abundance and Diversity at Vangorda Creek, 2005 

4.4 .2 Dislribution 

The composjtion of the benthos conununities was displayed as a percen.tnge of the major taxonomic 

orders for each station (Table 5). Ba~ed on this, tax a were classified with respect to their dominance 

within the conunu11ity (Table 6). 

The orders Plecoptera and/c;>r Diptera dominated all of the shes. Ephemeroptera shared dominance 

with Diptera and Plecoptera at VJ . Epbemeroptera was the subdominant group at V27 and V8, and 

common at V5. Trichopterans were subdominant at V27 and V5, and conunon at VJ and V8. Most 
of the remaining ta.xa were rare . 

.t_~ ENVIRONMENTAL SERVIC.ES 14 
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Blofogical and Sediment Mcnttoring at Vsngorda ~k) 2005 

.. ~ _,, -----.. -- --- . 
TABLE 6 

THE PERCENTAGE 0F COMPOSITION OF DIFFERENT TAX<;)NOMIC 
GROUPS.AT EACH STATION 

TAXONOMIC GROUP V1 V27 vs V8 

Ephemeroptera 27.2 14.9· 4.6 1·0.~ 

I• 
(mayflies) 

Plecoptera 29.9 96.9 11 .1 25.9 
(st on eflies) 

Trichoplera 5.4 11 .1 11,6 1.1 
(caddisflies) 

Diptera 36.5 16.8 71 .4 59.9 
(true flies) 

Hydracarina 0.8 0.2 0.5 2.6 I• 
(water mites) 

Other* 0.2 0.04 0.8 0.1 

• Other includes one or more or the following taxonomic groups: 

Nematoda Lepidoptera Collembola Oligochaeta 
Thysanoptera Arana ea Hotnoptera Hymenoptere 

. ~ 

TABU: 6 

TAXONOMIC DISTRIBUTION OF BENTHIC INVERTEBRATES 
SITE 1.0CATION DOMINANT SUBOOMINANT COMMON RARE INCIDENTAL 

CUS'l:.l (10% 10 24.~~} (1 .0% ,0 9.~.) (0.1% , o D.9"A\ (<O.l o/o) 

V1 V~Cr1~1 11i1 Diplom T llChOptera Hydro~rine 
hl~ ncii..ity PIOC(>Jltora Other 

Ephemeroptera 

V27 Vlll;io<GI Ct O'J mlrl11g Plooaptoro DiPle<a liydtl!Cllrine OUlef 
~ & u/$ Sn.imp Ct Epliemeroptera 

Trichoplera 

V6 We.A Fook cl Diptsl'8 Tllehopteni EphomcltJP!eru Ot/1er 
Vmivorll.ICr Plecoplero t-jydracarina 

VO V1ngonjo Cr ""fl(t»t ~jplo{1l Ep11emeroptera Hydracarina Other 
500 m l.llaJ'dlt R Ple<:optet;i Trlchoptera 

. 

The dominant species in the study area was Zapadii sp., a Plecopter~ forming 23.9% of the total 

nwnber of invertebrates collected. Thls was followed closely b.:y Brilla sp., at 22.9%. 

Zapada ~p. are shredders of leaf Jitter (Merritt and Cummins~ 1988). The high mm1bers recorded in 

the study area could be due to the provision of leaf litter from the riparian shrubs and trees during 

the late sunu:ner/carly fall time of sampling. The Zapada population was elevated at all of the sites . 

.LaJ.vi~ ENVIRONMENTAL SERVICES 15 
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BlolO!JIC!Jl ond'S<ldimenl Moniloring at Vangorda Creel(, ZOo5 

Th~ pipterar1 Brilla sp. ~s a member of the Chirononi.idae Family. Large numbers of Brilla sjJ. were 

coll~~ted in wl· three bas~ets at V5 and formed 42% of the population here. Brilla sp. are burrowers 

(J0erritt and: Cimunins, •1988) and the hl~tbit~t conditi~ns at V5: fjne sediments and wooq detritus? 

provided fovoumble coriditions for tllis organism. Billi a .'Ip. were also J'NScnt at tl~e. other sites b~1t 

wer.e far less abundant. 

Epl1cmeropte_ra, Trfoh(?plera and Pjc:copteni are sensitive to most types of pollution. (Rosenberg and 

Re_shi }993) (l1}d1 Leh1111<uhl (l91Q). has idenJified several groups within these insect ordei:~ that have 

verJ. Jow tolerance t9 chemical p91Ju~ion. Ejght taxa (fol,lr taxa wilhin PJecoptera. three taxa within 

Epherneroptero and ohe taxa withih Trichoptera) were identified in the Vangorda watershed (Table 
,7), 

-

TABLE T 
' Presenc4! (+) and Absence (-) of Sensitive Taxa at 

Vangorda Creek, 2005 

Sensitive Taxa V1 V27 V5 vs 

Plecoptera 
Nemourjdae + + + + 
Perlodldae ... + + + 
Capniidae ... + + + 
T aenlopterigidae + + + + 

Ephemerop~era 
I 

Epeol'l.ls- + + + + 
Ephemerellldae + . + + 
Rhithrogena + + - + 

Trlchoptera 
1·1 

Rhyacophilidae + + + + 

Total# or sensitive t~xa:. 8 7 7 8 

After Lehmkuhl (1979) 

All eight sensitive taxa were recorded at Vl and V8. Seven sensitiw taxa were present at V27 and 

V5. As there appears to be good reprt!sentation of pollution sensitive sp_ecies at the Vangorda :,ites, 

including the downstream·sites, it can be assumed that the w11ter and stream sediments are of good. 

quality for the support of aquatic life. 

The above stntement appears contradictory to the results presented in Section 4.3. The 

concentration of lead in the stream sediments at V27 was well over the probable effects level 

~~e E.NVl~ONMENTAL SERVICES ·16 
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BfolO!Jlcal snf1 Silcflmant Monf(onnfJ at VBT!f!Ordn creek, ?005 

(:PEL). Accprdi.Qg trj ceME (l 999), there should be severe adverse effo~ts on t.}:ie aq\latk biota 

i1nder-1he_se. cqrrditio~. Hqwever~ very high_ numbers of the p·ollution sel}sitive insec~ orders we~e 
pres·e.nt here. 

·The benthic communhy at V.27 was dominated by P.1ecoptera, wilh -Ephenieropt~ra an~:Tti~hopte~ 

as . subdomin_ant grcmps. All of these orders are sensitive to most types .of.pollution, thus. lheir 
abundant nwnbcrs recorded at this site indicates 1hnt the elevated le_vels of· in~!als docwnented i'n 

the sea~n)e}1t~ ate likeiy not in a bioavailable·jbrm'. 

4.4.3 Ctunp·n.risoni? with Past Dara 

·Benthic invertebrate monitoring has been conducted at the fou"r sites on VangQrd~ Ci¢~ every· two 

years, commencing in 1991, as a requirement bf the company's water: licence. Artificifil· SJ.tO$tfl!1e 

samp]ers were used for .each survey with a c.olon.ization period of five to six Wee~. ·ro .~ssess the 
health of the benthic communities, abundance (1otaJ population), diversity (taxonomic tfohrte·ss) .. 
taxonomic dominance, and presence of sensitive taxa were examined for. eao11 .site per year (see 
Table 8). A healthy benthos commrutlt:y wouJd be clmrnc1erized by numerous individuals, many 

different types of organisms and 1he presence·ofpoilution se115itjve specie.S. 

The lowesl population al each of tlle sites generally occurred iii 1991 (Fi~ie 7). o·urin$' 1.9-91, the 
samplers were washed i11tO shore during a flood event leaving the basket.~ at V-5 ~d V8 <:>nly 

partially submerged (Burns, 1991 ). Consequently, only the lower po)1lon of each sampler was­

::wailable fqr c;olonization, which may account for the lower populations. Population nunjbers were 

also low at a111he sites in J 999. Populations fluctuated considerably during the othet sur\leys. Of 
the eight sampling event:); the hjghest populations were documented at V5 on four occa13sip~s and 

twice each at VS and V27. Vl generally bas had the lowest populations thl;oughout the study 

period. The highest population recorded to date occurred a1 VS in 2001, The varia,tion in totnJ 

abundance can be attributed to many natural factors such as climate, stream f!ow1 life cycles of the 

various organisms; tinung of the sampling, as welJ as the cJ1emistry·of the water (U)O fu~ ·str~am 

l sediment~. 

To enable comparisons between the· surveys, taxonomic richness was detennfo.ed by -using the 
lowest com·mon dominntor. For exnmple, in 1991 nnd 1,993, some of the ihse_et orders :were 

identified to the family level onJy. If genera or species were· idenHfied within tlUs ·family in 1995, 

1997, 1999, 2001, 2003 andfor in 2005, they were lumped together and co;nsldered as one taxoo. 

'The total taxonomic richness for 1995, 1997, 1999, 2001, 2003 and.2005 are t11erefore lower in 

Table· 8 than that determined in the individual studies. These diversity vallt~ are graphed in 

.J!..~ ENVIRONMENTAL SERVICES 17· 
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TABLE 8 
COMPARISONS OF BENTHIC DATA FOR THE YEARS.1991, 1993, 1"995, 

1997, 1999, 2001, 2003 AND 2005 
-

.site Yea'r Total Taxonomfo Dominant Taxa Total# of 
Abundance Rlchnesa Sensitive Tau 

V1 '1991 7.63 17 Diplera & Ephemeroptera 6 
1993 3,090 19 Diptera & Pl~coptera 1 
j995 1,758 2~ Ple~ptera & Diptera 8 
1997 11663 29 Diptera & P-lecoptera 9 

I 
1999 1,025 20 Dlptera & Plecoptera 7 
·2001 707 21 Dlpt~ra &·Pl_ecoptera 9 
2003 1,025 30 Diptera & Plecoptera 7 

I 2005 5,534 32 Dlptera, Plecoptere & 8 
Ephemer9plera. 

V27 1991 953 24 Diplera 6 
1993 5.952 17 Plecoptera & Dlptera 5 ' 

1995 4.929 28 Plecoptera & Diptera 9 
1997 11,751 29 Diptera & Plecoptere & 8 1, 

I 

Ephemeroptera 
11 

1999 1,061 23 Dlptera & Plecoptera 7 
2001 3,698 24 Plecoptera & Trichoptera 7 

11: 2003 1,301 27 Ephemeroptera & Plecoptera a 
2005 6,329 28 Plecoptera 7 I ' 

I V5 
I 

1991 1,298 29 Diptera 7 
1993 2,193 21 Dlptera & Plecoptera 6 
1995 1,550 26 Diptera 6 
1997 9,291 30 Diptera 9 
1999 1,264 32 Diplera & Plecoptera 8 

11 
2001 17,232 40 Plecopler£1 & Diptera 10 
.?003 3.377 42 Plecoptera & Diptera 9 
2005 13,570 35 Oiplera 7 

V8 1991 594 22 Dlptera 6 
1993 3,024 19 Diptera & Plecoptera 6 
1995 8,340 35 Dlptera 8 

' 1997 904 25 Dlptera & Plecoptera 6 
1999 1,061 28 Dfptera 9 
2001 5,867 28 Oipter:a 7 
2003 3,989 31 Oiptera & Plecoptera 6 
2005 6,687 36 Oiptera & Plecoptera 8 

,t~ E;NVJRONMENTAL SE:RVICES 18 
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Biological and Sediment Monitoring at Vangorda Creek, 2005 

Community Abundance Over Time in Vangorda Creek 
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FIGURE 7 Community Abundance Over Time (1991 to 2005) in Vangorda Creek 
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APPENDIX A 

Client: 
Download Date: . 
~Ject Name: 
project Number. 
Chain of Custody: 
Sam.eles receive,d:· 

Sample ID -CANTESTID 
Date Sampl ed -Parameter 
Conventionaf Pa-rameters 

eH. Laboratori 
Conductivity 
Hardness CaE::03 
Hardness (Total) CaC03 
T ptal Suspended Solids 
Total Alkallni!}' Ca'C03' 
Bicarbonate Alkalinitv HCI 
Carbonate Alkalinity C03 
Hydroxide Alkalinity OH 
Dissolved Sulphate 504 
Ammonia Nitrogen N 
Metals Analysis 
Total Mercury Hg 
Dissolved Aluminum Al 
Dissolved Antimony Sb 
Dissolved Ars'enlc As 
Dissolved Barium Ba 
Dissolved Beryllium Be 
Dissolved Bismuth Bi 
Dissolved Boron B 
Dissolved C.a.drriium Cd 
Dissolved Calcium Ca 
Dissolved Chromium Cr 
Djssolved Cobalt Co 
Dissolved q,oei:>er cu 
Dissolved Iron Fe· 
Dissolved Lead Pb 
Dissolved Lithium Li 
Dissolved Ma9neslum Mg 
Dissolved Manganese Mn 
Dissolved Mercu~ ·Hg__ 
Dissolved Molybdenum Mi 
Dissolved Nickel Ni 
Dissolved Phosphorus PC 
Dissolved Potassium K 
Dissolved Selenium Se 
Dissolved Silicon Si02 
Dissolved Silver Ag 
DlsSolved Sodium Na 
Dissolved Strontium Sr 
Dissolved Tellurium Te 

WATER CHEMISTRY, JULY 2005 

Anvil Range Mining Corooralion 
~-

7/27/2005 
July·19th, 2005 S.S.F. - _ - , -- --166613 

.. 

712012005 ·-
--- V-1 V-5 v..S V27 
507250046 607250648- 507250049 507200349 -
7/20/2005 J/19/2005 7/19/2005 7/20/2005 - Units 

- -

---
- -

pH U!Jlts 7.53 8.32 8.26 
us/cm 53 384 364 307 
.mg/L 23 212 179 151 
rmi/L 23 225 205 159 
mg/L < 1 41 10 < 1 
mg/L 22.3 171 117 47.5 
mglL 27.2 202 143 57.9 
~/L <0.5 2.9 < 0.5 <0.5 - -

mg1L < 0.5 < 0.5 < 0.5 < Q_S 
mg/L 6.9 61 .B 99.9 125 
mg/L 0.08 0.01 0.01 < 0.01 

-ug/L <0.02 <0.02 < 0.02 < 0.02 
mg/L 0.021 0.027 0.01 0.009 
mg/L < 0.001 < 0.001 < 0.001 < 0.001 
mQ/L < 0.001 < 0.001 < 0.001 < 0.001 
mg/L 0.019 0.06 0.044 0.029 
mg/L < 0.001 < 0.001 < 0.001 < 0.001 
mg/L < 0-.001 <0.001 < 0.001 < 0.001 
mg/L < 0.05 < 0.05 <0.05 <0.05 
mg/L < 0.0002 < 0:0002 -< 0.0002 < 0.0002 
mg/L 7.56 51 .5 45.1 41 .6 
mg/L < 0.001 < 0.001 < 0.001 < 0.001 
mg/L < 0.001 < 0.001 < 0.001 < 0.001 
mg/L < 0.001 0.001 0.001 0.001 
mg/L < 0.05 0.07 0.07 < 0.05 
mg/L < 0.001 <0 .001 < 0.001 < 0.001 
mg/L < 0.001 0.004 0.004 0.004 
mg/L 1.09 20.3 16.1 11.4 
mg/L 0.001 0.032 0.016 0.19 
ug/L < 0.02 <0.02 < 0.02 
mg/L < 0.0005 0.001 < 0.0005 < 0.0005 
mg/L < 0.001 0.003 0.001 0.001 
mg/L < 0.15 < 0.15 < 0.15 < 0.15 
nig/L 0;2 0.7 0.6 0.6 
mg/L 0.001 < 0.001 < 0.001 < 0.001 
mg/L 7.3 9 .6 8.7 B 
mg/L < 0.00025 I < 0.00025 < 0.00025 < 0.00025 
mg/L 1.88 3.54 2.6 2.16 
mg/L 0.039 0.22 0.19 0.17 
mg/L < 0.001 < 0.001 < 0.001 < 0.001 



APPENDIX A WATER CHEMISTRY, JULY 2005 

sam~le lD V-1 V-5 v.a V27 

CANTESr .10- 507250046 507250o48 507250049 507200349 
Date Samplea 7120/2005 7/19/2005 7/19/2005 7/20/2005 
Parameter Units 
Conventional Parameters 

Dissolved ThalliumYI mg/l < 0.0001 -- <0.0oo1 < 0.0001 < 0.0001 
Dissolve.d Thorium Th -mall < 0.0005 < 0.0005 < 0.0005 < 0.0005 

Dissolved Tin. Sn mci/L < 0.001 < 0.001 < 0 .001 < _0.001 ----.. 
mall < 0:0o1 c; 0.001 Dissolved litanium Ti < 0.001 < 0.001 

Di~solved Uranium U mg/L < 0.0005 0.0022 - 0.0021 0.0009 
Dis5olved Vanadium V _ !)lg!!:_ < 0.061 < 0.001 < 0.001 < 0.001 
Dissolved Zinc Zn mall < Q;.~~ 0.007 < 0.005 0.022 
Dissolved Zirconium Zr mall <0.01 <0.01 < 0.01 <~0.01 
Totaf 'Alur'nfhum Al mgll _ 0.032 0.28 0:-oes 0.026 

Tot~tlmonv Sb ma/L < 0,001 < 0.001 <_o,oo~ <0.00:1 
Total Arsenlc·As mall < 0.001 0.001 < 0.001 < 0.001 
Total Barium Ba ma7L 0.021 0.081 0.053 0.031 
Total B~lli.um Be mall < 0.001 < 0.001 < 0.001 < 0.001 . 
l otal Bismuth 81 mall < 0.001 < 0.001 < 0.001 < 0.001 
Total Boron B mall < 0.05 <0.06 <0.05 <0.05 
Total Cadmium Cd mall < 0.0002 < 0.0002 < 0.0002 < 0.0002 
Total Calcium.ca m_gi!:_ 7.62 54.6 51.7 43.8 
Total Chromium Cr mg/l < 0.001 < 0.001 <-0,001 .;;·0.001 
Total Coba.lt Co mg/L < 0.001 < 0.001 < 0.001 < 0.001 
Total Coccer cu mall < 0.001 0.002 0.001 0.001 
Total Iron Fe moll < 0.05 0.55 0.23 < 0.05 
Total Lead Pb mciiL < 0.001 0.002 < 0.001 < 0 ,001 
Total Lithium Li mg/L < 0.001 0.004 0.005 0.004 ·-
Total Magnesium Mg moll 1.09 - 21 .5 18.4 11 .9 
Total Manganese Mn mg~- 0.001 0.042 0.028 0.21 
Total Molybdenum Mo mg/L < 0.0005 0.0008 0.0006 < 0.0005 
Total Nickel Ni mgLl _ < 0.001 0.003 0.002 0.001 
Total Phosphorus P04 mg/L < 0.15 < 0.15 <0.15 < 0.16 
Total Potassium K -~9!!:_ 0.3 0.9 0.8 0.6 --Total Selenium Se mg/l 0.001 < 0.001 < 0.001 < 0.001 
Total Silicon Si02 mall 8.2 11 9.9 8.2 
Total Sliver Ag mgll - -- -- < 0.00025 < 0.00025 < 0.00025 < 0.0_0025 
Total Sodium Na mg/L 1.42 3.2 

- -- --
2.69 2.03 

Total Strontium Sr mg/l 0.041 0 .23 0.22 0.18 
Total Tellurium Te mall < 0.001 < 0.001 < 0.001 < 0.001 
Total Thallium Tl mg/l ---< 0.0001 ---< 0.0001 < 0.0001 I < 0.0001 
Total Thorium Th moll < 0.0005 < 0.0005 < 0.0005 < 0.0005 
Total Tin Sn mg fl < 0.001 < 0.001 < 0.001 < 0.001 
Total Titanium Ti m~ < 0.001 0.005 0.003 < 0.001 
Total Uranium U mgtl < 0.000.5 0.0026 0 .0024 0.001 
Total Vanadium V mg/l < 0.001 i < 0.001 < 0.001 < 0.001 ' 

' 
Total Zinc Zn mall < 0.005 0.007 0.011 0.031 
Total Zirconium Zr moll < 0.01 < 0.01 <0.01 < 0.01 

- -- ----



r APPENDIX A WATER CHEMISTRY1 AUGU.ST '200,5 

I 
Client !Anvil Range Mining Corporation -
Download Date: 9/12/2005 . -
Project Name: Aug 24, 25/05 B. Bums -

Project Number: . - . 
Chain of Custody: 164156 - -
Samples received: 8/31/2005 -

c 

TABLE: Results of WATER Analyses 
-- ~ 

Sample ID V1 V5 V8 V27 

CANTESTIP 
- 509010165· 509"Q10~66 50.90~ 01 67 509010168 - 8!45i2005 8/24/2005 8/2512005 Date Sampled 8/25/2005 - - ---

Parameter Units --Conventional Parameters -r 
·- -

r -
Conductivity uS/cm · 10 346 407 287 -
True Color cu 5 ~ 7 <6 

Turbidity NTU 0.25 4:2 1,4 0,29 
Hardness CaC03 mg/L 29 ·246 295 177 
Hardness (Total)CSC03 mg/L 

. 
280 328 200 29 

Total Suspended Solids mg/l <1 7 < 1 <1 
Total Alkalinity CaC03 mg/L 27.7 196 140 -
Bicarbonate Alkallnltv HC03 mg/L 33.8 231 166 -
Carbonate Alkalinity C03 c-~91L <0.5 3.8 2.4 ---Hydroxide Alkalinity OH m~L < 0.5 <b.5 < 0.5 -
Dissolved Sulphate S04 ~L 8.8 78:6 210 147 
Ammonia Nitrogen N mg/l 0.03 0.08 < 0.01 < 0.01 
Metals Analysis 
Total MerCU[Y- Hg ug/L < 0.0.2 < 0.02 <0.02 <0.02 

< O.OOS· -Dissolved Aluminum Al mg/L < 0.005 < 0.005 < 0.005 
Dissolved Antlmonv Sb moll < 0.001 < 0.001 < 0.001 < 0.001 
Dissolved Arsenic As !!!Q/L < 0.001 0.001 < 0.001 < 0.001 -
Dissolved Barium Ba mg/L 0.023 0.068 0.063 0.032 
Dissolved Beryllium Be mg/L < 0.001 < 0.001 < 0.001 < 0.001 ·-~ Dissolved Bismuth Bi mo/L < 0.001 < 0.001 < 0.001 < 0.001 
Dissolved Boron B mg/l < 0.05 < 0.05 < 0.05 < 0.05 
Dissolved Cadmium Cd mg/L < 0.0002 < 0.0002 < 0.0002 < 0.0002 
Dissolved Calcium Ca moll 9.2 58.7 75.8 47.4 
Dissolved Chromium Cr mg/L < 0.001 ~ 0:001 < 0.001 < 0.001 -
Dissolved Cobalt Co mQ/L < 0.001 < 0.001 < 0.001 < 0:001 
Dissolved Copper Cu mg/L < 0.001 < 0.001 <0.00:1 < 0.001 
Dissolved Iron Fe mg/L <0.05 < 0.05 <0.05 < 0.05 
Dissolved Lead Pb moll < 0.001 < 0,001 < 0.001 < 0.001 
Dissolved Lithium Li mQ/L < 0.001 0.004 0.006 0.004 
Dissolved Magnesium Mg mg/L 1.35 24 25.6 14.3 
Dissolved Man9anese Mn mg/L < 0.001 0.011 0.044 0.081 
Dissolved Molybdenum Mo mg/L < 0.0005 0.0_011 0.0006 < 0.0005 
Dissolved Nickel Ni mg/L < 0.001 < 0.001 < 0.001 < 0.001 
Dissolved Phosehorus P04 m9{h__ < 0.15 < 0.16 < 0.1 5 < 0.15 
Dissolved Potassium K mo/L 0.3 o.e 0.9 0.6 
Dissolv~ Selenium Se mg/L 0.002 0.003 0.002 0.001 
Dissolved Silicon Si02 mg/L 8 9.2 0.3 8.3 
Dissolved Silver Ag mg/L < 0.00025 < 0.00025 < 0.00025 < 0.00025 
Dissolved Sodium Na mg/L 1.53 3.26 3.1 2.24 

I 
t 

L 
Dissolved Strontium Sr mg/L 0.048 0.26 0.34 0.19 



APPENDIX A WATER CHE.MISTRY, AUGUST 2005 

Sam~le ID -·-· V1 V6 vs V27 
CANTESTID 509010165 5090:10166 509010167 509010168 
Date Sampled 812412005 

-
.8125/2005 8/26/2005 8125/2005 

Parameter Units 
Conventional Parameters 

Dissolved Tellurium Te mQ/L 
-
< 0.001 < 0.001 < 0.001 < 0.001 

Dissolved Thelllum Tl mg/L < 0.0001 < 0.0001 < 0.0001 < 0.0001 
Dissolved Thorium Th ~l!:.._ < 0.0005 < 0.0005 < 0.0005 < 0.0005 
Dissolved Tin Sn mg/l < O.Q01 < 0.001 < 0.001 < 0.001 
Dissolved Titanium Ti _i:!lg/L < 0.001 < 0.001 < 0.001 < 0.001 
Dissol.ved _Uranium U mall < 0.0005 0.0032 0.0034 0.0015 
Dissolved Vanadium v mg/L < 0.001 < 0.001 < 0.001 < 0.001 
Dissolved Zinc Zn mg/l - < 0.005 < 0.005 0.005 0.018 
Dissolved Zirconium Zr mg/L < 0.01 < 0 .01 < 0.01 < 0.01 -
Total Aluminum Al . mall 0:013 0.15 0.13 0.01 
Total Antimony Sb mg/L < 0.001 < 0.001 < 0.001 < 0.001' 
Total Arsenic As mg/l <: 0.001 0.001 0.001 0.001 -Total Barium Ba mg/L 0.025 0.079 0.071 0.037 
Total Bervlllum Be mQ/L < 0.001 < 0.001 < 0.001 < 0.001 
Total Bismuth Bl mg/L < 0.001 < 0.001 < 0.001 < 0.001 
Total Boron B mg/l <0.05 < 0:05 < 0.05 <0.05 
Total Cadmium Cd mg/L < 0.0002 < 0.0002 < 0.0002 < 0.0002 
Total Calcium Ca m~ 9.36 69.3 85.7 54.7 
Total Chromium Cr __!!lg/L < 0.001 < 0.001 < 0.001 < 0.001 
Total Cobalt Co 

-
mci/L < 0.001 < 0.001 < 0.001 < 0.001 

Total Coppercu mg/L < 0.001 0.001 0.024 < 0.001 
Total Iron Fe mg/L < 0.05 0.25 < 0.05 < 0.05 
Total lead Pb mall < 0.001 <: 0.001 0.002 < 0.001 
Total Lithium u mg/L < 0.001 0.004 0.006 0.004 
Total Mami~slum Ma mg/L 1.31 2.S.9 27.5 15.3 
Total Manganese Mn mg/L < 0.001 0,031 0.061 0.11 
Total Molybdenum Mo mgJL <;" 0.0005· 0.0013 0.0007 < 0.0005 
Total Nickel Ni rng/L < 0.001 

.. 

0.002· 0.002 < 0.001 
Total Phosphorus P04 mg/L < 0.15 < 0.15 < 0.15 < 0.15 
Total Petassium K mg/L 0.3 1.1 1.2 0.8 -Total Selenium Se mg/L 0.002 0.003 0.003 0.003 
Total Silicon Si02 mg/L 7.1 - 10.3 8.1 8.3 
Total Sliver Ag mall < 0.00026 < 0.00025 < 0.00025 <0.00025 
Total Sodium Na mQ/L 1.53 3.63 3.4 2.49 
Total Strontium Sr m91!:_ 0.049 0.29 0.35 0.22 
Total Tellurium Te mg/L - <o.Oo'1 < 0.001 < 0.001 < 0.001 
Total Thallium Tl mg/L < 0.0001 ·•d ),0001 < 0.0001 < 0.0001 
Total Thorium Th mg/L < 0.0005 <: 0.0005 < 0.0005 < 0.0005 
Total Tin Sn mg/L < 0.001 < 0.001 < 0.001 -<O.OOf -
Total Titanium Tl mall < 0.001 0.004 0.001 < 0.001 
Total Uranium U mall < 0.0005 0.0029 0.003 0.0014 
Total Vanadium V . mtJ/L < 0.001 < 0.001 < 0.001 < 0.001 
Total Zinc Zn - mg/l < 0.005 < 0.005 0.05 0.02 
Total Zirconium Zr - mg/L < 0.01 < 0.01 < 0.01 < 0.01 
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~ . APPl::NuvC 8 -=i u~EAm '"1cu1ME1·u 1.1AT A, 1..~¥-J 

Samp1e ID pH AtltimOJ1Y Arseruc 

V1-A. 
Vt·B 
V1-C 

Mean: 
S.D.: 

VS-A 
vs.e 
vs-c 

Mean: 
·s.o.: 

V27·A 
V27-6 
VZ'T·C 
Mitan: 
S.D.: 

VB-A 
VS.6 
va..c 
Mean: 
S.O.: 

pH units ug/g ug/g 

7., 
6.7 
6.9 
6.9 
0.2 

8 
a.1 
8.1 
aor 
0 .06 

7.6 
7.2 
7.2 

7.J.3 
0'.23 

7.5 
7.6 
7.5 
U3 
!).D& 

< 10 
<10 
<10 
N.D. 
N..O. 

<10 
<10 
< 10 
N.O. 
N.D. 

<10 
< fO 
<10 
N:.O. 
N.D. 

<10 
< 10 
< 10 
ND. 
N.O. 

<10 
<10 
<10 
tU>. 
N.D. 

11 
< 10 
<fa 
11.0 

27 
23 
23 

24.3 
2.3 

13 
1.of 
15 

14.0 
1.0 

Barium B!!tYllium CalimltJm Chromfum 
usJg ug/g ug/g ugfg 

49 
96 
56 

67.0 
25.4 

165 
109 
139 
1~.7 

28.0 

·121 
83 
113 

105.7 
20.0 

119 
152 
129 

13J.3 
16.9 

<1 
<1 
<1 

N.D. 
N.D. 

<1 
< 1 
< 1 

N.D. 
N.D. 

< 1 
<·1 
<1 

N.D. 
N.D. 

<1 
<1 
< 1 

N..O. 
N.D. 

< 0.5 
<0.5 
<0.5 
N.D. 
N:.D. 

0.9 
0.9 
0.11 
0.87 
o.os 

1 
1 

0.9 
f.O 
0 .1 

0.9 
0.9 
0.9 

0.90 
0.00 

13 
25 
13 

17.0 
6.9 

54 
-41 
59 

51.3 
9.3 

39· 
40 
42 

.fll.3 
1.6 

52 
53 
46 

50.3 
3.8 

Sample ID VanadilJITI Zfnc AlumlnlJITI Boron Calcium Iron Iron 
% 

V1-A 
V1·B 
Vt-C 
Mean: 
S.D.: 

V5·A 
VS-B 
~ 

Mean: 
S.D.: 

V27-A 
V27· B 
¥27..C 
Mean: 
S.O.: 

V8-A 
VB·B 
V8-C 

Me;an: 
S .D.: 

u9'g ugfg uglg ug/g ug/g l.lgJg 

t3 
20 
14 

15.T 
3.3 

26" 
26 
25 

25.7 
o.e 

21 
22 
22 

21.7 
o.e 

24 
27 
24 

2.5.0 
1.T 

49 
76 
54 

59.7 
14.A 

92 
80 
87 

86.3 
6.0 

312 
261 
291 

288.0 
25.6 

199 
189 
189 

192.3 
5 .. 8 

8000 
13600 
8240 
9947 
316& 

10:WCI 
9890 
9970 
100icl 
161 

12500 
13800 
12600 
12967 
723 

11500 
11400 
11000 
11300 

265" 

<1 
< 1 
<1 
N.D. 
N.O. 

< t 
c 1 
<1 
H.O. 
N.D. 

<1 
<'1 
<1 

N.D. 
N.D. 

<l 
c t 
< 1 
N.J;I. 
N.D. 

1350 
2510 
141 0 
1757 
653 

20000 
19500 
18500 
19433 
902 

9140 
$770 
9f00 
9003 
203 

f0200 
11700 
10100 
1o&67 

896 

13500 
17500 
15300 
15533 
1861 

163(10 
17000 
16700 
16667 
,351 

20200 
2.0000 
19900 
20G33 
153 

1&l00 
19100 
19100 
19033 
115 

1.4 
1.6 
1.5 
f .6 

D.19 

1.6 
1.7 
1.7 
1.7 
o.cu 

2.0 
2.0 
2.0 
2.0 

0.02 

1.9 
1.9 
1.9 
1.9 

0.01 

Cobalt 
ug/g 

8 
11 
10 
9.7 
1.5 

14 
13 
14 

13.7 
0.6 

16 
15 
15 

15.3 
O.G 

14 
14 
15 

f'4.'3 
O.G 

Copper 
ugfg 

19 
18 
14 

17.0 
2..8 

27 
22 
26 

25.0 
2.6 

'40 
31 
3,1! 

36.J 
4.7 

35 
34 
35 

34.7 
0.6 

Lead 
ug/g 

22 
22 
14 

19.3 
4.6 

22 
20 

.20 
2D.7 
1;2 

267 
114 
183 

11!8.D 
76.6 

70 
83 
71 

74.7 
7.2 

Mel'Qlry l'.'.cfytldeoom Nic:ltel Sefeniool Sitver 
ug/g ugig ug/g uglg u9fg 

<0.01 
0.02 
0.()1 

0.02 
0.01 

Q.04 
0.03 
0.04 
·o.<M 
0.01 

0.18 
0.05 
0.08 
D.10 
0.07 

0.06 
0.08 
0.06 
0.07 
0.01 

<4 
<4 
<4 

N.D. 
N.IJ. 

<4 
<. 4 
<4 

N.D. 
N.O. 

<4 
<4 
<4 

N.O. 
N.O. 

<4 
<4 
c4 

N.O. 
N.D .. 

14 
25 
17 

18.7 
5 .7 

68 
66 
n 

70& 
5.9 

Ja' 
Ja 
40 

:sU 
1.2 

53 
52 
53 

52.7 
0.6 

< 02 
0.3 

< 0..2 
o.~o 

0.7 
Cl.~ 
0.7 

0.67 
0.06 

0..3 
0.3 
0.3 

0.30 
O.DO 

0.5 
0.7 
0.6 

D.&O 
0.10 

<2 
< 2 
<2 

N.O. 
N;D. 

<2 
<.2 
<' 2 

N.D, 
N.O. 

<2 
<.2 
<2 

N.D. 
ND. 

<2 
< 2. 
<2 
ND. 
N.O. 

Magnesl~ Manganese.Phosphorus Potassi'um Sodium SIJOntium rtlani1.a11 ~l8ll 
~lg uglg ug/g •Uijfg uglg up/g t1gfg uglQ 

3330 
4990 
3700 
4007 
871 

11500 
11700 
12100 
11167 
306 

7910 
8650 
ll270 
8277 
370 

9650 
10200 
9340 
9730 
436 

280 
39i 
335 

335.3 
55.S 

479 
456 
-122 

452.3 
28.7 

806 
664 
62() 

696.7 
97.2 

568 
582 
549 

566.3 
16 .. 6 

2i9 
522 
380 

393.7 
122.1 

1210 
832 
~14 

885.3 
301.6 

496 
455 
882 

511.0 
235.6 

671 
T.)5 

678 
694.7 
35.i 

559 
1110 
533 

734.0 
325.9 

501 
401 
425 

4.42.3 
52..2 

497 
~03 
442 

447.3 
.of7.2 

641 
472 
561 

52ol.7 
46.7 

83 
124 
SS. 

87.3 
34.7 

1'14 
114 
114 

114.0 
0.0 

81 
84 
BS 

84.7 

'-0 
BB 
82 
83 

S4.3 
3.2 

B 
1& 
13 

13.0 
s:o 

57' 
51 
52 

60.0 
7.5 

34 
S4 
34 

34.D 
o.o 

38 
41 
35 

JB.3 
2.! 

!]4 

209 
112 

138.3 
61.9 

135 
128. 
153 

138.7 
12.9 

148 
117 
123 

129.3 
16.4 

140 
159 
140 

146.3 
11.0 

2 
1 
2 

1.61 
0.58 

3 
3 
3 

J .00 
0.00 

3 
3 
3 

J .00 
0.00 

3 
3 
3 

3.00 
0.00 

_., 

Tin 
ugfg 

<5 
<5 
<.S 
N.D. 
N:.D. 

<5 
<5 
<5 

N.D. 
N.D. 

<5 
<5 
<5 

N..D. 
N.D. 

<5 
<5 
< 5 

N.D. 
N.D. 

-1 
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~ •APPt:ND!~ ·q ~ENTHl~. INVER<T'E'BRAE DATA, VANGORC?A·CREEK; 2005 

V1a V1b V1c V6a V&b V5c: VB a V8b V8c ' V27a V27b V27c Totals "· 
f i~Ll!~ :~R'[H~oroo1' 
GID&S'lnsuc;;t;a• 
O~er-Ept)err1~9ptera 
1-1inl]Y. Slphlo_nuridae. 

5 0.02 ,: l,'\~ell.:IOs SP, ·5 
, J.mily Bae~tdae 

153 10.36 Elae~sp _ 77 1243 69 321 177 80 193 60 396 4~0 116 3335 

(·r:-llmlly f-!epteg(!_!JIJdac 
312. o ... sn i P1n)'.em1.11a· i;p , 24 1 13 16 3 21 a 150 5 68 

l Ep~or\1$, (ll'on).sn 2 14 2 3 3 4 1 1 2 1 33 0.10 
I Rhllhrogena sp 17 13 21 1 1 1 M 0.17 

FllmilY EphemereHldae 
r . I Drunella grtlndl$ 1 0.00 

Eph.emer11llld~e J 16 8 25· 0,08 

Qrder P.t~copl~ra. 
t "'afiiil~ Copnllda'e 

16 11Q 1'6 16 24 417 1.30 • Cepn[a s~. __ · 2 22 187 23 
I arnily Perlodldae 

h;C!!porto sp , 1 G 0.02 
~ijgarcys sp 2· 2 1 2 9 0,03 

I SKY/Illa peralello 1 1 o.oo 
I swell&a 6T> group 1 3 O.D1 
i-emil~ ta~ri1optery9idae 

,5 17 8 19 58 368 1.14 'T'aerilonerna sp 33 6 34 10<1 84 
- olf!Uy Nemourldee 

Zepeda sp 168 1210 213 493 267 lr!2 541 74 584 1497 977 1010 7686 23.93 
I, 

OrderTrlcl1opler;a 

I 
· Trlchoptere Uold J 1 4 0.01 

Tr1ehoplel!I P 1 1 0.00 
I ,amlly _Hydropsycl)ldaa 

Arclopsyctie sp H 185 (54 441 315 226 20 10 14'4 122 108 1649 5.13 
Famny Llmnephllidse 

Eccii&omyla sp 1 6 a HI 0.06 
J smily Hydroptilidae 

Hytlropllls sp 1 O.OQ 
Fomlly Rhy:ic:ophllldae 

Rhyocophilidae Juv 1 32 82 128 10 1 ~ 88 68 BO 499 l.~5 
~hyacophll11 (eccopedcs or vno) 4 Hi 8 61 92 171 10 1 3 19 12 13 409 1.21 
Rhya,coptilla hyli,llr)at~ 2. 4 17 1 2 2 2 4 18 2 13 67 0.21 

oroar Dlp!eru 
r;>tptera Unld A 2 2 0.01 
Chironomidee A 2 0.01 

..=amity C.hl_ronomldee 
Chirooomidse P s 22 5 17 61i 2 59 9 71 1 9 265 0,{13 
Chlrooomidae L 45 634 72 575 370 563 105 15 185 106 120 122 2913 9.07 

'ub,Famjly Orthocladinile 
Brillia &p ·43 405 "II 1667 1920 2079 BBB 27 342 es 42 59 7359 22.A1 
C_11rdioclai:ljus sp g 190 26 17 1 8 16 24 26 17 343 1.07 
Cory11oneura sp 2 16 8 8 ~4· 0,11 
.Cricotopus sp 20 192 25 138 323 373 907 202 67.9 GG 19 64 3228 10.06 
E:u~lefferiella sp 22 120 12 148 145 146 137 16 83 ao 24 3" 967 3.01 
Euryf1apsl& sp 2 8 1 11 0.03 
Synorthocladius sp 16 1 9 25 0.08 

I lhlenemanhiella sp 8 1 16 s 33 0.10 
':amily Oiamesinaa 

L Oiamesa sp 35 2 35 16 2 2 3 8 104 0.32 
Sub Family Chrlonominae 

Mlcropscctra sp 
=arnllY'Empldid11e 

8 a 0.02 

Ernpldldae P l 0.00 
Chelllen;i sp 16 64 16 8 105 0.33 
~eldemanola sp 1 0 8 g 2.7 0.06 i :amlly Psyctiodidae 
Perlcoma sp 56 22 49 2 2 1 132 0.41 

- .:arniiy Slmulida& 
Cnep.hia sp L 16 64 16 8 1 16 121 0.38 
Proslmullum sp L 6 46 B 211 177 278 52 7 89 2·5 40 33 970 3.02. 
Proslmulfum sp P 2 2 2 6 O.d2 
SfrJiullum sp L 8 10 1 22 0.07 

Farnny Tfpulid<1e 

L 
Ol!:reno111 sp 2 17 67 17 103 0.32 

· ~ -- • .a . -...1."1-..I 
J _ , : ____ u _ I-·-·-- ~ --···--- 19\.,.....,. - ...i-- ............. 



APPENblX C BENTHIC INVERTEBRAE- DATA, V~NGQRDAJ:!REEK, 2005 

V1a V1ii V1c 'V6a V5b \16c V8j yea, Vile: v21-. V27~ \l:J.7c Tota11· % 

Order Cottembola 
Coflembola Unld dam _1_ o.oo 
lsolom'!~s sp 2 16 18 o:oo 

Order '°'on'Joptera 
Family Aphtdldae 1 3 0.01 
fal'rlllY Clca'dellldae 1 0.00 

Order Hymenopte1e 
i Family ForrnlcJd;il! 1 0.00 

Order Lepldoptera L 1 0.00 

Order Thysanoptera o.oo 

Closs An1clifl)da 
Order Ar<ln.iea , 0.00 

• Order HY.dracartna 
Hydraeeiiila Uni<! J 8· 1 16 ?7 0.08 
Lebertla sf) 1 l 0.00 
Sperchon sp 8 2 -4 2 2 20 Q.06 
Untonco,lo_ sp 16 5 16 46' .<18 18 as 8 2A~ 0.77 
Or1batel 1 1 0,00 

PliVLUM'ANNELIDA 
Claaa Ollgoc~eta 
Ordor Haplowldao 

Farnlly E'nchytraeidae 1 9 10 0.03 
Farnuy Tublncldoe 2 0.01 

PHYL:UM NEMATODA 1. 32 64 99· 0.3,1 

Total per !!ample: •r1a 4437 618 4336 .<1~09 5023 314Q 5·13 3034 2857 1677 1795 32120 

Total pet slle: 5534 13570 6687 6329 

Taxonomlc.Rlcnnoss per sample: 20 28 28 28 29 26 35 ;28 33 30 it' 1·9 
Taxonomic Richness per sile; 36 39 .. ~ 34 
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