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. . 
Biologicaf and S«Jiment Monitonng at Ross and 'Anvil Creeks, 2004 . . . . . 

1~0· INTRODUCTION 

On August 1"6, 1994, AnvU Range Mining Corporation (Anvil) was officially assigned Licence 
~umber. INS9-001, which was origJn~lly · issued to Curragh Re5ourees ·inc,. by the Yukon Territory 
Wat.er Boan:t. On December 21 ~ 19961 mining t~mporarily ceased but the mil cominued to operate 

. · until March .1997. In !:ate .-:August 1997. mining resumed wit) millii-iQ commencing in · October. 
' ~both. operations shut down.in late January 1998. Low metal prices (zinc and .lead) and 
mancial d~es experi~nced by·Anvil indicated that thiS.dosure had the ~tial to be long te:fm. · 
An amended wate·r iicerace. number QZ99-Q03 was isiued to Anvl on Jan!Jary 30, 1998. In April 
· 1998, DeloHte and Touche Inc became the interrn. receivers'for-the Fa~ Mihe proJ)erty, operations 
·and ass6ts. They. have .a'8o acted as caretakers or the· ~ bearing resPonsibility for the 
1'$(1Urements under the water lkerice. ·on March 30, ·2004, Defoitte-and Toudle Inc was· issued 

· licence Q.?0~9 1a ccintinue ca~ and '?lanenanee of ih& site, and to ~nduct ·en~o~ ·m~nage. 
add~nsj ~udies and plans, fo~. another five years. · · · · 

. . . 
To . ~ply with Part G, Section ~. of the new licence,. a ~logical and sediment monitoring 
program Is to be· undertaken every 1wo y~rs on the Rose· Creek system. The Licence states that 
th.ree. replic:ate. sampJes of benthic ~a~nvertebrate fauna are to• ·be colected fi-om seven sites 
located on Ro~ and.AnvY Cree.ks. These benthic organisms are to be id~ntified, enumerated end 
the data evaluated. Stream sediment ·and ·Water samples ~ to be .;aledec( Concurrently. 

. . . . . . ' . 
' . 

~lciitte & Touche· Inc. contracted Laberge Envi10nmental Services (LES) to·conduct ttte biological 
and sediment ~on~oring survey.$. This report cantain.s all data collected during t~ 2004 program. 
Some co~paieons with past monitoring programs nave.been ln~uded. 

,l~ EtMRONMENTAL liE!MCf:5 1 



2.0 .STUDY AREA 

. The Fan:> mne and mill are located approximately 20 road kilometres north of the Town of Faro~ . . . ~ 

approximately 62° 20' N and 133° 25' W (Flgure 1). . . ... 

The study a~a Ues within the ec0regioi1 Yukon Plateau ... North .. The mean ·annual temperature for 

this region l;S app~xlmat~ly -4 °c· With a· su~mer mean of 10.5°0 a~ a ·~r ~ean of-20°C. 
.. . . . 

Northe~· bofeal forests exist at ~v8tions up to 1500 m asl. While and black spruce_form thf most 

common fores1 fype5 ·with asper:i -and balsam Poplar occiuj)ying diSturt:M3<1 areae. (Eeological 

Strattncatlon Working Group, 1995). 

The biological monfloring sites are es1ablish6d ~ Ro~ a;.nd Anvil Creeks_ '&t the following locations 
" . 

(Figure 2): 

. R1 Upstream ofthe.confluenoe of1he North end SOuth For1<s of Rose C~~-

R2 In the mrxing zone downstream d the intersection .d the Rose. Creek divefSion 'canal 
' I • • • '• • 

and the outlet of the talUnQs pond. 

R3 Rose Creel< awroximately half way bet\YeeO the tell!ngs pond· ouHet and Anvil 
Creek. 

R4 Rose Creek just upstream at-Anvil Creek. 

. . 

RS · - Anvil Crw!!ek ·approximately 150 metre;s downsiream of Rose Creek. 

RG Anvi Cree~ im~iate!Y upstrea~ d Rose Creek. 
. - . . 

· R7 North Fork of Rose Creek upstream of the confaJence v.tth .the faro Creek diVersiOn. 

~~ 'ENVIRONMENTAL SGRvrc&S 2 · 
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BlolOQie(I( and s«Jfment M011ito1if'lf} at Rosa and Anvil Creeks, 2004 

E .. 
0 
N 

I 
f3. 
....... 
- "' "'-w 
...J 
CL 

w :E 
<t 0 0) V> g ·a u. 0 
0 ( 

It 

"' ~ 
(' 

~ 
0 

IH 
j:: 

U! <t -() "' 
~ 

0 IO ~ 
...J 

..... - "' 
i LIJ a: 

::> 0 ~ 

Li: 

~~ £NVIRONMl:fffAl SERVICES 4 



;... 

L 

L 

3.0 .METHODS . 
. . 

The 2004 biological monitoring program conSiSted of two field surveys conducteq on· July 19_., and 
20°' • and on August 23rd an~ 24tt. Helicopter access wa~ requirect for the sites sauated on the ~r 
main$lem of Rose Creek and the sites on·AnvH Creek. Tne remaining sites were accessed by 
vehide and on toot. 

3.1 water aua11ty 

Wat« quality samJ)les were collected at eaCh site in JlAy' :and. in AuguSt The samples were -.. 
collected in a fast flowing' section of the stream upstream Of the se<llm.ent and ·benthlc sampler 
locations. · · · · · 

... 
3.1: 1' .. Fleld Measurements 

·rn-situ measurements were taken at eaCh site during both. surveys. ConductivitY an~ tef!lpendure 
were detennine.d with an Orioi:i conductivity meter model 126. Dissolved oxygen_ ~ings were. 
obtained USing an. Orion oxygen meter model 829 and pH measurements were 1aken .using ·an· 
Accumet Portabte APS1 pH meter. · 

. . 

3.1 .2 Chemical Analyse$ 

All samf.'.lle botues were SuPplled by Can1est Laborat0nes of Burnaby, B.C. and.·we~ 'J>rOVided to · 
LES pers9nnel at the Faro Mine Security ~. At each site,. the sampie bottles were ri~ three . 

· times with the sample .water prior to 'filling. Samples were coll~ed In two titre plas6c botUes for 
sulphates, alkarinity, ammonia, hardness •. colour, turbidity and nonfites:able reSidue ~naiyses. 
Ammonia samples were collected in ~oo mL plastic bottles and ~reserved with sulphu~ acid. 

· Saniples ~o be analyzed for t~ metals and dissolved metals Were Colleeted In 250 ml acid 
washed plastiC boitles. The 'total .metals samples were preserved With nit~ acid .. The dfssaved 
metals samples were left unpreseived ~o be filtered and treat~ at the lab. Samples· were kept cooi 
prior to shipment.to cant~. 

Oiseharge was measured at eaqh of the sites, where possible, on both vials. An area with a unifcim 
cross section was chosen a,nd the velocity and deptti \vere ·measured using a AA Price vek>olty 

. meter. Ten· or more re-adings were taken across the profile. of th'e stream. Total °d_isdtarge Was 
calculated as .the sum Of these individual diScharges (,area x velocity). 

..t_~ ENVIRONt-£NTA1. SERVICES 5 · 
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Blologlcal_ and SsdimMt Mooitoring at R08e and Af!vil Creeks, 2004 · 

3.3 · Stream Sediment Sam piing .. · 

Triplicate stream sediment samples were collected from each· site In July. Sample sites were 
selected from areas of deposition along ·the stream b~n~ •. generally ch.aracterized by the finest 
grain. size evident at the site. Samples were collected with . a stainless steel trowel and placed in 
zip-lopk .plastic bags. The samples were packed With Ice packs when shipPed to Cantest. 

' . 
. At the tab, the_ samples .t.vere dried and passed through a-1 oo mesb (0.1 S ~m) stainless steel 
sieve. The portion passing through the 'sieve was run through an ICP scan for the deten:ntnatlon of 
total metal conee.nuations. : . 

3.4 ~enthlc ln~ertebrate Sampling 

3.4: 1- Field collection . 

Artificial substrate samplers were used for benthic· invertebra'te sampling. The basket .68mplers 
were cyllndrlcal In shape, measured 26 cm Jong with a diameter of 17 cm, and were ~~tructed of. 

· galvanized Wire with a one centim~tre mesh. Each substrate sampler was· fjlle~ with washed 
Indigenous graveJs coilectect from the ~tream bed or the bank at ~ach ·samP.le.'site .. The surface 
area pro'Jided by this •artificial substrate• ~s app~ximatety 6000 · ±-100o cm2 (BBker1979); 

Three rock filled samplers were submerged I~. riffle.areas of the stream at. eadl.site on July 19th or .. 
2rf'. These samplers .were left t9 colonize for five :weeks~ On· August 23rd and 241tl, :2004, the . , · 
'artlficlat s~b~trate samplers were retriev~ by pl~clng a screened bucket with Ji 3oQ ~~ mesh, . 
downstream and under.1he basket. On shore the basket was opened in the bucket. ln_dividuat: 
rocks were then carefully washed In the screened bucket to remove and collect all .Invertebrates 
from that sample. The detritus and ~nthio ·invertebrates remaining In the bucket were placed i~ a 

. one "litre nalgene bottle ar:id preserved with.10% formalin. These samples wefe sent to Charles 
. LoW PhD, ~n entoniologist in Vict~·ria, B.C. for enumeration and identifica1ion: 

3.4.2 Laboratory Analysls 

' . 
. All samples ·were waShed through two 8creens with mesh sizes 1 millimetre' and 180 microns. AU 
Of the . organisms retained by the coarse' screen were c0Ur:1ted and identified, Wherea, the 
organisms on the 180 micrcm ·$C'.t'een were s4~sampled as necessary. A Folsom plankton splmer 
was used for the subsampling. The spl_it fraction that was analyzed is Indicated underneath the 

statlO"n ~umbedn Appendix'c. The majority of the benthQS were ldentlfled to the genus teve.1. 

,i~ ENVIRONMENTAL SERVICES a · 
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Blo/ofJ/Cal Md Sediment MOllitonng at Rose find AnvH Crooks, 2004 

4.0 RESULTS AND DISCUSSION 

4.1 · · Water Quallty 

.. 
W~ter quality samples were collected ~t each of the sites on both visits during the summer of 
2004. The analytical result's are presented in ~ppendlx A. SiXteer:i parameters (Sb, As, Be, Bi, _B, 
~r, Hg, P, Se,_ Ag, Te, ~I, Th, Sn, V. and· Zr) were below the method detection limit in all of the 
samples on both occasions in 1he dissolved arld total states . . 

Part 3 of· Schedule B specifically reque~ts the· ~natyeie of total hardnf:?SS! alkalinity, sulphate; 
suspended solids, ammonia, ~nd total and dissolved copper; Iron, lead and zinc. The results for 
these parametenrand the In-situ ~ata are presented In Table 1, with discussion per parameter 
presented below. 

4.1.1 Temperature 

. . . 
The temperature vatues reflected the diurnal and seasonal timing of the sampling. ranging from 

· 5.8°C at R6 on· August 2411 to 13.2~0 at ~ on July 23rd. 

4.1.2 · Conductivity arid Total Hardness 

Calcium and m~gnesium are conslder~d 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 9reek (R2, R3 and R4) were very hard dunng the 
August sampling~ ConductMty; which is a measur~ of the ionic constituents in water, had a similar 
trend to total hardness with lower values in the upstream sites and considerably higher values in 
the downstr:eam sites. 

4.1 .3· pH an.d Alkallntty 

All pH value:s· ~ere ·slightly alkaline ranging from 7 .90 at R2 to 8.48 at R5. Alkalinity is a measure 
of the buffering capacity of naluraJ waters against ch~nges in pH relating to the catbonate syatem. . 
Alkalfnity values were fSirty consistent throughout out: Generaly sites R5 and R6 had the highest 
alkalinity, There w~s an anomalous lo\v value of 4.3 documented at R1. Thie la highly Inconsistent 
With other ~eadings collected here over time end it is s~spected to~ lab error . 

. 4.1.4 Dissolved Oxygen 

AJI sites were well aerated. 

,.4~ ENVIRONMENTAL SERVICES 7 
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TABLE 1 , 
WATER QUALJTY DATA, 2004 

-
Sample Site R1 R2 Ra R4 

Date, 2004 Ju~_Y 1~ Aug23 July 11> Mg28 J_ufy20 A.ug24 J ulf20 AUil ;o\4 . JJll)',20 

Bow,m:t/seo 1.364 1.061 1.467 1.112 1.616 1.3:17 . . 2. ti?& 1.121~· 4.639 

Temp·c 1.1.8 9.5 12.6 13.2 I 13.1 8.8 11.8 r.a 8.8 I 

Concl~ 194 . . 20'9 21i12 571 '2bf" 501 2BB ·44& . 253 
(uS/cm) . . . ' 

. . 
. pH (ln-Gitu) . 6. 12 '7.94 . 7.00 8.04 a22 8.2:7. 

: 
8.'22 !!.34 aae· 

' . 
D.O. (mgll.) - . 9.0 7.6 8.1 11.9 9.2 8.5 9.4 9.3 

Alkalinity . 4-l . ·99_4 111 123 . 
m;A. as eacoa 

113 , 124 112 121 f a3 

Su(phate . . 17;3 19.9 58.3 240 49.4 1M . 54.1 148 21.4 

Ammonia <0.01 D.02 0.02 0.26 0.02. o.n 0.01 0.'03 Q.01 

NFR <1 <' . <1 l <1 <1 <1 <1 <1 
'I . . 

Ccpper-t.o~ <0.001 . <o.001 <a.001 . 0.001 <O,D01. 0.001 DJl02 ~.001 · <O.OO!I 
-dissotved _<O.OOt <D.001 <0.001 <D.001 <0 .. 001 <l0.001 <0.001 <0.001 <ti.rot . . 

tron - t:otar 0.18 0.3S O.M 0.51 a..21 ·o..n . 0.14 0.20 (J,07 
. - dsso!Ved <0.00 0.27 0.18 D.A3 0,14 0.32. 0. i1 0.17 <0.05 

- Leacl-total <0.001 <D.001 ~0. 001 <0.001' <0,001 caoo1 . <0.001 0.001 ~-001 
- diHCJMMf <0.001 . . <0.001 . ci0.001 .:fl.Otl1i <D,00·1 <U.001 <0.001 <0'.001 q],001 

21rie - total 0.010 .0.011 0.016 O.OA 0.012 0-:039 ii.ooe 1);013 . <0.005 . 
. - dissolved '0.006 0.007 '0..015 . ~.057 .o.0_10 G.QU 0.007 0.0:10 . <C,005 

.. ' 
Total Hardnell:$. 1b2 102 144 296 151 255 . . 153 2Z2 1~ 
mcA. as caco3 

NOTES; All units in.m9'L unfus ~H,lndl~:Valu~ In boi~ ind.Jcatettle CCME guidelir'8°has ~een-~· 
' 

R5 R6 

~24 I rM/20 Ai:Jg 24 

S.4$.6 · 2.400 1.726 

6.3 · a3 5.8 

275 I 254 . _272 

8.48 &.40 a43 

9.4 9.9 10.1 . . 
1.(2 1~6 . 143 

~ 

. , 

26.7 ; 21:.6 21.3 

<0.Q1 0 .. 01 <0.01 

3 .. .r;1 .<1 

0.001 0.001 <b.001 
<G.001' <0.001 .<0.001 

. o.20 0 .. 11 a.111 
0:.1a1 <0.05 D.18 

-~.001 <t:l.001. <0.001 
<0:.001 <D;001 <0,001 

0,008 <0.006 - <0.006 
<0.:005 .<D.005 .;l.005 

155 . 140 162 

. . . 

.. 

Jul~ 20 

0.582 
: 

10.3 

1et5 

6.06 

9.1 

92.1 

7.8 . 

0.07 

f 1 

~CL001' 

<0.001 

. a.10 
0,07 

<0:DD1 
. «i:001 

. . 
<0.005 
<0.005 

e7 

·. 

R7 

Aug24 

o.4n 

6.5 

172 

. B.11 

lil.l . 

95.0 

7.2 

<(J.01 

. <1· 

<0.001 . 
<D.001 

0.19 
. 0.12 

<0.001 
<0.001 

.., . 
~005 
<o.oos 

·81 
.' 

I 

I 
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l 
J· 
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S,loJoglcal and Sedi"!'Jni'Monit.oring at RoH·snd Anvil Cree!f$1 2004 

4.1.5 Sulphate 

~ufphate concentrations. were· low (7.8· to 58.3 mg/l) .throughout the· system 'in July. In August 
.concentra1ions ranged from 7 .2 mg/l at· R7 to _240 mg/L at R2. The sulphate coricentratlon at R2 . 
was 58.3 mg/L on July ~ 9tt1_ The slgnlfi.caht increase over the· ftve weeks is due to the fact that 
there was no discharge from the tailings impoundments (X5) during the July sampling but effluent 
Was flowing· in. August. · EJevated. concentrations are also evident to a lesser degree at the 
dbwnstream sites ·or R;3 and R4. Sulph~te ~ntrations nonnally yary from 10 to 80 mg/L i'n 
surfa9e waters (CC REM, 1.987). 

'. 

4.1.6 Ammonia 

' ' 

Amm.onl~ was detected at most of,-the sites bl.it w~s ~fl beloW the CCME reconimanded . 
_guf~lin~ of0.7 mg~L_ NH3. · · · 

4.1.7 . Non Fiiterabie Residue (N_FR) 

' . 
All waters were. very. clear with an occasional .reading of 3 mg/L, otherwise concentrations were 
below the method detectlo·n llinit of 1 · mg/l. · 

4 ~ 1 . 8 . TOtal and Dissolved Metals . . 
. . . . 

The valu'8 In bold In Table 1 Jndicate that the CCME guideline for the protection of freshwater 
aquatic life was exceeded for th~t ,parameter in that sample. The toxicity of s~ metals varies -

- . with. the -hardn~ Of the samJ)le waters (Tabie.. 2). Generally, toxicity of several 'metals to 
.freshWater aquatic organisms increases es 1he hardn~s ~f'the water decreases. COpper and lead_. 
coneentmtlons were very .kJ.w when sporadically detected. The CCME gufdeH!les were met et all 
sites for these two metals. 

· . Iron Weis dGt~ed ~t 'a11 Sites and ~Hg~t~ exceeded the. guideline at R1. R2. ancl R3. 

.. .Zinc wa$ detected throughout and the CCME guid~line was sliShtly exceeded at R2 a_nd R3 In the . 
August samples. 

', 

'The' a~ mehtl ooncentrations have been~ discussed in relation to the CCME guidelines. It ls 
important to.note that the limits 88 sef out under '~e. Water Licence" is~ued by the Yu~OJl Terri_tory 

· Water .Board apply to the discharge point-arid .there is no obligation to meet the QCME criteria in 
· th'? r~Mng Waters at this time. 

~ ' 
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Bioloflicel and S9dirrl6nt Monitoring. at Rose end Anvil CIJJeks, 2004 · . . ' 

TABLE 2 
CCME RECOMMENDED GUIDELINES .FORTHE PROTECTION OF 

FRESHWATER' AQUATIC LIFE .. . . 

: 
HARDNESS· -COPP.ER LEAD IRON ZINC 

as QaC03 mg/L mg/L mg/L mg/L ·. : __ mg/L 

0-60 soft 0.002 0.001 0.3 0.03 

60 - 120 medlum soft 0.002· 0:002 0.3 .0.03 

120-180 ·hard 0.003 0.004 0.3 . 0.03 ' 

. >180 very hard 0,004 Q.007 ' o.~ 0.03 

4.2 Water Quantity. 

. . 

Watet ftow was measured at each of the sites in July and August These data are presented In 
Table ·1 with the water quality data. _The ~rrimer of 2004 was hot and dry. Wat~r levels were very 
low in August. 

4.3 Stream Sf1dlments 

Trlpllcate stream sediment- samptes Were coHected from all sites during th~ July v.isft. f.he -~suits 
for the metals analyses were averaged .and the standard deviation: was calculated· to determine 
the var1abUlty ·of metal c:Oncentrations at .each site (Append~ B). ~few metal~, .especialtY those 

· with high-concentra.Uons, showed some variSblllty. Of the 30 metals af)alyzed, onty.ber'Y_lliun:t was 
below the methOd detection JlmH. 

Six meta!s (arsenic, cadmium copper, mercury, lead and zinc) known to be toXic to the aquatic 
environment were examined in det.an. The mean concentrations of these metals were compared 

-to the CCME (1999) interim freshwate~ sediment quality guidelines (ISQG).and to the probable 
. ' . 

effects l~vels (PEL) (Table 3). Generatly, .concentrations greater than the PEL have. a 5~% 
Incidence of creating _adverse blol~loal effeow. 

The highest ~ncentrations of metals in ,the_ stream sediments Occurred at R2. Sirn;:e this stte Is 
l~mttdlately downstream of the tailings facility, it w9uld receiV~ .the greatest imj)act frOm rrii~lng 
-related activity. The PEL for arQenfc, lead and zinc was. exceeded.at R2. Altho·ugt} concentratiqn·s 

0 • I • 

were not quite aa high, the PEL tor lead and zinc was also exceeded at R1·, R3 and .R4. The ISQG 
.was exCeeded for arsenic, cadmium ~nd copper at most s~tes but com:~~ntrat!ons were ge~erally 
wefl below the PEL The tSGQ for mercury was ex~eded at R2·only. 

,,l~ ENVIF\ONM~/ofTAL 5ERVICES 10 
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Blol0glcel end SedlmentMcnllortng at RQse and Anvn Crooks, 2004 

TAHU! ~ 

SUMMARY OF STREAM sec;uM&tlT METAL CONCl!NTRATKJNS 

STATION STATION AR SEMO CADMllM COf'Pa\ "1SRCURY LeAO ZINC 
NlMllEA OESC:RIPTION (pPJn) {ppm) • . (pptn) (ppm) (ppm) (ppm) 

R1 Jttiee ca uptttum .. t2.1 0.7 .18.3 0.091 f~IS 2oa 
~7 North fork of ROM C,..k tV . 0.6 . 17.3 o.~ 16 n 
R2 Roa~ d/1 td!gt J)(llld8 ft.I M'. 18.S D.18 .fl(J1 482 
IU RoH Crmldwiy betwffn R2. f. ~ 1f.8 0.8 "'' 0.12. 1~· m 
R4 RON Cr lilel ule Of Anvil Cree); 14.2 0.1 38.7 0.11. 1U m 
RO Anvil C1'110t 1111 P(OM C'"k 12.2 o.e 20..0 0.01; 11 e8 
RS Arwtl C!Ml df& Rote Creel< 11.4 0.0 oiU 0,04· .. 212 . . 

: . ISQG • lnleml FrMr-tar Sedlinent Qullllly Guldollnee. V•l11&• li1 tlOld 1rid1oo1e ~nc:e.. . . 
fl£L • Prob1blt Etr.dl Level (>80% 'If llMlrM tlfudb ~ aboM Ihle lewl. Valuet b~ and In Dold Ind~ tia:eedenc:.i$. 

Concentrations of· most of the mete ls were very. fow at RB and R7, which aie representative of 
ba~kground conditions. Although R1 Is looated upstream of the taillnge. faclllty1 concentrations of 
s&veral of the ta;.get metals were relatively high, and did exceed the PEL as.mentioned earlier. 

4.3. ~ Cof!1parisons With Paet Data . 

Lim~ data exists on. the geo(:hemistry of the stream . sediments ·in 1he Rose Creek system. 
Metals in sedrmente have not ba91l a licensed requirement for this system untn· the Issuance of 
Licence# QZ03-059 ·in March 2oo4. In 1996,, stream secJlm~nt samples were voitintarlly collected 
end analyzed for metals during the Rose Creek biological monitoring program (Bums, 1997). 
Environment .Canada conducted environmental 'Impact ~rveys downstream of the tailings 
impoundm~nt in 1983 (Gqdln an~ Oster1 1985) a11d in 1973 (Hoos and .Holman, 1973). Table ·4 
shows corripa.risons of sel6cted ·metal concentratiQns upstream on Rose Creek,. R1, and at the 

· downstrea~ sites oi R2 to R5. All ·data represents the mean ~f triplicate samples (N•3) except in 
1983· which Is· the mrage of two sets of trtpllcate samples collected. in July and August (N=6). 

- Environment .Canada ~id ·not coUect samples at R5 resulting in· only two sets of temporal d~ta. 
Ar'sen~ was not one of the six metals analyzed In 1973. The detection llmlt for cad~iun:i was very 
hlg~ ~n 1973 and this set of data hes been excluded. l;ach parameter has also been graphed 
(Figures 3 to 6) and in_ eludes E;ither the PEL or the ISQG, Wtirch ever is more meaningru1· for that 
·data· set. 

In March of 1975_, a .~amnge splll released 245,000 ~ic· metres of taifings slurry Into· Rose Creek 
(Godlrf and Osler. 1985) .. The 1983 data for arsenic and lead was consistently high at ·the 
downstream sites (R2, R3·and R4),· and were the highest documeryted to date. Concentrations of 
zinc were also elevated in 1983 at R2 and R3. These elevated levels 'could represent ·l,lnge(lng 
effects from the tailings spill of 1975 . 

.,t_~ fNviRONMENTAL SERVlceS ·11 
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Blo/ogloal and Sediment MonHoring at Rose and ArNU Creeks, 2004 

-

TABlE4 

COMPARISONS OF METAL CoNCENTRATION6INSWIMENTS,1973, 108l, 1906 AND 2004 

R.1 

R2 

R3 

R4 

RS 

A!1lenlc fl'lriml 

1973 1963 1998 ;aJU4 1S73 
' 

15 e 12 

86 32 20 

104 31 18 

51 32 14 

14 i1 

Conr»ntratlona of Ansenlc In Stream 
Sediments Over Time 

Cadmium 1oom1 
1983 1996 

0.8 0.6 

1.2 1.8 

1.1 1.0 

1.1 2.1 

o.e 

, i r:i PEL 

Figure 3 
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Concentn.Uons of Lead In Stream 
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R5 

2004 

0.7 

1.3 

0.8 

0.1 

0.9 

1913 

280 

83 

280 

I Dlld lt'IM'll 2"tD(DDm} 

1983 1996 2004 11173 ltltl.:J 1~ 

1~ 14 125 ZTO 200 221 

775 310 2$)1 tao 918 617 

681 244 165 440 9915 581 

585 267 153 886 008 

20 69 161 

Concentration• of Cadmium In Stream 
Sedrma~ai Over Tim• 

2004 
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482 

376 

293 
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12,0 
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Bfologk:al and Sedlm9nt Monitoring et Rose and AnvH CTH!<S. 2004 

M~tals in sed~mente are difficult to Interpret because levels vary widely as a function of natural 
minerali~tion .of local SQils within a given watershed. Based on the cur~nt data set. ·tt appears 
tliat concentrations of various metals have been decreasing since 1983. Concentrations of the 
selected ,met~ls at R5 are \Jery similar ta those at the upstream ·stte R1 . Lead levels however have 

· conslstentJy·been greater at R11han ~t R5: 

. ·4A Benthlc. lnvertebratea 

. . 
. F~& phyla were found In Rose and Anvil Creeks; Arthropoda, Annelida, N~matoda, Mollusca and 
· Cn,idaria-A total of 74 different taxonomk;i groups were identified within theee fl~e phy~. These 
data.are presented In Appendix B.. ' · · · 

. ' 

4.4.1 Ab~ndance and Taxonomic Richness , 

· -~ total numb.~r of organ.Isms for the' triplicates at each · site . was summed to· give a total 

abundance v~lue for that site. Populations at most of the sites were high ~nd ranged from 2,2n6 
individuals at RS to 55, 191 i~diViduals at R1. · 

Taxorio~I~ richness was detennined for each site by e·m.~merating ~II taxo11cimic groups ident~ed 
fro~ species-to 'phylum, as a measure of community diversity. All communities vier:e diveree 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 
~tiona were ·arranged on the X-axis to demonstrat41 wher~ the tributaries, R7 and R6, ~nter ·the 

-m~instem of Rose cf.ek. In con'lparison to the other sites; the populations at R4 and R5, the sites · 
on lower Rose and Anvil Cree~s. and . R6, upstream on Anvil Creek,' were· row, however the 

. communities here were equally diverse . 

. 4.4.2 . Distribution 

· . ,. ·The comp0sition of the benthos communltie$ was calculated ae a percentage of .the major . 
taxonomic orders present W~ pJe chart& g.enera~ed for-each site (Figure 8). The grouptng·"Other" 
is mad~ up of inverteb~a · from Coleoptera, Nematoda, Cnidaria, Copepoda, Gastropoda, 
·Bivalva, Hirudinea~ Homoptera, Hydracartna aru:fi'.or. Ostracoda, Based on th~, taxa were then · 

. c1assifi.~ With respect to 1helr dominance within the community (Table 5). 

Diptera was the dortlinarit order at all of the s·ltes.. Ephemeroptera shared dominance at R3 and 
.R6. Within these two groups, the far:nlly.C.hlronomidae formed the majority of Dlpterans end the 
family Baetidae fomted the majority of Ephemeropterans. Not a lot Is known about the specific life 
cycles of Insects inhabiting the north. However, the family Baetidae has frequently been found in 
large n~mbera In the Rose Creek system in the· past, with a record number of' over ·23,000 

.!,.~ fitMRONMENTALSERVICES 



Biolofliasl end Sedimef'ft Monitoring st Rooo and Anvil Creeks, 2004 

StTE SlTE ABUNDANCE TAXOMONIC 
DESCRIPTION RICHNESS 

R1 • Rose Creek upstream 56, 1~1 40 
R7 North Fork of R06D Creek 32,380 44 
R2 Rosa Creak die tallnge ponds end diversion canal 38,042 48 
RS Rosa Creek midway between R2 and R-4 30,826 41 
R4 Rose Creel< just u/s of Anvil C11t&k 4,984 44 
·RB Anvl Creek just ula of Roaa Creek 8,759 48 
AS Anvl Creek d/a of Rosa Creek 2,206 44 

•' 

60,000 -r------------------ -------,· 60 

. 50,000 1'0 

40,000 40 I I •o.ooo 
i 

30 i 

20 ~ 20,000 

10,000 10 

0 

1-ABUNDANCe ..... 1AX0NoM1c RICH~ess I 

FIGURE 7 Abundance and Taxonomic Rlchneu 1t Rose and Anvil Creeks, 2004 
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Bio~.' end Sediment MonHoring al Rose end AnvU CIWM, 2004 

Baetidae collected at R3 in 1994. Chironom!ds have consistently been collected in ~he study area 
and generany have been the dominant group at the sites. 

Ephemeroptera was subdominant at the · other sites except at R5. where OAgochaeta was 
subdominant. Oligochaeta was either common or rare at the rest of the sties. Pleooptera and 
DOther" were common at all sites and Trichoptera'was either commcn· or rare. ' 

In generaf, the composition of the seven benthic communiltes was similar. 

TABLE 5 
., 

TAXONOMIC DISTRIBUTIO~ OF BENTHIC INVERTABRATES 

SITE DOMINANT SUBDOMINANT COMMON RARE 
~5%) (10% 'W 24.9%) (LO% to.9..9%Y (0.1% to 0.9%) 

·- --

R1 Diptera Ephemeroptera Plecoptera · Trlchoptera 
Other Ollgochaeta 

R2 Diptera Ephemeroptera Other 
Plecoptera . 
Oligoch~eta ' 

' ' 

Trichoptera -

R3 Diptera Plecoptere Trlchoptera 
Ephemeroptera . other Ofigochaeta· 

R4 Diptera Ephe~roptera Oligochae~ 

' ' 
Trichopte<a . 
Ptecoptera 
Other 

RS Diptera Oligochaeta Epherneroptera Trichoptera 
Plecopter1i 
Other 

R6 Dlptera Plecopera Oligochaeta 
. Ephemercptera other 

Trichoptera 
' 

R7 Oiptera Ephemeroptera Trichoptera 
Plecoptera -
Oligochaeta 

· Other 
..; 

! 
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Bfologicsl and Sediment ~Omtolfng at ROl!le ·end Anvil.Creeks, 29,04 · 

T~e insect a·rders Ephemeroptera, Ttichoptera and Piecoptera are sensitive to most types·_ ~f 
pollutiol) (Ros~nberg and Resh. 19'93). Lehmkuhl .(1979) has identified_ several groups within 

these Insect orders that have very low tolerance to chemical pollution. Eleven of. these taxa (six 
taXa wltf11n ~lecoptera, three taxa within Ephemeroptera and two taxa within frichoptera) have 
been Identified In . the Rose and AnvU Creek· study area. Table 6 summarizes the presence ·or 
absen9$ of each .of these taxa per ~ite. All of: th~ sens~ve taxa we!"$ present~ R3. Ten out of 
eleven taxa were p·resent at R4, ·ryine at R2, RS and R7, and eight at R1 and Ft6. . 

. • I 

! . . 
All sites had good representa~ion of pollutl~n sensitive ·insects alttlqugh interestingly, the 
~round slt~s R1 and REf had.the least number of sensitive species pre5ent. . . . . 

TAEJLE . 8 

. Preeen~e (:+"} and Abeence· H ·of Seneltlv& T•xa' at Rose and Anvll c ... ek• . . ' . 
Sensitive Taxa .R1 R2 R3 R4 R5 · R6 . R7 

~lecoptera . 
Nemo!Jrldae :,. + + + + ... + 
Perlodlt:lae . . + + + · ·+ - ~ + t 

CapnHdae + + + + + + + 
Taenlopterjgidae + + + ... +- ... + 
Chlorope.rlidae . + ·+ ·+ + - + 
Leuctrid~e 

. + - - - - .. -
· Eph',meroptera 

Epeorus - - + + + + + 
EphemereUidae + ,. + + + + + 
Rithrogena· + +· + + + + + 

· 1'rlcJtopt~r• 
' 

: . 
Brachycentriidae i' +. ... + - - -
Rhyacophllidae + + + + 1' + + 

Total# of-eeneitive taxa~ 8 9 •' 11 10 9· 8 9 .. 
After Lehmkuhl'(1979) ' ' 

~.4.3 Comparisons with Past Data . 

Several studies to assess the health of OOO~Y$tem_s · have ~~n · conducted ueing ben1hlc 
macr~invertebrates ·(Rosenberg and Resh, ' 1993). Using benthlc lnvertebra'es In blomonltor1ng · 
~ers _many advantag~s for the fo.lk>Wlng reason's;· they. are ·ubfquttou.s, they are abundant and 

easy to collect, there are a . large · i:iumber of species offering a spectrum of .. re$ponses to 
environm~ntal stress, they are generany s~entary and therefore are representative-of local 

.oon~itlons, and they have_ long life cycles_ compared to o~her groups (i.e. periphyton). As such, 

~~ ENVIROllM!NTAL SER\'tCES 



Biologics/ and Sedimsnt Monitoring st Rose snd Anvil C/:&eks, 2004 · . . ' 

benthic macrcinvertebrates ·act as contlnuou.s monitors of the-water they Inhabit. A•ssments are 
often based on 1axa nchness and the abundanee of pollution sens.ltlVe Insect orders. 

The· data ~llected in 2004 represent some of ihe highest p0pOlations recorded.· ~ince sa~plin~ 
first began I~ 1973. The warm temperatµres experlence'd duririg the s1;1mmer .of 2004 may have 
Increased algal and p~rlphyton .Production. majOr food re.sourees. for . SC(a·perS. ~.lter1ng and 
collector. functional feeding groups, such as several genera of Ephemeroptera, Trlchoptera and · . 
Chironomidae. Hatching is ttigger8d by warm temperatUl'8$. and the warm . dry summer .. 
experienced in 2004 ooutd have contributed to the emergence Of higher numbers of sev~ral insect 
species. However, th.is ooee not. explain. the unusual~ low populatlo~ n_uinbers ~cumented at R4 
and R5 in 2004. 

Over the years vaffous agencies ~d companleS have collected benthic da.ta fi:om t~e Rose ~Creek 
system using various sampling ·rnethpds at varying times of the open water eeason1 Summaries of 

·. the ·past sixt~n ye~rs of Company (AnvU Range and Curragti · ~uroes) monitoring data have 
· been. tabulated (Table 7). In each of t.hese nrne survey~, artificfal substrate. samplel'S were us_ec,,: 

the same sample site locations we.re employed and ttie sampling pe.rsonnel were . consistent. h'I. 
addlti.oo, the quality of the habitat (riparian ~station and stream· substrate) at each of thes~ slt&s 
has ~nged ~latively ittle over the past sixteen years. Con~~ntty: some temporal and spatial 
comparisons can appropriately be made. 

. . . . 
The populations of the· benthic communities at each of the -sites fluctuated significantly .over the 
sixteen Years examined, with a general trend to ·M Increase in numbers in recent years: Figure 9 .. 
~ows the abundan~ ·at each site for the nine su".Veys examined. J"he highest population ·at·R1 
·and R2 was documented In 2004, at R5 and R6 in 2000, at R4 and R7 in 1998 and at R3 in 1994. 
Population numbers were generally low in ~ late 60$ and earty 90s. · 

Based on· the abundance data · ft appears that .1he benthic . popufations are recovering and · 
improving. at R2 over time, the site receiving the greate5t potential lmpaci from t~e talllngs facility. 
The .stream sedi~nts here . contair:ied the· highest qoncentr~tlon of m~tals ~h . several 
parameters exceeding 1he probably effects tevels (refer back to Table 3). These concentrations 

. would· indicate a high incidence of adver8e effects to the blQtic cc;>mmunityi ·however p0pulatlon 
numbers were high at R2, th~ communtty was diverse and there was good represen1etlon. of 
chemlcai sensitive organisms. T~se data would jndicate ihat atthough high concentrations of 
metals Qxist in the stream sediments, they presumably are not in-a. bloavaUable fomi. · 

. . 

!'Jtllough pop~lation numbers were relatiVely ~ow at R4 ove:r the years, the taxonomic richness and 
high numbers of sensitive taxa documented In 'recent years. indicate a healthy bent.hi~ community • 
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Bk>IOfJlcaf ahef SfJdlmentMonltorlng at Rose end Anvtl Creeks, 2004 
I - • I ~ 

... -·-- ... ... .. . 
r-.1 

C<imparteon tA Benthle O.ta over a 19 Y1tar Period 

~ Year 'l'otal TllXDtlOINc N~¢ DomlniiiitT• 
~~ ~ ISm8i1lvw 

T&l!ll 

Rf 111M 12e 2-4· 8 ~aE!liie~ 
1DQO 1,313 21 IS OlptlQ&~ 
11192 • 1,141 'Z1 7 . 

. Dli*l'll 
• 11194 II.~ eo 8 e~ 
100$ 1,m· 117 B Olpl«I 
18118 &O,aoa 5T 10 Olp!Oi:allo~ . ::zooc 6.~ IS7 10 Of~ 
ml 9.9e& eo 8 Dlpll_rl . 
2004 65, t&1 .fll 8 DI~ 

IU .10&4 1111 2" (I 

~DfP!Ola 1RGO -4,664 :20 .. 
199'l •oo 14 . 3 Dlflt.anl 
1894 &20 47' II l!pht~" Dlpt9!Q 

" 

1119e ~1 ~ - ~ ~&~ 
1998 · 1,946 .. 7 e Dlptwll & Epnerneni~tn 
2000 6,811 48 7 Olp!l!G&E~ 
:2002 1',1139 5" 6 Dlplvfw & OllgQQl'IQOlll 
2004 38,042 .., 9 Of~ 

R* 11189 . 32 8 , Plf*Wll 
1890 z,AOe 20 IS Mndldl!"~ 
tff~ 32t 12 2 DIDIM 

. 1•~ ~,6711 49 9 ~ & f'ltcop!lla 
1m 144 211 7 Clplln 
19189. 13, .. 91 )9 10 Olple111 
2000 16.~ .. 2 7 ~ 
2002 1,808 . 'IQ e ~ 4iP!j)C*to 
21)().1 30,828, 411 11 Of!*l'll S. l!fll'*~op\lllA 

NI .. 1981 11$ 1fi 2 -~ ... 1990 2,176 :20 • DlpWa 
1m 312 14 1 ~ 
11$4 z.aes !3 ' Ephome.•11pl111'1i"& Dfp!d 
1999 ee& 35 9 ~ 
189a . U lt '48 10 ~&C>lptn 
2000 N.D. N.D. N.D. N.D. 
200'Z •,ao ~ 9 . 0!)1(.0le· 

~ A,90<! ... 10 Dlima 

N 190& 421.i 22 · · 7 Dlpw. & PltC:lopWI 
tffO· 3.,.t70 2e ., Dlpleta 
1m 1.~3 2' 6 DtpW!w & A$1nl 
1~ 4,11$ 66 • 7 Olllld 
1Q91! · 2,72111 .c.:J • Dti*l'I 

·. 1968 7,W.t .44 10 . Olpin&~ 
2000 66,9711 ~ iD QI~ 
2002 . 15,0U a I Dfp!a'JI 
2ll04 2,208 "" II Dll!IMI 

N 1988 N.O. H.D. N.P. N,D, 
19i0 . . 3,.tn u & DI~ 
1111l2 3,llf1 31 7 D!p!9111 
11111o4 16,A31 46 7 -~ & Efiheme~ 
tM 2,741 il6 (I lllp!al:a 
1998 :ZS,114-4 .43 9 -~&!phe~ 
mo 39,344 liti 10 ~ 
2002 1,232 38 e ~ 
200<! · Mai 41 a Cipl111'8&l!!'~lll 

RT 1eea N.D. N.D. -N.D. N.D. 
1&90 2, .. $7 29 a . Otpier. 
1992 1,053 22 ... Olr:ant 
1~ 14,758 

"" 
II Dlpcatl! ' 

1.e· 1,~ 46 I OIPI-
1119& :i~.m 44 g OJ~ 

-~ '4,674 '° a Dlpltll 
2002 · 10,965 3T 7 - Olp!ef!! 
~ 32,~ 44 9 Olplora . 

. . . . 

N.D. • rd dare 

.. 
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Biological and Sediment MonHoriflrJ at R086 and Anvil Cteek8, 2004 

It is apparent from Table 7 that t:aXonomlc riehness has increased significantly at all sites since 
1994, indicating that communities have become more diverse and thus healthier. The same holds 
true for the number of sensitive taxa documented at the sites over time. The communities et R3 
and R4 appear to have been negatively .impacted from 1988 to 19941 but have improved 
conslderabty since then. 

Dominance has ueuaHy been Dlptera and one of the pollution sensitive orders, at most of the sites 
over time. R7 has alWays been dominated by ·oiptera end appears to be a stable population. 

Figure I Abundance of Benthlc fnv•rtebratH at Rose and Anvfl Creaks c:ivor a Sixteen Y.ar Period 
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Biologics_! and Sediment Monitoring et Rose and Anvll Y,~eks, ~004 

5.0 . SUMMARY 

Overall,· the wat~r sampl8s collected at t~e sites in ·this study and analyze-d for the s"aiected 
parameters, Indicated good wate~ quality for the support of aquatic life. The watera teirted .were 
clear'. slightly alkaline and weil ·aerated. Concentrations of total and dissolved metals we~e 
generally very low· where detec~. - lro~ and ztnc· concentrations sllghtly .~x0eeded _the CCME: 
guldel!nes at ff2 and R3 .in August. 

The summer of 2004 _was hot· and dry ,r~sultlng in row flaws et all ~f the · sites,· ~speci~lly during 
August. · · · -

The highest concentratton of metals occurred in the . streem ·~iments at R2 where several 
peram'eters.exceeded the CCME probable effeds. levels~ This hSs m~de no apparent.effect .on the· 
benthic comm.unity: dwelling here .however, as population· numbers were high (the highest · 

·. doc.umented to date at R2), the co.mm~nlty.was diverse.and th~r~ wer~ sev~ral pollution sensit~e. . 
· specie$ present. 

The eomposition of the benthic macro invertebrate populations -was similar.at all of the .. sit~s and 
appeared heatthy and divePSe. The presence of ·numerous pollution sensitive in~ects throughout 
.the study area. Indicates healthy habitats (water and sediment_ quality). 

·Based on data collected · in 2004, and comparisons with historic data; 'it ap~ars that effluent from 
the talllrigs system currently has min'ir:nal, if any, Impact on the receiving environment . . . 

. ' 

. . 

. . 
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Biolo¢caJ end S&diment Monitoring 8t Rose Blld Anvll Creeks; 2004 · 
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WATER QUALllY DATA JULY.2004 APPENDIX A 

{ 

~ : &tmplelO R1 R2 R3 R4 R.5 R6 RT 
PANTESTJD .t072200S~ 407220056 4072200S7 407220058 407:220059. 4072.20Q60 407220061 
Cate Saljlpl~ ·' 7/19/2004 7/19/2004 7120/2004 7 /20/2fJ(J4 7120/2004 712012004 7120/2004 

Parameter Un Ha .. 
D:Jnventlonal ParatMteis 

EH, Laborat~ · pH units ·7.9 . 7.~2 ·7,99 8.01 8.18 8.'16 7.94 . 
Conductlvll}' ' uS/cm 176 265 261 251 223 222 162 

r True 'cotor· cu 7 . 7. . . 7 7 5 6 . B 

I Turbl!!!!l NTU 0.65 0.95 . 0.71 0.5 0.3 0:0 0.42 
Hardness cac03 mall 102 144 161 163 134 1'10 87 

Hardnese [ota2 caco3 mgJL. . 104 ' 151 '1$3 164 142 146 89 
Total Sus~nded Sollda mg/L <1 . < 1 <1 <1 <1 <1 < 1 
Total Alkalinity caco3 ll'1gJl, 4.3 111 115 112 133 135 9~.1. 

Dissolved su1ehate s04 mg/I.. 17.3 58.3 49.4 54.1 21 .4 21.s · · 7.8 
Ammonia Nlt~en N ~ <0.01 0.02 0.02 0.01 · 0.01 0.01 0.07 
· , Moht~ AJJIJIY8/$ 

Tot.Qt·AJuminum Al mi'.L 0.031 0.025 I 0,01 0.012 0.014 0.016 . 0.017 
Total Antfmon~ Sb mg/L < 0.001 . < 0.001 < 0.001 < 0.091 <0.001 < 0.001 <O.Q01 
Total Arienle Aa l'nglL . < 0.001 < 0.001 <0.001 -< 0.001 < 0.001 < 0.001 <0.001 
Total Barium Ba m(ILL 0.05 0.054 0.051 . 0.064 0.064 . 0.07 0.048 
Total Berylllum ~ , mgJL. < 0.001 < 0.001 . <o.ooi < 0.001 <0.001 < 0.001 < 0.001 
Total Bismuth Bl mg!L < 0.001 < 0.001 < D.001 . < 0.001 . .<0.001 <0.001 < 0.001 

· Total Boron B mgA.. <O.OS <0.05 ' · <O.DS < O.D~ ~0.05 <0.05 <'0,Q!i 
Total Cadmium Cc:I mRIL. -< 0 .0002 <0.0002 ·< 0.0002 <0.0002 < 0.0002 . < 0.0002 < 0 .0002 

·.Total C8kilum Ca mg/I.. • ' so 44.1 44.8 I 48 39.4 40.3 26.2 
.. Total Chromium Cr mdll ~ O.D01 <0.001 <0.001 < D.001 · < 0;001 < 0.001 < 0.001 

Total Cobalt Co mg/l. <0.001 < 0.001 <0.001 <0,001 < 0.001 < 0.001 < 0.001 
Total Coe~r Cu . mil: '. < 0.001 <0.001 · •t o.001 0.002 < 0.001 0.001 < 0.001 
Total lrvn Fe mg/L ' . 0;18 0 .38 .Q.27 .0.1..( 0.07 0.11 0.1 
Total Lead Pb . mQ!b < 0.001 <0.001 . <0.001 . <0.001 . .< 0 .001 < 0.001 < 0.001 
Total lithium LI . . m!lf1 . 0.005 0 .004 0.004 0.004 . 0.002 0.002 0.004 
Total Magnesium Mg : mg/L 7.07 10 9.89 10.6 10.6 11 S.74 
Total Manganese Mn· mQIL 0.026 0,5 0.33 0.13 0 .014 0.011 o.ooa 
Total Meieu~ Hg. Ug!b <0.02 <0.02 :- ~ 0-02 <0.02 <0.02 . <0.02 <0.02 
Total Molybdenum Mo n'IQ/t .o.oooe . < 0.0005 <0.0005 0.0007 0.0012 0.001 <0.0005 
Total Nlckel NI ·. I 

mgJI... < 0.001 0.002 0.002 0.001 <0.001 < 0.001 < 0.001 
.Total Phosphorus P04 mQIL < 0.15 <0.15 <0.16 <0.15 <0.16 < 0 .16 < 0 .15 
Total Potasslwn K mi'J:· 0.8 1.3 1.3 1.4 1.2 1.2 0.7 
TOtal Selenium Se mg/I.,. <-0.001 . < 0.001 <0.001 < 0.001 <0.001 < O.OQ1 <'0.001 
Total Silcon SI02 mgn_ 10.6 ·9.s ·9.4 9 9.8 9.9 10.6 

' 
Total Siver Ag mg/L < 0.00026 < 0.00026

1 

< 0.00026 <O.DOQ2!S < 0.00025 < O.OOQ~ <0.00026 

L · Total Sodium Na m~ 2.95 4.38 4.2 4..22 2 .05 2.03 .2.28 . 
. Total SttonU001 Sr matL 0.12 0.17 . 0.17 0 .18 ·0.11 . 0.11 0 .1 
Total TelkJl1um Te mgJL < 0.001 <0;001 < 0.001 < O.Q01 ' <0.001 ' < 0.001 < 0.001 
Total TMlllum Tl mg/l <0.0001 <0.0001 · c; 0.0001 · <0.0001 -< 0.0001 <0.0001 I( 0.0001. 
Total Thorh.m Tfl· mgJL <0.0005 < 0.0005 . <0.0005 <0.0006 < 0.0005 <0.0005 < 0.0005 
TOtal Tin Sn mgn_ < 0.001 <0.001 .< 0.001 < 0.001 

' 
< 0.001 <0.001 < 0.001 . 

Total Titanium 11 nJM. 0.002 . . 0.001 < 0.001 . < 0.001 < 0:001 0 .001 < 0.001 
Tatar Uru1lum U . m~ 0.0013 0.0015 .0.0014 0.0014 0 .0015 0.0016 0.0011 
TotarVenadlum V ma!!: < 0.001 < 0.001 <0.001 < 0.001 . < 0.001 < 0.001 < 0.001 
Total Zinc Zn mg/L 0.01·· 0.018 0.012 0.006 < 0.00.S <0.005 <0.005 

I 

I 
. Total Zlceonlum Zr mg/L .<0.01 <0.01 <0.01 <0.01 <0.01 . <0.01 < 0.01 

L 



APPENDIX A WATER_ QUALITY r;>ATAJULY 2004 

-mpre ID R1 · IU. R3 · R4 RS . R8 R7 
CANTESTID -407220055 .407220056 .C07220057 ~072:2QOSS 4072.20059 407220060_ 407220061 
Pate. Sampled 7/19/2004 7/1912004 7/20/2004 7120/2004 7/2012004 712012004 7120/2004 
P~ramoter Unit$ 

DIHOIVBCI Alumlnum /!J mgll 0.009 o.ooe <0.005 0.008 <0.005 . < 0~005 0.007· 
Oluolved AntJmC!:!}:'. Sb mg/L <.0.001 < 0.001 <0.001 < 0.001 <"0.001 < 0.001 < 0.001 
Olssolved Ars•>nlo Alt mg& ~ 0.001 < 0.001 < 0.001 <0.001 . < 0.001. ·<0.001 < 0.001 . 
Dls•olv•tf Barium Ba . _mQ!b ·O.OG 0.051 0.049 0.06 0.062 0.065. 0.047 
Dissolved B!!l1ll1.1m ee mg/L < 0.001 < 0,001 . < 0.001 <0.00~ < 0.001 <0.001 IC 0.001 
Dissolyed Bismuth Ell mg/L ,..: 0.001 < 0.001 < 0.001 <0.001 < 0.001 < 0.001 - <D.001 
Ol~lved Boron B mDLb. ·<0,05 <0.05 <0.05 <0.05 <0.~ <o.~ <O.OS 
Dlssofvad Cadmium Cd . mg/I.. < ·0.0002 ~0.0002 < 0.0002 . <0.0002 <0.0002 . < 0.0002 < 0.0002 
Dissolved dafcilLlm ca Mil!!: 29.3--. .- 42 44.4 .44.7 37.1 . 38.4 25.6 
Dissolved Chromium Cr mgll < 0.001 < 0.001 < o.oot < 0.001 '< 0.001 IC 0.001 <·0,001 
Dissolved Cobalt Co mall <0;001 .< 0.001 <0.00-t <0.001 :< 0.001 < 0.001; < 0.001 

· .OIHotved Co!!f!'' Cu· m~ <0.001 < 0.001 < 0.001 <'0,0()1 <0.001 < 0.001 < 0.001 
Oistolved Iron Fe mg/I,, < O.O!S 0.1$. ·o.14 . 0!11 <0.05 . <0.05 ·0.01 
Ol&sdlved 4ad Pb ~ <0.001 < 0.001 <0.001 < 0.001 · <·0.-001 ':C 0.001 . '<0.001 
DISSOived UthllJfll LI mg/I.. , 0.004 · l'..i.004 0.004 0.003 Q.002. . 0.002 0.004 
Dl8;$(>1ved Ma~eslum Ma mall. 6.94 ' 9.37 9.65 9.93 10.1 .10.8· 5.59 
Dissolved Man9ane10 Mn mg/L 0.012 . 0.47 · ·o.s1 0 ,13 0.01 D,005 0~004 
Ol$S,Ollfl!d Mo~denLlm Mo mgll. . <D.0005 <0.0005 < 0.000$ D.0008 0.001 0.001 < 0.0006 . 
Dissolved Nickel NI ·. mQ.!6 <0.001 0.002 0.001 0.001 < 0.001 · <O.OOf <.0.001 
Dissolved Phos~hC>n.ls PO~ mglL <0,15 . < D.15 <0.1S <.D.1S < 0~15 . <0.15 . . <0.15 
DiasOlved Potassium K .ma!k . 0.8 · 1.1 1.3 . 1.4 1.-1 1.2 .. ·o.e 
DIUolved Selenium SG mgJL <0.001 <0.001 < 0.001 < D.001 < 0.001 · < 0.001 < 0.001 
Dissolved Slllcon sro2 10.5 Q.3 9.3 .. 8.4 9 9.6 10.2 
OIGisolved Sffvw A < 0.00026 <0.00026 <0.00026 . < 0.000.25 < 0.00026 . < 0. < 0.00026 
D1$$olved Sodium Na 2.63 4 : 4.11 3.S9 1.98 1.97: ' 2.22 . 
Olssolved strontlum Sr m 0.1~ 0.16 0.17 0.16 .· . 0.11 0.11 0.099 
Cisa.alvaa Tellurium Te mg/l <0.001 < 0.001 < 0.001 < .001 <·0.001 <O.Obt < 0;001 
Dis5olved Thallium Tl' mgll. 

.. 

< 0.0001 < 0_0001 <0.0001 < 0.0001 <0.0001 <0.0001 < 0.00()1 
DIHolved Thorium Th m!11L <0.0005 <0.0005 <0.0005 <"0.0005 . <0.0006 <0.0005 - < 0.0006 
DlssDlved Tin Sn mslL .. <0.001 < o.oof < 0.001 <0.001 <0.001 < 0.001 <0.001 
Dissotvod Titanium Tl m!VL <; 0.001 < 0.001 < 0.001 < 0.001 <0.001 <·0.001 <0.001 
Dlstolved Uranium u !'lg/L 0.0012 · 0,0014 0.0014 0.0013 . 0.0014 . '0.001& 0.001 ' 
OlsSQf\le<:f Venadhm V mgJL <0.001 <D.001 < D.001 <0.001 ' < O.OOf < 0.001 . <0.001 
Dissolved Zlno Zn nlalL 'o.ooa 0.016 0.01 . 0.007 <0.006 ·:<0.005· . . <0.006 
DIS$Olvect Zirconium Zr !!!91.k <.0.01 <0.01 <0.01 <0.01 <0.01 . < 0,01° <0.01 

•, 



\ '. 

APPENDlXA WATER QUALITY DATA AUGUST 2004 

Cllent: Anvil Range Mining Corporation 
Download Date; 9/1/2004 . 
Project Name; 

Project" Number. 
Twice a year 

Samples n1celved:· 812612004 

TABL::E: ResUts of WATER Analyses 

-p~ID ., R1 R2 R3 R4 RS RI Rf 
· CANTESTID 40826044~ 408260#4 -4082e0445 408260446 40B260447 408260448 408260449 
Date Sampled· 8/2e.12oo4 8123/2004 . 8123/2004. 8/2312004 8/2312004 8123/2004 8/~3/2004 

Parameter UnHs 

Conventional Parame1e~ ' 
~.Laboratory pH units 7.66 ·1.10 7.91 7.98 1 e.12 8.1 7.81 
Conductivity uS/cm 223 e31 545 -.4sg . ' 299 293 187 
Tnie Colcir cu <S <5 <5 <5 : < !5 5 s 

[ 
. T:~dlty NTU . 0.81 2.2 1.6 1.1 . 1.3 0.44 0.52 

Hardness CaC03 mat I.. 102 296 255 ~ 155 152 81 
Hardness (Total) CaC03 mg/L 110 299 ,268 233 · 159 ·150 9U 
Total Suspended SoNds ~ < 1 3 <1 <1 3 <1 < 1 . 
Total A11ca11n1ty cac.03 . · mg/I; 99.4 . 123 124 121 142 143 95,8 

Blcarbonate.Alkallnlty HC03 mg/L 121 150 151 147 . 174 114 117 
· ea~ate Alkalinity cos mg/l <0.5 <0.S <D.5 <0.5 "< 0.5 < 0>5 .<0,5 

Hydroxide Alkallnlty OH rng/l. <0.6 <0.5 <D,5 <0.5 < 0.5 . < 0..6. <0.5 
Dissolved Sulphate 604 mg/L 19.9 240 180 148 2G.7 21 .3 7.2 
. Ammonia Nltipgen N mg/I. ·0.02 0.26 0.11 o:oa <O.Q1 . < 0.01 <0.01 

Melals Analy$1$ 
Total Alurnlnum Al mg/I... 0.007 0".0.21 0.007 <0.005 p.01 0 .014 Q.023 
Total Antimony Sb mg/L < 0.001 < 0.00.1 < 0.001 <0.001 <0.001 < 0.001 <-O.Oo1 
Toial Arae!)lc As mgJL < 0.001 <0.001 < o.ocn . < 0.001 <0!001 . < 0:001 <0.001 
Total Barium Ba mgll D.052 O.OitB '0.053 Q.074 0.074 0 .0715 0.051 
Total BetylQum ~e mgll < 0.001 . <0.001 <0,001 < 0.001 · <0.001 < 0.001 <"0.001 
Total.Bismuth Bi mg/L < 0.001 <0.001 < 0.001 < 0.001 <0.001 <0.001 < 0.001 
:rata1 Boron B mg/L . <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

Total Cadmium Cd . mg/L .. < 0.0002 < 0.0002 <O.Q®2 0.0006 0.0005 < 0 .0002 <0.DQ02 
Total ca1e1u·m Ca lng/L 32.2 . 86.B 78.1 87.7 . 44.B 43.9 29 . 

Total Chromium Ct mg/L < 0.001 < 0.001 · < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 
Total CObalt Co mg/L < 0.001 . 0.002 . 0.001 < 0.001 <0.901 < 0.001 < 0.001 
Total Coppet CU mgll < 0.001 0.001 0.001 . < 0.001 0.001 < 0.001 < 0.001 
Tat• Iron Fe mg/L 0.33 0.61 ·. 0.32 0.2 . 0.2 . 0.18 0.19 
Total Leed Pb mg/L < 0.001 < 0.001 < 0.001" 0.001 <0.001 < 0 .001 < 0.001 
Total LHhlum u mgJL ·0.004 0 .01 0,008 o.ooe· 0.002 0.002 0.005 

Total Magnesium Mg mg/L . 7.16 20 · 17.6 1!1., 11.5 11.3 6,18 
Total Manoancse Mn .mg/I.. 0.063 HUS 1.11 0.47 0.032 0.011 a.ooe 

· Total Mercury Hg· . l;IQIL < 0.02 <0.02 < 0.02 "< 0.02 . <0.02 <0.02· <0.02 
Total Molybdenum Mo rng/L < o.ooos 0.0008 . 0.0008 0.0007 0 .0014 0.0011 0.0008 

Total Nickel NI mg/l. < 0.001 0;005 0.004 0.002 <0.001 < 0.001 < 0.001 
Total Pho8phorue P04 mg/L <0.16 < 0.16 < 0.15 <0.15 <0.15 <0.15 <0.1$ 
Total P.otas.sfl.m K mgA. 0.9 ~.e 2.~ 2 1.3 1.3 0.1· 
Totai Selenltm Ge mgli.; < 0.001 < 0.001 < 0.001 < 0.001 <0.001 < 0.001 <0.001 
Total SWlcon Sl02 mg/l. 10.3 9.3 9.& ·8.7 9.7 10 11.1 . 
Total Sliver Ag mg/L < 0.00025 < D.0002.5 <0.00025 < 0.00026 < 0.0002.6 . < 0.00025 < 0.0002~ 

. Total ~Odium· Na mg/L .2.59 9.75 8.33 8.'r3 2!1-4 1 .97 2.6 
Total Sttontium. Sr mgll 0.14 0.3 . 0.27 0.24 . 0.1a 0.13 . 0.12 
Total Tefh.uium Te mgll. < 0.001 · < 0.001 < 0.001 < 0.001 · < 0.001 < 0.001 < 0.001· 
TotarnialHum Tl · mg/L < 0.0001 < 0.00(>1 . < 0.0001 . < 0.0001 < O.o0o1 < 0.0001 < 0.0001 
f ota1 Thorium Th motL . < 0.0005 < o.ooos < 0.0005 < 0.0005 . < 0.0005 < 0.0005 . <D.0005 

Total Tin Sn mg/I.:. <0.001 < 0.001 < 0.001 < 0;001 < 0.001 < 0.001 < 0.001 
Total THanlum 11 mgf!.. < 0.001 0.001 < D.001 < 0.001 <0.001 < 0.001 <0.001 
To1al Uninlum u mgJL 0.001~ 0.0017 0 .0016 0.0015 0.0017 9.0017 0.0011 
Tot.Ill Vanadium V nig/L < 0.001 < 0.001 · <0.001 < 0.001 <0.00:1 < 0.001 ..:0.001 
. Totai Zinc Zn . ing/L 0.011 0.058 . 0,039 '0.013 0.008 <'0,00,, <0.005 

I • . 
Tata( Zirconium Zr mg/L < 0.01 < 0.01 <0.01 < 0.01 < 0.01 <0.01 <0.01 

l 



APPENDIX A . WATER QUALITY DATA AUGUST 2004 

Client: Anvn RaQge Mining COIJ)Orsllon 
·0owntoad Date: 9/112004 ' 
ProJ~Name: Twice a year 

Project Number. 
S~mples received:· 8/26/2004 

. . ·. 
TABLE: ResuaS.ofWATER Analyses 

San:iple. ID 
.· 

R1 ·Rz R3 R4 RS R6 RJ 
CANTESTID 4082~~ 408260444 408260445 40820Q.4.4.0 406260447 408200446 <4082G<J.449 . 
Date Sampled · 8/23/2004 612312004 8/2312004 ' 812312004 812312004 8/~3/2004 ·e12i12004 

f'.l&l'a~eter Units 

DlssolVeclAlumlnum Al mg/I.. 0.006 . 0.01.U. <0.006 <0.005 o.ooa 0.007 a.oos 
· D~v.e:d Antimony Sb· mgll. <0.001 <·0.001 <0.001 -<0.001 < 0.001 . < 0.001 <0:001 

DissolY'ed Arsenic As mg/L < 0.001 . < D.001 < 0.001 . < 0.001 < 0:001 < 0.001 < 0.001 
DlssCllved Barium Ba rrutL 0.048 0.()46. 0.052· 0.072 0.07-4 0.075 0,043 
Dla9olved ~erynrum.Be mg/l. < 0.001 <0.001 . < 0.001 < 0.001 < 0.001 < 0.001 . < 0.001 

· · OlsGolved Bismuth Bl· · mg11. < 0.001 i< 0.001 < 0.001 . < O.QOt < 0.001 . < O.OP1. <0.001 
Dissolved Boron B mgll <0.05 <0.05 <0.05 <0.0~ <0.05 .:C:0.05, . <0.05 

DlssoJ,ved ~mium Cd mgi'L . <
0

0.0002 < 0.0002 . <0.0002 < 0.0002 <0.0002 < 0.0002 < 0.0002 
Dlssol>Jed Calcium ca mg/L ' 30.2 ' 86 74.6 65 '3.8 42.7 24.1 

· DIS90ll/ed chromium er mglL ~ 0.001 .< o:oot < 0.001 <0.001 <: 0.001 < 0.001 < 0.001 
Dtssolv8d Cobalt eo lltg/L < 0.001 0.002 0 ,00.1 .< 0.001 <0.001 < 0.001 < 0.001 
OlssoJved Copper Cu lllQ/l < 0.001 < 0 .001 <0.001 <0.001 < 0.001 . <0.001 < 0.001 
Dissolved tron Fe . · mgll.. 0.27 0.43 o .. 32. 0 .17 0.19 0.18 0.12 
bi~lved Lead Pb mg/L . <'0.001 < 0.001 < 0.001 <0:001 .< 0.001' <0.001 < 0.001 
Dissolved Uthlum LI mg/I.. D.004 0.009 . 0.008 0.006 ,0 .. 002 ~.002 0.004 

Dissolved Magnesium Mg mg.IL . 6 .417 1'9.8 10.7· 1.if..5· . 11.1 11 .5.1 
Dissolved MaBg~nese Mn mg.IL 0.06 1.67 . 1 .0~ 0.45 d.029 0.01 0.006 
Olssolve;O Molybdenum Mo mgA. . < o.ooos 0.0008 0.0007. 0.0007 O.Q01 0 .001 < 0.0005 

OlSsorved Nlokel NI · rrigA. < 0.001 0 .004 0.003 0,001 < 0.001 < 0 .001 < 0.001 
Dissolved Phosphorus P04 mgll <0.15 < 0.15 <0.15 <D.1! . <0.15 < 0.15 <'0.15 
OIMOIY.ed Pota661um K mg/L 0.8 2.8 2.2 1.8 1.2 . 1 .2 0.5 
Dl~lved Selenium so mglL < 0 .001 < D.001 < 0.001 <0.001 < 0.001 < 0.001 < 0.001 
Dissolved Slllcon SI02 mg/L . ' 9.'4 9.2 .. 9 .1 B.7 9.4 9.4 9..4 
Dlseiolved Sliver Ag mglL . <0.00025 < 0.00025 . < 0.00026 < 0.00025 <0.00025 < 0 .0002.5 <0.00025 

· DISSOived ~um Na mg/l:. 2.29 st& : 7.71 6.31 2.08 1.89 2.06 
·01ssah1ed Gttontlum St mglL 0.18 0.20 02.1 0.23 . 0.13 0.13 0.098 
Dmolved Tellt#ium :re mg/I.. < 0.001 < 0.001 .<0.001- ~ 0~001 < 0.001 <O.OOf < 0.001 
Dissolved Thel.Uum Tl mgJL < 0.0001 < 0.0001, < o.oocn < O.OOC'J1 <0.000j < 0.0001 < 0.0001 
015.9olved Thortum Th ·mg/L < 0.0005 <0.0005 <0.0005 < 0.0005 <0.0005 <D.0005 < 0 .0005 
Dissolved TJn.Sn · mgJL <.0.001 < 0.001 . < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 

DISSOived Tltal'l(um Tl moll < 0.001 0.001 < 0.001 < 0 .001 < 0.001 . < 0.001 < Q.001 
Dlmlvtd Uranium u mgJL 0.0012 o.0·011 '0.0016 0.0014 0.0017 0,0017 0,0009 

·OlssolvOO Vanadium V n:iglL. ' < 0.001 < 0.001 < 0.001 < 0.001 · < 0.001 < 0.001' < 0.001 
Dlssolved Zinc Zil 'mg/L 0.007 . 0 .057 - 0.034 ·a.01 <D.005 <0.005 < 0.005 

Clssolved Zirconium z.r rn(P.'L < 0.01 < 0.01 < 0.01 <0.01 <0.01 <0.01 <0.01 
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APPENCIXB STREAM. ~MENT METALS DATA 2004, C~TEST ~BORATORY 
. I 

Sample.a:> pH -Sb As .Ba a. Cd Ci Co Cu Pb ~ Mo Ni . Se Ag 11 
: 

R-11'\ 7.8 -0.7 18 252 . < 1 " 1.2 39 17 . 27 249 0.18 1.4 ~ 0.9 0.3 0.3 R-18 7.7 <0.1 8.9 137 <1 0.6 32 9 15 69.5 . 0.05 1.1 24 0.4 o. ~ 0.2 R-10 1.6 <0.1 9.4 136 <1 o.s ·24. 10 13. 57.3 ' 0.04 . 0.7 24 0.5 0.1 . 0.,2 . Meari: 7.6 0.1 12.1 175.D ci,7 31.7 .12.0 18.3 125.3. ·0.1 ·1.1 'Zl.7 o.s 0.2 Q.2 S.D. . O.M- S..12 86.9 0.40 U1 4.38· 7.5'7 1117.33 o.oa w .&.35 0.26 0.12 o..oa . . 
R·2A . 7.6 1.3 16' 23a 37 . . . 

<1 0.8 14 39 w.z o.1e· 1.3 ae Q,5 0.3 0.3 R-29 8 1.1 18.6 ~ <1 1.4 38 ·19 47 216 0.22. 1 . <fT :1 0.4 0.4 R-2C 8.1 1.4 24.~ Sae . <1 1.7 33 ·1$ . 89 . 2e4 ·.o.1a · 1.4 48 1.1 0.4 0 .. 5 Mean: · 7.9 i.3 :'19.e 483.l 1.3 . 3S.O . 17.0 58..3' 207.3 0.2 1..Z 43.7 0..0 0.4 0.4 S.D. O.l 0..2 •U 195.4 0.5 . 2.& 2.8 26.9 51..5 .o.o 0.2 . ·s.r 0.3 0.1 0.1 
R-3A 8 1.3 15.2 . 390 '< 1 1 33 -20 '48 17.C 0.15 1.4 43 0.6 -0.3 0.4 R-3B 7.6 2 13 329 <1 0.8 'Z'T 21. 39 171 "0.06 1.9 40 0.5 0.3 0.4 R-30 7.4 1.7 18.5 1°21 ·< 1 9,5 21 10 53 151 0.16 0.8 23 o.7 · 0.5 0.2 Man: 7.7 t.7 t!S.e 280.0 o.a n.o 17..0 46.7 185.3 0 .. 1 1.A 35.3 0.7 0.4 0.3 SD. 0.3 0.4 2.8 1of1.0 0.3 6.0 8.1 7.1 12.5 . 0.1 · o.:S 1~. 0.2 . 0:1 0.1 

R-4/l 7.6 1.5 ·1s:1 210 <1 0.7 . . 28 . 12 5i 155' 0.14 1.1 . 3} 0.5 0.4 .0.2 R-4B 7.e· 1.s · 12.6 307 < 1 . . o:e . 33 i2 32 166 .G.08 : 1.7 33 0.6 0.3 . 0.3 
R-4C 8 . : 1.~ 13 .. 8 284 <1 ·0.6 2EI 11 33 1-40 0.12 1.1 30. 0.6 0.3 0.3 
Man: 7.8 1.3 14.2 '2f!f .JJ 0.7 ·29,0 11.T 38.7 153..T 0.1 . u 31.3. 0.8 :0..3 . 0.3 s.o. 0.2 0.2 1:.a S0.7 0.1 . 3.6 o.e 10.7 . ~3.1 0.0 0..3 1.:5 0.1 ·0.1 0.1 

R-5.A 8 O.B 9.5 242 <1 0.6 26 g 17 24.7. 0.01 1.2 26 0.6 :< 0.1 0.1 
R-5B 8 1 16.8 396 <'f. 1.5 39 14 88 152. 0.06 2.2- " 42 . 1.5 0.2 0.3 
R-5C 7.9 O.B 8 12o <1 o.e 41 10 22 31.2 . < 0.01 2.4 31 0.5 < 0.1 ·0.2 

-Mun: 8.0 0.D 11A 252.7 0,9 35.0 11.1) 42.3 . 69.3 0.0 1.9 33..0 0.9 0.2 0.2 
8.0. 0.1 ·. ~-1 "4.7 138.3 0.5 8.T U . 39...6 71.7 0..0 o.e 8.2 0.8 0.1 

R-6A 8 1 14.3 163 <1 0.8 28 11 .. 21 12.2 <0.01 . . 1.9' - .... .32 - 0.6 ~0.1 0.1 
R-69 8.1 ·1.1 13.4 156 <1 0.7 21 9 - - • 25 12.8 0.01 1.8 Zl O.B < Q.1 O.i 
R~ 8.2 0.7 8.9 107 < 1· 0.-4 15 6 1.ol 7.9 <0.01 u 18 0.5 <0.1 < 0.1 

ld..n.: 8.1 0.9 12.2 142.0 0.6 21.3 S.7 20.0 11.0 0.0 ·u . 25..7 0.6 0.1 
S.D. 0.1 0.2 . 2.9 . 30.5 o.2 . ·e..s 2.5 S.6 2.1 0.3 7.1 o.1 l).O 

R-7A 7.9 1.2 14.5 156 <1 0.6 28 11' 21 12.3 < 0.01 1.5 33· 0.5 ~0.1 0.1 
R-7B 7.5 0.6 11.9 181 < 1' . 0.6 19 9 20 19.1 0.1)3 o.e 20 0.7 0.1 0.2 
R-70 7.9 < 0.1 9.3 150 <1 . o . .c 17 7 .'11 12.7 0.02 0.6 17 0.6 < 0.1 0.1 
Mean: 7.8 0.9 11.9 162.3 O.!I 21.3 9.0 ff.3 14..7 0.0 f.(I 23.3 0..6 0.1 0.1 
s.n. 0.2 0.4 u 16.4 .. 0.1 .5.9 2.0 S . .8 3.a o.o 0.5 &JS . 0.1 0.1 

.. . . 
: 



APPE!'iDIXB STREAM SEDIM~ METAi.$ ~TA 2~ CANTEST LABORATORY 
'· 

Saii,ple ID Sn v 'Zn Al . B ca Fe Ng . Ma p04· . I( ·Na Sr 1J Zr 

R-1A <5 32 336 13400 <1 5840 26600 5670 252D . 2770 1200 201 .(3 335 1 
R-1B <5 - . 2q 139 10200 <.1 3880 16400 ~ 1080 1910 949 2181 31! 248 1 
R-1C <5 21 135 11000 <1 3670 18800 4810 1170 1580 1030 2G5 42 264 2 

·Mean: 2A.3 103.3 11533.3 4-463.3 ~.7 4946.7 1990..0 2086.7. 1079.7 208.0 "41.0 281.7 1.3 
S.D. 8.~ 114.91 18H.33 1tD1!1.14 5'45A9 6a5.81 806..88 &t•.38 1e1.M 8S 2.IS!i •7.06 0,83 

R-2A <5 29 301 12900 <1 5400 . ~ 7290 1560 2150 1190 208 34 . 2.86 2 
R-28 <5 33· 539 15100 1 7530 29500 . 5830 3310 2300 158o 201 42 416 1 
R-2C · . 14 29 &17 11700 2 11000 27500 15'.110 2880 2080 1320 179 . 50 335 2 
Mun: 14,() 30.3 . ·-432.J 13233.3 1.5 7976.T 27500.:0 MOB.7 2578.7 . 211'&.7 1363.3 19$.3 42.0 345..7 1.7 
~.o. 2..3 ' 180.7 1'72.U O.T 282.GJS 2000.0 11.CS,3 9G6.8 112.A 1~.6 15.5 8.0 ·eS.7 0.6 

R-3A <5 .29 502 · 12700 <1 6650 26:200 . 5800 6410 2140 1210 186 40 309 1 
R~B <5 26 400 11100· <1 4120 23800 585() . 5120 1700 ~200 .17-0 ·35 . . 224 · 3 
R-3C <5 24 zo 8070 <1 8240 '22400 396o 923 9040 579 . 121 . 26 275 1 
Mean: 28.3 . m.3· 10823..3 8340.0 2.4133.3 S1'7ti0 4151.0 4293:3 WG.3 15&;0 33.T 299.3 1.7 
s~. 2;5 139.0 24315 . ..3 20~.8 192~.8 . 1134.8 284S9.0 4118.& 311.5 33..9 7.t 42..8 1.2 

.. 
R-4A <5 . 30 300 9830 <1 5290 22900 5100· 2180 3860 78t) ·150 29 359 <1 
R-48 <5 24 294 9730 <1 4230 19000 4830 2810 2130 975 . ' 17.9 33 239 1 . 

R-4C <5 25 m 10100 <1 4959 19500 . 6020 2460 ·. 2570 811 j78 . 32 281 1 

'Man: 26.3 293.7 ·9Sae.T ~.3 204Ga.7 4963.3 2.4.u.s 2886.7 HS.3 1~ 31.3 293..0 1.0 

S.D. S.1 6.5 ~t1A 54t.2 2122.1 13&.7 315.6 . 885.1 104.8 16.5. 2.t "60.9 0.0 

R-5>. <5 37 83 10000. . 1 4490 17Soo . 4980 926 3170 199 1-41 ' ZT 291· 2 ·· 

R.-58 4C> 38. 242 11600 1 7630 · 23600. 5330 2630 3090 1030 . 1-48 36 ' 326 1 
R"5C . <5 .33 311 8570 <i -4230 . 193oo 41'20 . 1000 2SSO 1100 121 · .20 575. 3 

Mein: .CO;D 31.0 212.0 1Cla.t:· 1.0 s.:it>.o .20266.7 4810.0 1518.3 ·3040.0 -99&.3 136..7 Z7.7 39'U 2.0 

S.D. Z.6 118.9 1515.B 0.0 1892.4 2970A 822.7 . 963.6 16!0-0 .. 182.3 1'-0 a.o 154.9" 1.0 

R..6A <S 40 . B2 10700 <1 7270 · 23100 5210 1150 3380 . 897 .153 . 33 275 2 

R..e.B .. <5 40 . 11. . 9'.1.20 <1 3860 19600 4580 . 911 2790 . 889 123 2.3 183 2 

R-6C. <5 29 46 : 6630 <1 2940 ~3400 3090 sos · 2'2A9 . 676 96 • 18 ... 135 2 

Mun: 3&.3 el.3 88141.7 4690.0 18700;0 .4293°.3 889.T 2I03.3 820.7 · 1~.o 2".7 1i17.T 2.D . 

s.o. s..4 ·'18.A 2051.9 . .. . :z:zau· 4112.2 1088..7 271.:& !70.1 . . 126.3 28.3 l.& 11.1·· 0.0 

R-7A <6 41 82 11600 <1 4360 ·22900 5670 924 : 3270. 1120 147 2S 2~3. 3 

R-79 <6 : ZT 86 11200 <T "4710 19400· . -4050· : 881 2500 1:zeo. 101 . 30 -403- 1 

R-7C <5 26 67 9416 <:1 ·4180 15800 3140 . 821 3120 . 978 !Tl' 25 320· 1 

Mean: ~1.0 71.3 10103.3 4410.0 t9389.T. GM.'1 :&08.7 2993.3 1126.0 115.0 a.7 322.0 .1.T 

s.o. 8.7 ' 10.0 1130.1 %78,.( 3S50.t 128~.5 . t63.0 . 357.3 · 1s1.1 27.8 2.9 80.0 .1.2 
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.. APPENOIXC BENTHIC MARCRO-JNVERTEBRATE DATA, 2004 

l 
Sslt1)le ~: · R1o . R1b R1c R2a R2b R2c R3a R3b R3C R4a R4b R4c 
Fines gpllt to: . 1/32 1184 1154 1132 1'32 1164 . 1/16 1116 1132 112 1/4 314 
CDllrM apli1 to: 

PHYLUM ARTHROPODA 
Claul'n..ota 
Ordet Ephemer0ptera 
Faml)' Slphlonurtdtie 

Amereiu. ep · 1 3 1 
. Family B•.utiae 

1420 '3472 BeeN•ep 3824 1893 1230 3172 2146 2051 a.t57 . 514 24 !1 
. F.amlly HeptagenidM 

anygmula•P n. " ee ·1 32' ,. 
16 8 14 

Epeo/\118 (f~) 11P 6 3e ~ B .16 
H11ptaganlll ep 1 2 3 ~ 

. Rhhhrogena ep .1 2 .. 15 9 36 29 £56 a 
Farnll)' Eph111141re!Uldae 

Drunelfa doddol 24 3 . '16· 3 3 3 6 3 ·3 
Orunella llllAllne• 72 4 . 1e 
Drunella gr.11dls 14 10 1 2 4 
Ephemerela ep 218 Zf 183 . 44 12 ~ 16 . 1 · 32 11 20 

OnfatPlecOptera 
Family Cept1lldae 

<Apnlatp . 18 
· Family Porio<ldae 

1 3.\,. 18 1 29 18. . 10 . 

laaperta ap 80 24 76 13 33 27 17 66 28 3 
SkwelG cuvata 1 1 4 1 
'Slcwall p1ralen11 . 1 . ·1 7 2 
Mo0Qll)Y8ep 

Farnlly Lell!=trldae 
. Leuctra •P 

Famlly a-.oroponldee .. 
sWeha llp. gp .1 2 1 

Family THnloplerygldee 
·Teenloneme ap 2CMI 1~8 4~ ~ .86 3 17 . 'gs • '8 2 

f11rnily t:iemourldae 
342 . l Zal*la •P 8&4 · 332 1523 240 242 "65 . 61 S19 29 10 11 

Oo:ferTtlchoptel8 
· ·Famly Urnnephl~ JIO 20 77 24 
Ftirnl~ Hydrofl'ychldH 
. Arctopayehe •P 1.12 40 tt1 . .22A 38 25 5 9 -4 2 

F'1rnlly Br&ctlycentrldae 
. '2 ~ Brachycenln.lt ep 8 2 33 2~ .. 1 e 

Family Ulmeptllklc!e 
Ok:osniOec:ue eP a. 6 7 I) 

Family Rhyacophllld• 
2 Rhyacophlla acropede& or wo 2 3 ·s 3 11 13 11 20 1 

Rhyacophlla ~ngellta 1 
Rhyacophlla tr/811nela 1 1 1 2 1 
Rhyacophlla qJ 33 32 . 65 !3 33 '4 

Order.oti)tora 
1· Dlpterw Unld I. (t.rr.) 

Dlptera Unld A . 1 
Femlly Chlronomldae 

C~tonomldae ·unld L 10004· 7090 8028 4TT7 3718 9130 1678 . 2689 4738 720 270 863 
ctirolfOnidae Pupae 2 . 4 . . 1 18 ~ 
Chlronom._ Adult : e 

&lb Family Orthocl•dlnae 
ermiaep _ · 
Ce~lodadiue; ep 1000 '1256 1007 . 2'43 . 1~ -439 85 211 304 181 44 118 

L ' 
Qorynorieur1 ap 
Cttootopue ep e12 446 616· '112 557 1783 384 989 981 348 169 222 

e1.ddefrertel,la sp -40 129 4~3 33 32 
"' 

100 . . ..9 71 . .. 2 12. 

l Euryhllplle ep 8 32 
Synoithodadlua sp 

{ I Unld .. unklent#ied J • Jwenlle P•pupae L•Larvae· A• adult O • deriia9ed 



APPENOIXC Bl!NTHIC MARCRO-INVERTEBRA TE DATA, 2004 

S•mpla Sita; R1a R1b R1c R28 R2b R2c Rs$· R3b Rae R411 R4b R40 
Flno8 epJ)t to; 1132 /164 1&l 1132 1132 118"4 . 1116 11115, 1/3Z 112. 114 314 
eoa,.. 1pltt to: · 

Thlenemannlella ap 6<I 128 ' 130 20 8 
Sub f1mlly Clamuilnw 

480' Dkf,neea ep . 2264 1665 3.274 576 1030 133-4" 528 2087 20 26 -42 
SI.ti F1mlly Chlroriorrinae .·· 
Ml~ctra'$J> 8 84 64 S2 64 M 8 (l" 
Pa9aatleUa •P 32 
Rheotenytaniua •P 280 2S7 384 10~ 321> 1162 . . · 1e 6.a ~o 12 

Sub Femlly Tenypodlnae 
Thlen•m1mnlmyla •P : 1 ~ 108 7tJ $4' 3 18 
Famlly eerst.opogonldae 

CUlcoldH Ip . 
M1dl~Ohell8 lip 8 1 . ee. 37. 1·~2 2 1 2 · s 

Famlly Empldldae 
Challftlra Ill> 72 1· 32 

Famlly MU8Cldee 
linnoptiora tp. 1 2 

Farnly Psydladfdae 
Pt!~er> 24 3 . 65 1 115 1 
Famlly SdmyzldH L & 

Femlly Stmuldae 
48' Pro1tmulluni llP L 

PR>elrnullm 1p P '• 
Slmullum ap L .f8 1 . 1 1 1551 115 872 " ~lmullun;i 8P P 

Family Tlpulldae 
Dfcnnola •P 80 1 ea . 32 ' 

Order Homoptera 
Homoptara lklld T•ir 
Femlly Aphklldae 1 

Ot&ir Cof&optonl Vflkt L_ 

~I"• Arachnldi _ 
Order Hyd111car1n11 

64 Hydracartna UnldJID 11R 12$ . 384 160 2 32 48 22-4 8 6 ' 8 
·t..belti• l'P 72 68' 3 129 e4 130 18 16 .. ~ 
Nemlannla ep 1 

. Sperthon'llp . B 3 35 3.tf 2 ·1 5 . . 3 11 
To~n!Joola ep 4 64 1 
Unloncollll Ip 736 2~ 321' 320 64 39o ~. ~ 00 12 20 6 . . 

Claa•CN1119CA 
' I 

·Sib Clue Co~ 
Sub OrderCydopolda· 

SUb Class Oatracodil 
Candone •P 1 

PHYLUM. ANNIUDA 
aO. Hlrudlne• 

Pllllcol• mp 1 

ci.. Ollgoch••t. 
Family Eoctlytraeldae . e S5 . 64 

Famlly-Neldldae " 
.. Cha.•tooatter 11JP 8 84 128 28e ~ 16 152 200 138 

er ... ~hl•nnellda 
cf T!'OQOChetU& sp ~ 

PtlYUJM ~EMATODA 64 6" 192 128 32 128' 21 2 1~ 
-· 

PH'(LUM MOLLUSCA 

Unl(I • unidentified J • juvenlle P • pu~e 1. aurvee A• 11dull o ""dumegea 



11. 
' APPENDIXC BENTHIC MARCRO~NVERTEBRATE DATA, 2004 

:ri 
Sample Site.: R'l11 R1b R1c R2a R2b' R2o R38 RSI> R3c R4s R4b R4o 

:/ 
Flnee eplil lo: 1132 1164 1164 1/32 1/32 1164 1/16 111e 1132 112 1/4 314 
Coarse gpfll to: 

'I 
~BlvaMa 

.f F1mlly PaldldH 
Spheef!umep e 

1 
Cl1h oi.tropod1 
Order Protobl'aoChla 

·! 
F9111lly V111lv1tklae 

Velvata 11noere 8 

PHYLUM "CHIDAA~ 

·1 
Cla~ tfycitoU 

_Cordfr~ 
1 Hydra IP 4 

Fish (11e1tebrate) 
C,<JU\J& OogoetU&' 

2~~ ~4167 19724 11620 7789 1 B833 e&9G 7'33 16498 29Qe 996 1681 
TOTAL P.ER SAMPLE: 4:Z800 28334 39448 23240 16678 372.66 13790 14866 329Q6 <4G18 1Dal 3322 
TOTAL PER SITE: 110382 7608-i 61602 9930 

TAXONOMIC RtCHNESS PER SAMPLE: 37 32 39 33 · 3e 34 30 32 ao 30 ~ 35 
TAXONOMIC RICHNESS PER SITE: <JG ~ 41 44 

l 

.. 

l 
) ' 
L 

Unld .. l.W'lklenlttied J c. Juvenile P • pupae L = Larvae A·• aduH 0 • dlilmaged 



APPENDIX·C BENTHIC MARCRO-INVERTEBRATE DATA. 2004 

Sample Site:. ·R5a R5b RB¢ . R68 . R5b R&: ·R7e R7b R7c 
Ff nee 1pflt to: 1'2 ~ 1(4 3164 1/16 1/S'l 
Coerae apllt to: 11/4 118 

Pl:IYLUM ARTHROPODA 
ci. .. tntet:ta 
Order Eph11meropter. 
Famlly Slphlonurldae ... 

Ameleius ep· 3 .. 1 ·2 6 4 s 
Femlly Baelldae 
eae~ep 16 e 4 ~ 1~ · m 1110 852. 71Z 

Family H11pfagtlnlldB1t 
. Clnygmuta 1p · 1S 1Q 29 73 - ~ 67 10f GO ~· 

Epeorw Qron) ap ' 3 . '. e; 2 2 63 1 44 32 
. Heptegenl8 ap 1 

RhlthroQena ep 2 2 2 ·111 ·59 180 9 18·-
Famlly Ephementllldae 

Drunela doddei · 1 .·3. 1 35 13. 4 ·4 
Drunella lavllnu 
Orunella grancla 1 9 .. 2 27 1-4 2 
El>hemerefle ap 13 14 'i7 32 1GO 99 17 38 B 

Or<ief Pi9ooplera 
F alrify Cspnlld!ie 

Ctpnl11•p 8 e 2 49 ~- ea 5 4 
. · Famlly Pe~odldeo 

t1cper11111p 2 1 1 2 
Skwala ~Miia 1 3 2 •4 ... . 24 
Skwa~ i)ararelle 2 1. 1 
Megarcye IP 1 1 

Family Leuccrfdae 
Leuctresp 

Fitmlly Chloropelfldae 
SWefttaspgp 1 ' 1 

1"'11mUy Taenfoplerygldae· 
Tilenlonema 1p ~ 6 23 17 31 1e · 2,"4 

Famly l'«lrnouridae 
Zapadaep - . 17 40 ~ 66 313 - 147 389 ' 412 .cea_· 

-, ' 

Order T~op1ere · 
· Famly U~lldee JID 
FamllyHyd~ 

1 !t , 
. Ardopeyche •P 2 · e M9 29 n 12 60 . 

F11mlly B~ycenfltdee 
. Btechyceotnia IP 

. . F11mlly Umneplildae 
Dlcoen'I~ ap " 4 1 ... 2 2 -3 -4. 

Famly Rhyacophllldae 
Rhyacophlla acropedei or \l80 2 !$ 2 2 
Rhyacophlla angellta 2 
RhyacophJla hyaih&la 
Rhyacophlla .., J 1 4 1 

Orde~ DIJ)Jara 
0~•111 Unld l (t9rr,) 1 · 3 · 2 
C>l!)Mre.UnldA 

F1unlly Chlronomldae 
Chlronomlclae' Unld L 172 220 3(11. B-4 17~1 B!5e S283 4444 5248 
Ohlronomldee Pupite 1 1 2·e 
Chlronomldu Adul • 

s.l!b FarnllY orttK>ciadtnile 

'48 41 9 4 -~ 

·· Brllll1111p_ .18 
~locletiua ep ' 18 . 11 ·.-2 ·. " n 2~ 91 o;,.9 124 µ.I -

<;:orynoneure •P 16 
Crlcolopue 8P s9 189 173 74 !J.47· -493 1035 2072 908 

Euklelterie!la ep 3 2 ti 3 331 34 . 989 796 2072 
Euyhepsls 11.a 
Syn~rthocladlu1 ep 

Unld c. unldootllied J··Jwenrle P~pupae L~ Larvae A" edlJt o 11odamage<1 

. ' 



[i 
. APPENOIXC BENTHIC.MARCRO~NVERTEBRATE DATA. 2004 

&wnple Site: -R6a R6b R5c Reti . Rel> R6c R7e R7b R7o 
. Rlff •pllt 1oi 112 3132 1/.4 3184 1110 1132 

I~ · Coarae splll to: 11/•f 1/8 

TIJki11(1m11nnlel!• sp 3 3. ... 11 2.0 . 21 68 
' Sub Family D~ealnae 

I Dlilmna1P 12 12 2 ·s 61 32 2-43 2,20 ZOU 
Sub .F~lly Chlrooomlnae 

. ·~IP 1 2 · 2 21 1e 
_P49intlel!Q •P. ... 
Rheotanytarwa •P ... ~ - · 8 66 10 ;129 ao 160 

Sub F11rrity TanypOdlrn,te' 
., Thlenemennlmyla tp IS 3 8 ... 1 - A 8 

.Famlly~nldH 

l 
~Utlcokfee 89 . . . 
Malloct\Oflella 11p 

F~lly~e 
Cheltfenl •P 1 1 .. 8 

I 
I 

F1mlly Muaddae , 
. · .Uitnophorv sp 

Faml!y P~ldH 
P•ric::cfM IP . 1 
Family Sdll'lpida~ L 

I ' 
¥amlly Slmutklae . ' 

l P.rolim(jhim ap L 11 413 84· 
PiD1rau1m 'P !'"' 2 2 8 
Slmulfum _,, L 18 1 2 28 

j 
I Slrnuflum IP p 15 

Family Tlpulldae 
DlloranOtasp ... 

r . OrdtlrH~ 

Homopten1 l.Wd ~err 1 
P"•mlly ~ldldH 1 

Qrder CollfOPl.,. Urid L 

ClmsMehnld1 
OrdorHydracorln.a 

Hydl'9Ca'N Unld J/D 3 8 11 1 
~litP. 1 -1. 2 4 71) 20 1e 

• Neumannla 1p ·1 10 
Spel'd"loo ep 7, ., 3 13 13 18 32 -40 
Tonentk:ola ep 
Unfol)COla IP Z2 18 34 ·10 132 57 270 264 96 

. 
ci.. cn.tacea · 
Sub Clllsa CoP9peid. 
·- .Sub Qrder CydofJokle 1 ' 

6ubCl8880~ 
<?lll'll:fl:lw ep. . 1 

PHYt..UM ANNIUDA 

l · a.s. H11Ud11tt1 
~le!Oola *P 

t 
Cl•~ Ollgochltta 

1 F1mlty Enc:tiytraelda 9 2 
Famll)' Nel~ldtle · · 

ChaetogaltW •P 193 89 121 64 12 768 2<40 ~20 

I : ca.. Archf.anntlld.a 
i;fT~IP . 

. PHYLUM 14EMATODA 1 ·7 5 7 21 4 24 ... 1EI 

L PHVLUM MOLLUSCA 

~ Unld • unldenlJ!lec:f J•)N•nlle P• Pt..>ae L~ Larvae . A- .. ad,llt D• demaged 



APPENDIX<: 

Sample Site:. 
Fines spit to: 
Coarae aplt to: · 

CIH•BlvaMa 
FamtiP1ldlldae 

~aerlumap 
. . 

c,_. OaetropOda 
Order Proeobrllnchl• 
Family Votvatldae 

Valvata elncera 

PHYLUM CHIDARIA 
CJauHydroia 
. Corder HydrofdQ 

Hyclnlsp 

Fish (Ver1el:nte) 
Colt\lt cognatus 

TOTAL PER SAMPLE: 
TOTAL PER Sfl'E: · 

TAXONOl!'JC RICHNESS Pl:R SAMPLE! 
TAXONOMIC RICHNESS PER Sl'n:: 

. . . 

-· 

BENTHIC MARCRO·INVERTEBRATE DATA, 2004 

RSe R5b R6o 
112 

618 8.90 88; 
1238 1398 1778 . 
4'112 

32 .·. 37 31 
..... . 

FUle · Rf.lb F.18C 
3132 1/4 

.1528 e.f&e 2e3& 
1:?68 1():992 6270 

17618 . 

30 -41 33 
. -'l6 

Unld • unldentlfted. Jc' Juvonllo P • plipa• L • Uirvae A• adul D •damaged 

R7a R7b R7c 
31&4" 1/16 1132 

11/4' . 118 ' 

, .. 

11G81 990410899 
23174 1aacMi 21na 
84780 . 

"'40 ~ ~ .... 

·. 

·' 




