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PATHFINDER

January 12, 2005

Mr. Gary Janosko, Chief
Fuel Cycle Facilities Branch
Division of Fuel Cycle Safety and Safeguards
Office of Nuclear Material Safety and Safeguards
U. S. Nuclear Regulatory Commission
11545 Rockville Pike
Rockville, Maryland 20852-2738

Re: Biotic and Physical Surveys of the Spring Creek Drainage System in the Vicinity of
the Shirley Basin Mine Tailings Site, License No. SUA-442, Docket No. 40-6622

Dear Mr. Janosko:

Enclosed is a report on a stream survey conducted by consultants to Pathfinder Mines
Corporation as outlined in our correspondence to the NRC dated June 3, 2004. The report
consists of two separate sections: the first section is a presentation by Intermountain Resources
of Laramie, Wyoming of the results of the biotic survey; the second section is a presentation by
Hydro-Engineering of Casper, Wyoming of the results of the physical characterization (stream
flows, water chemistry, and bottom sediment chemistry). The field work was conducted on July
17 and 18, 2004. The collected and preserved samples -of primarily benthic organisms were
identified and analyzed by Rhithron'Associates, Inc., of Missoula, Montana, a subcontractor to
Intermountain Resources.' Chemical and radiological analyses of water and sediment samples
were done by Energy Laboratories, Casper, Wyoming. Be'cause different consultants did the two
major components-of the evaluation, Pathfinder'felt it was simpler to present each primary
consultant's report segregated from the other, as opposed to attempting to merge them.

Summarizing the results from the studies, the quantitative sampling of the aquatic organsims did
not indicate aP'pattern that would lead to the conclusion that tailings seepage impacts on the
ground water adjacent to the tailings has in turn led to degradation of the stream environment.
Generally speaking, -Spring Creek. both above and below the Shirley Basin tailings site is
marginal as and aquatic environment. The Wyoming DEQ indices for three upgradient sites, SP-
IA, SP-1 and FC-1, rated "very poor", "poor", and "poor", respectively. With the exception of
SP-5, sites downgradient from the tailings site rated "fair". Based on the flow measurements
and general observation, it appears that the stream environment is primarily limited by the
quantity of water, the natural abundance of fines in the stream bottom materials , and the effects
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of siltation aggravated by domestic livestock and wildlife impacts to the riparian habitat. Water
chemistry results did not point to a significant problem, regardless of site location along Spring
Creek.

While Mine Creek (MC-1) was part of these studies as well as earlier evaluations, it should be
emphasized that the present surface water expression (a pond with a very minor overflow
through a pipe to Spring Creek) is a short term, artificial environment. Once the corrective
action plan fresh water injection ceases, the recharge source to the pond will disappear, and the
pond itself will also disappear. The drainage will revert to a normally dry draw with only
intermittent flows after significant precipitation events.

We see nothing in these latest evaluations that would diminish the appropriateness of Alternate
Concentration Limits (ACL) for the Shirley Basin tailings site. We urge the NRC to proceed
without further delay to approve the ACL request.

Sincerely,

T. W. Hardgrove
Manager, Reclamation Operations

Enclosure

Cc: J. Whitten, USNRC Region IV
J. Wagner, DEQ/WQD
D. L. Wichers
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Li- 10 NTOU ION'-
-nountan -ocated -in'; Laramie, W-yming, copee qu ai-t ai-v

-I nten nutai -Resa6res - 'Y l ocated -unin tati m

. sampling of aquatic systems associated with Spring Creek on 'and jacent to Pathfinder

Lii - Mines Corporation, Shirley BasinMin milltailingsite. ese stues were completed
d t+ -. Ms roinvert 'F'

: . to determine the presence of biotic organisms, primarily :macroinvertebrates, at selected.-

sample sites as described in thisreport. '-'ta :', -. ' "

:U 2.0 DESC PTIONOFTHE UDYAEA ,7'..'.''

- - The area sampled is located in the ShirleylBasin areaCof CarbontCounty, W.yominghe area s are o : ,-.zf a; 'o T~.X-' ->rn_ ng-* i_:

approximately 45 miles south ofCasper. Eleven sites were sampled on four drainages as

''listed below (see Figure 1 for map of locations):'

, -,: :SP-IAMurdockCreekabovetheeconfluencewithSpng Creek

SP-1 Spring Creek above the area of impact by the mill tailings site at water quality. 'Li g.-: -samrple site location SW-1A ' '' " '

-SP-2 Spring Creek immediately belowtheconflu cewith Mine Creek

aLiMrk -e -- io
SP-2A -Spring Creek between the Fox Creek'and Mine Creek confluences

SP-3 Spring Creek in the' diversion channel

SP-4 Spring Creek below the diversion channel

Li -ab6 th cofluenc -nSP-5 ,- Spring Creek e e confuence with the Little Medicine Bow River.

.- , .... '.'-- 0 .,t VD- 'k......................... ;0Li FC-1 Fox Creek above the confluence with Spring:Creek -. - -' -'

MC-1 ,MineCr'eekabovetheconuencewithSpring;Creek-'- ' '' i'> :''

::: 'MB-I' LittleMedicineBowRiverabovethevconfluenceitwithSSpringCreek

Li
LtI-Mdc - it r

I" -, - C- n C r.. -2 : -} : . i - . -S . - . . ,-- ee - . ,,k ; ,

0 ;:..M-2 Litt e'Mcdicihe.Bow River bel wthe'co'nflu e S rigCeke '' -'-
MB I: - . - * nc D* e wit -pr g- C,----f*

- ,0, f ,:-*==z -- * 0f-- 0 - -tf -; 0 :' . 0 '-'.

Li - -0-,-. : , r,

i ' ' , : . ' 5 ' : . ' Q '~_' _ ' ' - ;~ ' ~: '7 ' " ' '_ 'L ;e-- -i''
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LiL
LISample' sites:'SP-1, SP-A, FC-I and MvB- arI loatd bov an!y,.wate

jjcontributions'from. the Shirley Basin Mine'tailigsit andit will be, assumed that thes

L . sample sites, represent tenatural conditions (unaffected '-by the' Shirley Basin mie

tailings), of the dr~ainages -in the immediate area.-" Sample ~site MC-1: is' as~sume'd to hav'e-

Lithems water qualit Impats from' the tailings site'sini-cefowintsdangerul

p imrl from tailings seepage waters relate'd totfcdrcive action plan (CAP)I clenLi7
water injection. Sample Sites SP-2,, SP-2A, ~SP-3, S ,SP5ad MIB-2 are assumed to

ave gradal lser degrees of impac inteodritdbsed on4 distances from

-potential ground 'water contributions' re]atd to the tailings Site.

Li3.0 METHODS

LiThis study was designed to provide ~only qantitative iforaio nfrteses

sampled.-

LI :Macroinvertebrates .

LiSremSampling for aquatic macro'inv'ertebraes was codctdusing a -Surber, Type
Sra-Bottom Sampler With a 12,". x .12", sampile' area and 50mroNiex ~mesh net at:'.

-lllcations -excep M-(Min Cek).Mn Creek" wa lssthan 1 foot across,,2

Li.ice e~adhdaver lwfow. PMn Cee-k :coul iId- not inbe Sampled witi the Sube

'Type Samlr. nAquatic D-Shaped Dip Net -with' ,waml An a -12". wide 'rim and a 500 micron

Li nylon mesh bag waws used for sampling at this location.-

Li -Eigt maromertebae samples were collected and composited at each location.

Li je

Liirr !fed:idevdwt O,.onadh&-(ee o h aul~



LiWyomin Deprmetof Environmental ,Quaity, ,Water- QaiyDvsion, Waterished

LProgram, Macroinetbae Sampling, August 1999).-

Lcation iMB-2, MB-I, SP-5, SP-4, SP-3, and: SP-2 weres smpled onJl17

204. Location SP-2A, FC -1, SP-l, SP-IA, n Clwr anllo July,18,;2004. i

LiThe samples. were sent toRihn Associates, "Inc, 'Missoula,~ Monitana, o

Liidentification andi alyIs.

L 4.0. -R'ESULTS

Li Thi sectin presnts thresuts -of the aquat ic sampling completed i 04 th

eleven sites evaluated for the Pathfinder Mines Corporation Shirley Basin Mine.`"

~Macovertebrates

LiAlppendix -.A a-nd Appendi Bprese nt the .results, of the'; macroinvertebrate

LIsampling completed in 2004,for the- Shirl'e'yBasi Mine: -A total of,95 different aquatic-LJ
macroinvertebrate species were identified in 'the tud area.~ :-The average, number of

Lispecies per sample was 31with the most being fon tMB- (2seciesn theles

Libeing tfun atS6-A2 spie). -_As discussd prvosysite MB-2, wihich exhibited.
the greatetnm r of species.- is along' the Medicine Bow Rive meitl eo h

--conrfluenceewith Spring ~Creek and isahssumed to have some mpacts from thetailingssite.:.

LI Site~P P1A;~ Which exhibited the least number of species, Is lcated abovthtalnsie

and issumed t have noipcsrelated to tailings seepag..

Li4
Li -



I ; .itbron Associates analyzed and compared the' samp anid performed .the

I Wyoming Stream Integrity Index ,or' -WSII, Macroinvertebrate Scoring'(Wyoming

*-- -':'.DepartmentofEnvironmental Quality,'Water'Quality Division Watershed Program) at

-each sample location. his information is included- in Appendix A. The Wyoming

[. Deparentof Environental Quality-has identified the Spring Creek Draiage as witint

the'Wyoming Basin Ecoregion.'The indices calculatedby'.RithronAssociates using the

Wyoming BaSi Ecoregiona presented in'Table 1.

[jI - -; - - Table 1 shows that MC-1 was identified as beng V Poor. is s expectedV- .

- since' this site contains water' most directly' or -indirectly impacted by the'tailings.
i - : .-- : -- -;hi-D ,- exi ite th' st' flt; ws ;---- '-nd-

However, this sitea ted thelowest flows and could not be 'sampled.with the
:d . :. . ' - 'D .S.S--D0 o-' be; :-' le.-d, with. '- was ::X . .0- ' ::t .-

. - Surber sampler but had to be sampled with a dip net. SP-lAwas also identified as''Very

L Poor'. This was somewhat unexpected bec ause SP-IA is located on Murdock Creek,

above any tailings site' activity and was assumed to represent natural conditions." SP-1,

and FC-l located upgradient of the tailings site and out ofthe'area'of impact'were both

rated 'Poor'. SP-2A and SP-3, respectively ocated ajaent to and downgradie'nt from"

the tailings site were rated 'Fair'..Site 'SP4,'thefirst location downstream fomte entire

site rated Ftairl however, . 'i the s o S Crk im ediabe;U ailings/minesieSP5 esto OigCekimdaly
L - above the confluence with the Little Medicine Bow River rated 'Poor'. Both locations on

the Little Medicine'Bow River, site'MB-I 'above the confluence with Spring Creek and

L- MB-2 below the confluence with Sprig Creek, rated .Fair'.

Li
LI 5
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5.0 CONCLUSIONS

Quaniative macroinvertebrate aquatic~ sampling waIomlted on

Murdock" Creek, ,Spr Creek, Mine- Creek,`Fox Cre n h iteMdicin o

Rierwihi, r djacient to', Pathfinder Minei'Corporation'Shirley _Basin Mine inm the'~-

summer of 2004."Data frmthis samping'ddntidctn negative sur~c ae

impacts from the tailings. Using the'Wyoming DEm~I aigs, it could b ocue

that the'Spring CekDangstra qult ,as, actually bette "within the area o

imact of the tailings site than in drainages abov teaingste IIee hr aen

tailings related impacts.,
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* intermountain Resuruces a thi~nder Mine Project 2004

Semple date 7/18/2004 7/18/2004 7/17/2004 7/17/2004 7/17/2004
*-Sits name -SP-2 6M BP-2A 7M SP-3 ISM SPW4 SP.5 SM

Tazon sk_ __ _ _ _

____ ____ ____ Pretrdadius

Rhotnytarau _ _
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MEXTRICS AND INDICES
- $=PI* I

Umple type
JBSAMPLE TOTAL ORGANISMS
'rtion of sample used

io4 1 -7/17/2004 7
-N13-1 2M

-

= -O
.

6931
7.50S;

115
13.33% 16.679 5.00S

*timated number In total sample
nverslon factor

itimated number in 1 square met
'1r abundance
xa richneas

45601 9 406
10.08751 17.93333

* 2300
26.

1

9'
5.

4
3

1-
i0

5S

,0571421
.129

5.63
30

8 R.

12
58
50

79

7.5C
5

0

74
0%
53
33
94

25
*2

102'
t 1

35
*101

4: 3
Pl taxa .5 1'

8.06% -73.7 75.8 1% 12.14
-PERCENT i I , A I :

- 83.13574, 18% 13.t 12.09Y
0.00% 0.7 - O.:

I- . ,

-56-.43° - - :-40.07% :
0.18 - -000%

ll.22/ ,Lz * 32.75% ,. ::
-0.009% , 0.00% :..-

- _03.0° 7. - 0.0 % :

7.57(
0.001
1.32S

0.499
0.009

- 66.1
0.003

- 0.J
I0. 0.0

4.57% -- I 0. 0.89%
0.I 0.00%9 I * 0.1

8.06! . 8.51% - 7.1
7.24' 2.02%1 .3.1

ke - - II . 1.15%1 J0.87AS - 0.

c'COMPOSITION -AJBUNDANCE * 1 ''II 'I =I

- I- 8.36%

I- 13.24 :

5.57% --!

:7 - -,% :.
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46 46 I
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MIETRICS AND INDICES
aimple

site I
a type

TOTAL ORGANISMS
inle used

.

5.01
169

an factor 2E
lEa ated number In 1 square meter
NPT abcundance A
Tana richnema

ro'49

)80
6.9
338
29
31
-5

4%,

q.
*710

18
1 5.4 10.00 '0

I5

85
'5

,7
6

1

8.3 H -!' 5.00'
1226

16.1
1593

7m =0.
EP-41 4M

96C
- 26.
1649

48
2

3

.0
'9
0
6
'7
8

47

ETr taxa
Pt t
m~c cob

't taxa

121
3

15.1V 42.! 51.60 79.28'

_14.8 7 20.13%1 7

-

se ^=Ds _ead

# i:E _

- -1.904 - 37 .68

'IA
0.4

33.C
0.1

9 OjS 9.79%7~~_:~ 0.17% 1,4hZZA 1
.36.64% 76.84. I

0.00'
ra 0.08%! 0.00'
ra ;0.08% -.. 0.00'

*I * - 7.0041
0.00% Zi 0.00%

-- - 24.64% 31.90%
; - 11.76%1 6.41%
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*0.00%
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MTRICS AND INDICES I - 1 :
o*.A..jfl. u .. I-

.

rAXONOMC RATIOS
site name

L {1^t F13PFC-i SM i

IPTIChironomidae 7.0 85. 1 7 | 102.Oj| 5.231 6.88
aetldae/Ephemeroptera 0.37 0.17 0.11 0.001 0.301 0.98
v'drorpyvchidaeITrchoptera 0.67 0.47 0.52 :DIV/OI I 0.201

X-PERCENT

#DlV/OR

'Ir 4.88%
e 1.44% 0.29% .0.43% 0.54 1.05%

54.77' 73 .R84 - 7A4q494 A7 22SW

Filterer - _5.76% - 4,3S% [ 3.10% 0.52%
Herbivore I- I 0.16%1 * -0.00% 0.15%L 0.17%

38.21%1 -

- 0.18% =
0.18%1 _ * 0.009K

0.009 0.00% 0.00% 0.00%
13.32'
0.33'
0.33'

22.209

3

33
.3

11.11% 12.24S
0.0OND 0.000%

21.7994 7.84%
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METRICS AND NDMICES
- - mpl err 7 7/1004 3. 71.48% 7117/2004 147

Si - : 8te name SP-16 PA^ 7 .M S4 4M 6PM
TAXONOMIC RATIOS
FPTI/Chlron3-radae - <6.45 44.00 -1.130.70 25.58

Bae hemeroptera 0.12 0.26 0.16 0.14 0.02
HPr hde/Terchopter. 0.90 0.69 0.82 0.57 0.50
ForTIorAL .COMPOSI.ION -PE 2RCEN%

Predator --- 2,47% 1.45% 2.11% 1.85% 2.61%

Parasite * 2.00ff -- == .3 1.86% l.lS% 0.16%

Gatherer 17,67S% 48.63% 42.36% 40.84% 81.89%

Filterer ; X<3.8f -13.85% 11.48% 19.50% 1.47%

Herbivore - -- 0.12S% 0.32% 0.00S% 0.17% 0.16%

Plercer 0.005% : 0,00% - 0.00% 0.00f f 0.00%

Scraper - -37.34N ; g 25.12%1 37.55%1 27.56%1 5.87%.
.

ler -0.16% O.C 0.50% 0.82%1
0.4 0.81% - 0.7 6%, 1.34%

_ _ _ _ _ _ 0.59%5 . - 0.00% 0.34% 0.00% 0.00°S

POSITION . ABUNDANCE .

. . 21i_ 2 - 9 25 . 11 _161
17 . 71 _ __ 1 7 221. - 7 I I
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.361

243 -50
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FUNCTIONAL RATIOS
8cr.per/Filterer 1.09. -;- . 1.81
5craper/Scraper + Pilterer . 0.52 - 0.64
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METRICS AND INDICES

L 6
- = Sample date

- - - Site name
w2004 1 718/200r4 1 7/18/2004 18120T I M(C.1 llMi I EP- 1f 9M uP 1A IV I

rTOLERANCES
4

7.57' 56.42%
0

4.43S

o0.00o
Metals tolernce index(c _ie
Cold steotier ta
Percent cold stenotherdnsa j
HABrUB IMASR15B -

Hemoglobin bearer richness
Percent hemoglobln bearers'

0.00O
3.6

0.00'

0.00% 0.00% 0.00
4.061

0.00% I

3.94 2.6 4.2 4.6
0.005

- 0 i 0 0 0 0 0.009
O OOS4 O 0S00% O.0% OOS6 O OO

21 3 I o 31 4 41, _ ..I-_._ _..__ . ~ A _.. _9.21' 3.391% 37.839 29.11I * 32.06!------- - - . .
I. i- othr rl - - -PercI tsierfbr ten - -

IBurrower richness -

3 2

irrowers
ichness
xtmmersruu

rolerance Quotien -(CTqa) 96.
otic Index - 6.

- I

0.87%
4

1.01%
2

0.58%

84.07
5.95

2.56

2.51%
3

0.44%
2

0.74%

8 1.88
6.08

2.46

0.35¶ -0.711 6.45,

3.S 2.46 3.6 2.7
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Isz lemso D
ISimpson D
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. . . .
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a 8 - .9 - III-;, -10
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I4 7 7

IMultivoltine 10.59% - 11.50%h 16.61% _ - -13.21% 39.90%H
E I . . I r n l t4 . , A 86.51 7.590GA An (oq0. AO 41I -6518%.1. - �
.ISemlvoitine 8.06% 9.38% 8.11%
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8.36%

. 3.7- 13 _
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13
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8 14 17 -X- 8 --6

ITAXA CHARACTERS. PERCENT
b = .
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MITRICS AND T IDICES J I-
:

b' C
-ampas oas

Bite nami
czl

71171
RPF-I4

4 3

Perc nt edi en t sensitive
et ce index (Mc~uire)

Cold stenotherm taxa
Pe,-ent cold rnotherme

. 28.66%
I0

0.00%
- 4.43

0.16%

30.809

C.009,
4.3

0.009,

1 32.94% 75.37S

_______________________ _,
0.009 0.00 0.009

I 7 3 7 .06 21 . 31 1 4 :
I -=5,77%1- - 8.70%1 6.41%1 7.06Yo 6.049,

2
-

I 9urrower richness
I 06 4.99% i .60% - F-AT 3-759I **����I* 4

richness - I 1
� I u 0.00% .00% 0.08% O -00 I 0.00%

ITION INDICES - - - -
eQuotient (CTQa) - 102.10 _ 85.93 1 97.291 -. 86.91 . : 94.45

5.171 - 5.461 - 5.361 - 6.24

- Shannon H (loge)
Shannon H (1og2)
IMa.galef D
Simpwsn D

- Evenness
z VOLTINISM -* AB
rMultivoltine

Univoltine
Semlvoltine
VOLT INISM5 - f Til
Multivoltine
Unlvoltine

_-
_-

2.5
* 1.7
4.5
0.2

3.07 3.12 2.8
2. 1:

1.52
1.981 1.05
4.2 4.20_- .-

0.11 0.18 . - I 0.1 0.57
0.0 0.0' 0.06 0.0 0.04
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*# SE
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METRUCS AND ZDM ICI8dt C 1 1M _ _ _ _ __S_ _ _ _ _

BIOASSESSMENT INDICES
P-ID! (Karr ot al. PVALUE
Tax richness 27 -35 42______ 33_____ 30 25____
E' richness! __ _ _ _ _3 2 5 __ _ __ _ 4__ _ _ _ __ _ __ _
Prichness! 0 3 __ __ 3_ _ 0__ _ _ _ 0 0___ _
T richness 2 5 6 __ _ __ _ 3__ __ _ __ _ __
Long-lived 4 7 7__ _ _ __ _ _ _ 4__ _ _ 2___ _
Sensitive richness 0 0 0__ _ _ _ _ __ _ __ _ _ __ __ _ __ _ __ _ __ _
%tolerat 8.06% 9.38% 8.1I1% 0.70% 21.43% 8.36%
%predators 3.13% '3.03% 5.46% 1.48% 7.32% 4.88%
Clinger richness _ _ _ _ __8 14 __ __ 17__ 8__ _ _ _ __ _ __ _ _ __ __4_

%domninance (3) 59.70%j 73.30% 74.48% 71.83% 51.79% 68.12%
B-I81 (Karrat al.).TOTAL SCORM 20 '26 30___ _ 22__ _ _ _ __ _ _ _ _ _

WYOMING DEQ INDICES - VALUE _____

Taxa. richness 27 35 42______ 33 __ 30__25
E richness 3-2aI.
P richness 33000
T richnemss._ _ _ _ 2 _ _ _ _ _ 5 _ _ _ _ _ _ _ _ _ _ _ 3__ _ _ _ _ _ _ _
% E (no baetids) -.. . .4.77 55.12 61.50 1.22 7.86 0.52

%P 0.00 1.01 -2.21 0.00 0.00 -0.00

%T (no hydropsychids) -0.16 3.32 2.21 0.00 0.71 0.00
% 5 domilnants 73.68 80.38 79.79 86.52 66.07 . 78.57
% non-insects 74.18 1.5 12.09 83.13 56.43 40.07
% scrapers .. 13.32 -. 11.11 12,24 6:00 21.79 7.84
HBI 6.95 . 5.95 6.08 .4.87 4.47 41

aTQa 96.80 .- 84.07 8.8101.30 94.35 91.11
SV richness ___4______

WYO1LING DEQ INDICES 51STV RATINGS __ _ _ _ _ _ _ _ _ _

Western High Plains fair . good good poor 1fair - . poor
Northwestern Great Plains p ~ fair pooror poor..
Wyomning Basin fZ. .pvory air .. or.,yl"
Middle Rockies West ' Very poor porfair very poor poorverypoor
MRC, Elevation;, 6500 porfair fair veryor.ppoo
MRC Elevation -c6500 Yer poor porfair very poor *poo very poor
Southern Rockies poor poor far verypoor - vr or
Black Hills -poor. fair goodvery poor fair po
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lZETRICS AND INDICES
...... .. - - C = = S~~ampeatel 7/820 7/820-i 71720 /720 mm

13lOASSEBSldENT INDIC1S r
B IBI (Karr at all.) -VALUE LLL<

Taxa richness - -31 =32- 37 2t 21
E rihness _2 2 2 2

o H1chness_ 0 0 0 01
Trichnes 39 -4 __ _ _6 -5

Long lived 3 4 7 4 4
Senotive richness 0 0 0 0 C
%tolerant 25.12% 32.32% 25.71% 7.50%
%predatorc 2.47% 1.45% 2.11% 1.85% 2.61%
Clinger richness 10 12 12 12 11
%dominance 13) 75.27% 61.03% 63.29% - 65.04% - 86.62°
B-IDS (Kss ot al . TOTAL SCORE - 16 -2 = - 22 - 22 22
-YOMING D1 INDICES * VALUE = =

a richns 31 - 32 37- --3 281 27
5richnes 21 2 -2 2 - 2

-1 i
i

I

P IPrichne.s
-I 4 .�4 �.4. **4 �J.
IT richness
% E (no baetids) 9.66 - - 27.86 - 27.93 - - 31.60 -- 75.2C
%P- - 0.00 = 0.16 0.00 0.00 0.16
%T (no hydropsychids) - 0.12 1.45 1.27 . 6.39 1.14
% 5 dominants 82.45 79.23 73.42 79.50 89.89
% non-insects - 14.84 20.13 17.05 9.75 9.79
% scrapers - 37.34 25.12 37.55 27.56 - 5.87
HBI - . - -5.14 - 5.1 5.46 5.36 -6.24
CT1a - - 102.10 - - - 85.93 97.29 - 86.91 - - 94.45
SVrichness - - .0 -0- 0 0 4
WYOMING DEQ INDICES - SITE RATINGS - -

Western High Plains g ood good good good good
Northwestern Great Plains - - poor fair fair - fair - -
Wroing Basin. .- - 7o - .fair .

Middle Rockies West - - --- poor poor poor -- poor - poor
MRC Elevation > 6500 poor fair fair - fair -
MRC Elevation < 6500 poor poor poor - poor -- - poor
Southern Rockies poor poor poor poor - poor
Black Hills poor -fair fair --- fair fair
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Montana Plains ecoregions metlc (Brarmblett and
Johnson 2002:

Sample date 7/18/2004 7/17/2004 1 7/17/2004 7/18 4 7il8/712004
Site name Ml__ SM _ ___2M I____IN _ _ _ _ 1M _- ________ _P__9M _ __8P.1AlOM

Nffle
EPT richness _5 10 14 1 7 2
Percent EFP 8.06% 73.74% 75.81% 1.22% 12.14% 32.75%
Percent Oligochaetee and Leeches 7.89% 4.76% 3.10% 35.13% 33.39% 33.62%
Percent 2 dominants 49.34% 66.52% 67.99% 59.30% 43.21% 60.45%
Filterer richness 3 , 41 4 2 O I 0
Percent intolerant 0 .00% 5.48% 5.31% 32.35% 22.86% 28.40%
Univoltine richness 14 20 25 16 1 14
Percent clingers 14.47% 19.19% 16.81% 13.74% 28.57% 9.58%
Swimmerrchness 2 2 2 2 0 0
Pool _ _ _ _ ______ __-___
E richness 3 2 I 4 2
T richness _ 2 - 6 0 3 0
Percent EPT 8.06% 73.74% 75.81% 1 22% 12.14% 32.75%
Percent non-insect 74.18% 13,85% 12.09% 83.13% 56.43% 40.07%Filterer richness 4 2
Univoltine richness 14 20 25 16 15 14
Percent supertolerant 75.00% 8.66% 8.70% 50.43% 28.57% 18.47%
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monitsua Plains ecoregloan metrlce (Brsnblett and
Jonon 2002).JhsoSO mgtpl date l 7/S20 711S61 4 2004 7 04 1 7117/2004 7/17/2004

Si - - Ete namne BP26 BP.2A 719 P36 P4H 4M 7 IPX3

EPT richness 12 6 . ._8

Percent EFP 15.19% 42.51% - 40.08% 51.60% - 79.28%

Percent 01 ochaet-es and Leeches 5,42% 12.72% 4.39% 7.23% 7.67%

Percent 2 domlnants 65.61% 50.40% 57.55% 54.29% 81.24%

Fitlterer richness 3 ._____ 3 3 4 3
Percent intolerant 4.71% 9.34% 4.14% 8.40% 7.01%

Univoltine richness 16 =- 20 19 13 11

Percent cinger- 71.14% 41.55% 46.08% 50.59% 10.44%

Swimmrer richness- ________I____

Pool ,=, .. -I

E richness 2__ _ -,_ 2 2 _ _ = _ 2 2 2

:Trlcenteee 15.19% 42.51% 40.08% 51.60% 79.28%

Percent non-insect 14.84% 20,13% 17.05% C 9.75% 9.79%

Piiterer rchness 3 , 3 4 3

UnIvoltine richness IS 20I 19 13 11
Percent eupertolerant 9.54% 10.95% 13.00% 8.91% 3.26%
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I Taxonomic and Functional Composition

ME 7/18/2004 7/18/2004
uP-i 9M IP-1A IOU

Taxonomic composition percent Taxonomic composition - percent

0% 20% 40% 60% 80% 100% 00/0 20% 40% 60% 80% 100%

O Non-insect taxa * Odonata U Ephemeroptera * Non-insect taxa U Odonata l Ephemeroptera

CPlecoptera *Heteroptera OMegaloptera O Plecoptera U Heteroptera E Megaloptera

ETrichoptera 0 Lepidoptera * Coleoptera *Trichoptera 0 Lepidoptera * Coleoptera

EDiptera 0 Chironomidae EDiptera 0 Chironomidae

Functional composition - percent Functional composition - percent

a Predator 5 Predator

* Parasite U Parasite

0 Gatherer 0 Gatherer

\1 Filterer 13 Filterer

* Herbivore a Herbivore

* Piercer 1 Piercer

* Scraper \ Scraper

_ Shredder \ Shredder

* Omnivore \ Omnivore

/* Unknowvn U/ IUnkno vn
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7/18/2004 7118/2004
SPF2 6M B P2A 7N

Taxonomic composition - percent Tzxonomic composition - percent

0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%

* Non-insect taxa * Odonata O Ephemeroptera a Non-insect taxa * Odonata 1Ephemeroptera
D Plecoptera *Heteroptera 1 Megaloptera O Plecoptera *Heteroptera 1Megaloptera
*Trichoptera O Lepidoptera * Coleoptera *Trichoptera 0 Lepidoptera * Coleoptera
* Diptera O Chironomidae _ Diptera 0 Chironomldae

Functional composition - percent Functional composition - percent

* Predator _ Predator
* Parasite \ Parasite
o Gatherer 0 Gatherer
O Filterer \ Filterer
* Herbivore * Herbivore
e Piercer _ Piercer
* Scraper r Scraper
_ Shredder \C Shredder

* Omnivore \ Omnivore
/*Unknown \ Unknown
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Taxonomic and Functional Composition

7/17/2004 7/17/2004
rSP-3 5M SF4 4

Taxonomic composition - percent Taxonomic composition - percent

0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%

* Non-insect taxa * Odonata OEphemeroptera * Non-insect taxa * Odonata IlEphemeroptera

O Plecoptera * Heteroptera *Megaloptera O Plecoptera *Heteroptera *Megaloptera

*Trichoptera O Lepidoptera * Coleoptera *Trichoptera O Lepidoptera * Coleoptera

* Diptera O Chironomidae * Diptera 0 Chironomidae

Functional composition - percent Functional composition - percent

* Predator E Predator

\ Parasite \ Parasite

\ Gatherer \ Gatherer

O Filterer O Filterer

* Herbivore * Herbivore

* Piercer _ Piercer

* Scraper * Scraper

O Shredder 0/ Shredder

* Omnivore \ Omnivore

|Unknown U Unknown

B3



7/17/2004
8P-5 tM -I|

Tazonomic composition - percent

.I I I
_ I II

0% 20% 40% 60% 80% 100%

* Non-insect taxa * Odonata DEphemeroptera

O Plecoptera * Heteroptera U Megaloptera

ETrichoptera 3 Lepidoptera U Coleoptera

* Diptera Cl Chironomidae

Functional composition percent

* Predator

* Parasite

/3 Gatherer

0 Filterer

I* Herbivore

* Piercer

* Scraper
O Shredder

* Omnivore

* Unknown
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I Taxonomic and Functional Composition
-

7/18/2004 7/17/2004
FCM1 aM MB-I 2

Tasonomie composition - percent Taxonomlo composition - percent

0% 20% 40% 60% 80% 100% 0% 20% 400/o 60% 80% 100%

O Non-insect taxa U Odonata ClEphemeroptera O Non-insect taxa U Odonata OEphemeroptera
OPlecoptera U Heteroptera 1 Megaloptera 1 Plecoptera a Heteroptera I Megaloptera
*Trichoptera 3 Lepidoptera U Coleoptera *Trichoptera O Lepidoptera U Coleoptera
* Diptera 3 Chironomidae U Diptera 0 Chironomidae

1
Functional composition - percent Functional composition - percent

\ Predator E3 Predator
* Parasite U Parasite
13 Gatherer 3 _Gatherer
0 Filterer _Filterer
* Herbivore * Herbivore I
_ Piercer U Piercer
* Scraper a Scraper
// Shredder 03 Shredder
* Omnivore U Omnivore
* Unknown U Unlmown
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7/17/2004 7/18/2004
I-2 1in MC-1 ilK

Taxonomic composition - percent Taxonomic composition - percent

__ I I
0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%

E Non-insect taxa * Odonata O Ephemeroptera 1 Non-insect taxa U Odonata OEphemeroptera

OPlecoptera *Heteroptera * Megaloptera OPlecoptera *Heteroptera U Megaloptera

*Trichoptera OLepidoptera * Coleoptera ETrichoptera CLepidoptera * Coleoptera

EDiptera 0 Chironomidae MDiptera 0 Chironomidae

Functionlm composition - percent Functional composition - percent

O3 Predator 13 Predator

* Parasite *Parasite

11 Gatherer \ Gatherer

0 Filterer Cl Filterer

* Herbivore U Herbivore

0 Piercer 3 Piercer

* Scraper U Scraper

O Shredder 03 Shredder

* Omnivore \ Omnivore

* Unknovn U Unknown
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APPENDIX C

PHOTOGRAPHS OF SAMPLE LOCATIONS
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Photograph C-I
Sample site MB-1
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Photograph C-2
Sample site MB-1, looking upstream



Photograph C-3
Sample site MB-2

Photograph C-4
Sample site SP-5



Photograph C-5
Sample site SP-4, looking upstream

Photograph C-6
Sample site SP-3, looking downstream

Photograph C-7 Photograph C-8
Sample site SP-2 Sample site MC-1, looking downstream



Photograph C-9
Pipe outlet just above sample site MC-I.

Photograph C-10
Ponded water on Mine Creek drainage
above pipe outlet.



Photograph C-11 Photograph C-12
Sample site SP-2A Sample site SP-2A, looking downstream

Photograph C-13
Sample site FC-1



Photograph C-14 Photograph C-15
Sample site FC-1, looking upstream Sample site SP-1

Photograph C-16
Sample site SP-1, looking upstream

Photograph C-17
Sample site SP-IA



Photograph C-18 Photograph C-19
Surber sampling at Site SP-IA Sediment sampling with Eckman dredge

at Site SP-IA



SPRING CREEK EVALUATION

Lil FOR:

Pathfinder Mines CorporationLi Shirley Basin Mine

Li
ydro-Engineerin, C.C.

I -:-January, 2005

Li
Un

Li
.,a



TABLE OF CONTENTS

Li:
I I

-Page Number

,-1.0 -Executive Summary ....................................................... 1

3.0 Study L~imitations ...... ..... .................... ................. 2
:~4.0 Flow Measurement, Cross sections and General Stream Confdition.. . ......... 2

4 .1 i t e M d c n o i e i e M - . . . . - . .. . . . . .34.2Little Medicine Bow River Site MB-2 1 5

i4.3 Spitt g Cre ekiSite BoSP Sie-5 .. ...................... . .5.......

4.4 - pring Creek Site SP-5.....

Spring Creek Site SP-2..--......
Li4.7 M~'~pine Creek Site MCP-3......... ..... . ..... .............. .........

4.8,- Spring Creek Site SP-2A...............................-------------7

[4.9 Foxe Creek Site MC-1..... .......... 8.. ...............................
4.0Spring Creek Site SP!-2 ....................................... . 8

4.11, Spring Creek Site SP- 1A. .e..9----- ...

4.12 G eneral S pring Creek.Drainage . ....
5.0 -Water and Sediment Sampling ............ ....... ...................... 10Li51Little Medicine Bow River Site MB 212

L..''ittle Medicine Bo'wRiver Site MB-4i........ ....................... 12Li5.3 Spring.Creek..Site..SP.5....13....
Spring Creek Site SP 5........... .... 13...

5.4 Spring Creek Site SP43 ...... .... 14
5.6 pri g...e..te..-. . .. .....................~..................

5. ieCreek Site SC-31.................1-----L . 5 .8 S p rin g C r e i e S - A . ... 1 6 ,
.....5.9 Fox.Creek.Site..C.... . .16 .......

Li5.10 S prn C e kSite SP-2'. .... 16
- 51 Sprinig Creek Sit....A. 1

Li 6.0.......m a................... ........ ........... 17..

L i - .i tAMpe n d i x.A. ..Cr o s s.Se c t i o n.Ta b u l a t i o n s

Li . - , . .
Li;



TABLES

- Page Number

4-1 Flowv Mleasuremnents in Spring Creek....................................... . .a4

~5-1 July 2004 Surface W~ater QualitySanmple Results .. ........ ................ 1
52 July 2004 Surfc aer Qal ity Sample Resuts... 4~*..................-O.....0

5-3 .'Sediment Sample Analyse . .... ;..;.....................1...

.o.-.

II II11 I.

FIGURES

-2-1 .Srng Creek Study Samplng s.. . ................................... .... 19UM
,PHOTOGRAPHS

I MB-2 Lower Cross Section Looig onsem .. 20

3okiPg5DCrossrSection Looking......n.tr..m.. ........ 1.....
` B4 S -4 Cros S ci n Looking Dows tream . .... .. 21

- e po a y F um2n tal t o at PA............ .....................

83 SP-2 Cross Section Looking Downstream......................... ... . .. 21

LI -9 SP~- Cro~ss Section Looking Downstream ....................... ........ 24

-3 C rCan el en N eai S P-1 A ............ * .. ...... .... 2

LI
7 Le p r r"Fl-m n tIto tS -' ............................ -

Lrsieto o kn o nte m .;., ................



L1.0 Exiecutive Summary.,

IThe general findings of the field invetigation of Spring Creek, Fox Creek and the rech o

L1ittle Medicine Bow River spanning the confluence with'Spring Creek are that, at present, there are

Hno significant negative impacts on the stream'system' resulting- from seepage from the tailings. Flow
rate in the creeks are smaller than normal and reflect the e'ffects of the ongoing drought.- Water

H uality in Spring Creek is relatively goo an is cnittwthpssa lngWthhe exceptio n
o_"f`Mine Crek seietsmlstknfo h tembed contain relatively small concentatons

Lio civitiesf fradionuclides cnittwthhe naur'prescnce, of these constituents. The elevated

radionuclide con cen'trations ~or activities in sedimnsfo MieCekae triuedtth

U proportion' oevporation and the veysall artificially-suipported flow atthe mouth ofMneCek

TJhere were noticeable impacts on the riparian zone from livestock and wildlife, particularly above

Ii and below the mine property.'

L2~.0 Introduction
Afedsuyandsmln of flwrae-water quality, sediments, and stream conditions in

Sprig Crek, Fox Creek and Little Medicine Bow Rver was conducted on'julyJ 16ad 17,of2004.-U .Eleven sample sites were selected (see Figure 2-1)'including--.-

SP-IA - Murdock Creek above the confuence lwith'Spring Cre

HSP- Sring Cre ::S g ek upstream-of the tailings area`

SP-2. Sprn Creekimmiediately below the confluence wi~th Mne Crek
ISP-2A 'Spring Creek between Mi the- Fox' Cr&6kk and in Cee'k cotnflences

V SS

SP-3 pring Creek in the 'diversion chalinel

[j SA Sping ree beo he diversion channe
SP5- .Spring rekaoetecnlnewith Little Medicine Bow RverU F- . FoCreek above' the conifluence withSrn re

MC-l MFineCreek above th'e onfluence with Spring Creek

Li
ieek abv Iec



Li ; ' At each location sediment samples were taken for chemical analyses, stream cross sections

U | :were measured, the flow rate was measured or estimated, water samples were taken for chemical

analysis, field water quality measurements were taken, and the general stream condition was noted.

-- The .sample locations. coincided with those used for an aquatic study that was conducted

simultaneously.

3.0 Study Limitations

=A omparison of stream con be n the MC41 site at the mouth of Mine Creek and
other sample sites was compromised by the fact that Mine'Creek cannot be described as a stream. A

.' : : : . . ,. ,- .- ; f-. 'i M C ' h' - , -0 = . . . ,.S .. ,. .

[ :- -more accurate description of site MG-i would be a'boggy area where a very small flow (<1 gpm')

from a temporary impounddment alongMine Creek discharges'to sediments at the base of the draw
, PO .8 d th0. .. , ; ;-. .,.-. - . - . : . -0fL withl additional saturation resulting from a surface expression of leakage fromthesmall. .

impoundment. The flow and the water level in the..simall impoundment are supported'almost

" : entirely by fresh water:injection into the recharge lines as part of the site corrective action plan

(CAP).- Typical flows from this site do not- exceed a few gpm and there is no defined channel.

4.0 Flow M surement,Cross Sections and General iStream on ition

Cross sections were measured at each sample location.: Where possible, a board was placed
-j i X, f 6- .I across the section approximately perpendicular to the flow and leveled. Measurements were then

tae0rmtetpo th or.I h aeo iteMedicine Bo River sites MB-2 'and MB-ia
: '-;..tken~fr~omthe top oftheboa.rd.-Inthecase'ofLittle' c s e M-L inewi a in el e cd cros thechannel'and measurements were tak

-. *Si-uosity of most reaches near the sample sites was great enough that it was not always possible to

L -find a completely straig riffl sectiio from ich to ikesa s an measure cross sions.

A. flowmeasurement'was taken at each sample site. It lid prove to be very difficult to get

accurate measurements at many of the site ecause flow depths were typically very small and the
-n ,s .. h. .- uni. .. , ,. .. . ... , f o .. . i: .

channel :cross sectons were highly non-uform. -;There was also some moss growing in some -

reac.'r'ces which'e ffectively prevdeted use of a P r. B u e ff ti n

- ----.measuing velocities in shallowflows for the complex cross sections, a temporary flume installation t
Li using one or two 3 inch flumes or a 6 inch flume was used to measure flows along Spring Creek and - -

'2Li.L I ; , ,0 S ; -- ,f .0 X , , , [, ,, ; ; -, ; , . ,



LI Fox Creek. Mea~sur'em-ent through'a flume eliminiates the problems of accura-tely meas-urng both the

LI cross-sectional area of flow -and the average velocityfor the cross section where flow depth varies.
Some dsadvatagesof a temporary, fl ume installation -include: it can be -difficultocmeey

LIcpue -eflow d ecin the flume without excessive dsubneot he reach ad the storg asociated
with increased flow depth through the flume can delay, stabilization. Dept tedsdvatgso

Uand the'additionaleffort necessary toi istall flumeis, the measureetaecnsied mor relibe

Since it was necessary to acquire the samples and mreasurmets ove the saesmpling cycle for

Uthe aquatic study,,the stabilization time ~for: ech flm ntlainwslmtd herefore the
measure ment of flowrte at each site is interpreted. with the storage effects. The presentation of

Liflow measu'rements' i's from the downstream location on Little Medicine Bow River.

The general stream condition was also noted at each sample site., Photographs were taken at

Iiselected sites. Much of Spring Creek is open to grazing by, lietc nd dwrnstream. sections are

u ~also subject to modifications by the landowner ~to facilitate usage and access.

4.1 Little Medicine Bow River Site MB-2

LI Two -cross sections were measured -near: -the smlsiewtaprxatefo

measurements take atthe two loaIon.Tedwntemsc ionB-2 Lower, -was ten as a

suplmnta secion while aquatic sanipling was underw;ay. at the actual M-2 st.Truhti

LI jreach, Little Medicine Bow River is characterized bya sequence of pools and riffle sections with
significant channel meandering (seIe Photogrph,~~ 1) A tatiain of cros's 'section-info rmation is

U ncluded as TableA-.Ii iAppendix A. :Current veloc'ity at the MB-2 Lower site wasmeasuired wt a

Pygmy Current meter. It was onypsil otake' me-as ur-eme6 nts from a central section wit larger
I fiother -locationsaon-te'tu wdphand greater velocity.--: At7 aln h rs scin hflowato

shallow,' too' slow,; or chke withemossoand epit ehre acurrent meter would not

Lfncinpoperly.,Even at the central lo'cation with moderate veoiy hefo 6eth was too smal
(.7t0.9fe)and h ublec a o great to reliably operate'the current-rrieter A~

Li

Li



Table 4-1. flow Measurements in Surina Creek

I a -I

i - , .

LI
Li

.*Estimated.T
Measured - Effective-I

Estimated Cross-sectional Cross-sectionial flumnes Discharge, Discharge
Site, Veo Area of nlow Area of Flow ~-Installed Estimate Estimate

Ieet/secona (sqare feet (qarefee = Cs ]E
2. one 2.61284

11 .124 None: 2.74 1228

MB-1 .1.2 1.717 None 2.04 91

52-5 0.63 2-3"Flumes 0.63 to 0.67 240 to 256

SPA 0.63 .6Flue 0.4921

S-3 1.87 6Fle 0.5292

SP-2 0.7 6" Flume 0.60 271'

MC-1 -None 1-2 gpm

SP-2A 0.56 6" flume 0.58 261

FC-1 0.18 S" Flume 0.11-4

SP-1 0.1" flume 0.3917

SP-X ______ 0.86 4"Fl2S~umes 06 26

'Tetota cross-sectional area of flow ws reduced to an effectve cross-sectional area
of flow to reflect that portion where the flow velocity Is significant.- This excludes areas'-
of very sha~ow flow and areas where the resistance to flow isgreat.~~:r

In order to discounrt -areas of the channel where th lwwas relatively stagata efciv
crs-sectional a'rea of flow was estimated in order to calculate discharge. Jin combination With the

estimated current velocity of 1.06 feet/second (fps), the 'estimated flow at this section -was 2.86 cfs-,.

(1 284 gpm). Cross se'ction MBff-2 Lower was'6 lcat-ed on a channiel 'bend and the re, wa6s, noticeable

deviation from a le've'l water surface acros'sthe ~se-cti~on -which clear6ly indicates flow acceleration'.:-

Channel bed materials ,thrugh lthe riffle "section ranged-up'tosmall1 cobble's. The're-Was :some

degradation 'ofthe riparian area' by, liestok aciitalthough there is some stabilization -of

coll ttaps-ed ve-rtic-a Ibanks by vegetaioni.-. .

J<he tabulation ocrssetion MB-2 is include'd in 'Table A-2 of Appends ecn -Aix kA. he current

velocity wa estim:ateid uisinig a floating strip of flaggn tape because the flow ,depth and velocity

wasnot sufficien toprate'the P~ygmy current meter across a reasonable section of the width.~_
Phtgah2sosaview of site MB-2 looking upstream.; Lk'stMB2Lrrheeffective

'fo re a idc node odison thfe` ar! where the contribution to total flow is not

significant.-'The estimated fow at this' scion ws2.74,cfs (122 gpm) and based o n the fact that

II
Li



Li the channel was straighter With a'section, that more. closely'approximated a parabola, the flow

L Iestimate for site NM-2 is considered -more reliable than th-at for site IvlB-2 Lower.The channel bed at

:site NM-2 was armored with small ~g ravel to small cobbles. There was significant degradaton of the

[j southern channel bank by livestock and wildlife activity..

4.2:Little Medicine Bowv River Site MB3-1

The flow measurements and the measurement of the cross section for bite MB-i1 wee done in

Lia manner similar to that for site MB-2. The crosss'ection was 'measured using A line spanning the,.:

sectio'nand the results are included in Table'A-2 of)ppedixKA The widhoflwortisein

Liwas narrower than that at site hM-2 and the current velocity was more unifor acosste scion.
Thrfore,: the' entire flow area was used in aluaInth estimated flow of2.04 cfs (916gr)ThrLI ncluain h f1 p),

The channel bed at site MBf-i was armoredvwith small "gravel t-o sm all cobbles, anid there was minorulivestock damage to a sanda one north 'side of the channel.

4.3 Spring Creek Site SP-5

-~Site SP-5 on'Spring Creek is'located just upstream of hecnfuec wthLtte eicn
~Bow River. There is considrbe eI den ce of livestock aciiyaddisturbacintere ad

there is an abandone cuvrdcosn jutdwntem :tesite -(see Photograph 3). ~ e cross
sction tabulatio ispeetdi6al f Appendix A-andthe flowmi te section was measure'd'~'

with a tempry intlaino w -nhfues. 0Afo rign fm053 to 0.57 cfs (240 t6255
gpm) f eo day did appear toLI )',vwas meas4u'red at site SP-~5a~t atimeof shortly'afterl13:00OMST. :~The timo d
hav~e aimatoflw rate because the rates ofre1 alb evaporation and evapotrnprtio

U during te midl of the .day could conistitute fiteauaeraction of the fow in the creek. The"'

dphoimonmnbythe flumes' was relativelysmall but the flow may-have ben slightly

unerstmae duoicmlete stabilization of the stag uptreamof te flumes h hne

bed -material for the setin a pimrily sanid to small &i wtsome smiall 6cobblemtras

~M6chdf the material utside ~of the immediate chainnelarea also appeared tobe relatively coarse, S-.

itl htthr a igiiatconveyance in the limited luva system.tca

Li'



L' 4.4 Spring Creek Site SP-4

U Site SP4 on Spring Creek is located downstream'of the end of the Spring Creek diversion.'

'The channel banks are well vegetated and relatively stable,'but the grass is cropped short due to

U | grazing (see Photograph 4). The cross section tabulation is presented in'Table A-3 of Appendix A
nstlltio o a6-inch fume lwa

and the flow in the section was measured with a temporay installation of a fle. Flowwas

[ - 'measured at 0.49 cfs (219 gpm).'' Slope of the channel segment upstream of the flume was relatively

mild and there was a substantial storage in the temporary impoundment created by the flume (see

L : Photograph 5). Unfortunately, this storage and the water loss to the stream banks with the increased
water'depth uptream ofthe flume resultedi ia n flowstabilization and the flow is believed to

[ -be un' derestimated. -Like site SP-5, the measurement was taken in early afternoon and there was the

-:potential for significant abstraction by' evaporation and evapotranspiration. The channel bed

L ' material for the section was primarily sand to small gravel with'some smali cobble materials.

I *4.5 Spring Creek Site SP-3 '

Site SP-3 is located within the Spring Creek diversion he channel banks are well vegetated
U and relatively stable and the grass does not appear to beengrazed. The channel slope is mild

throughoutthe diversion andthe flow is lethargic witha lot vegetationifthintheprn'-ary channel;

.; ;(see Photograph 6). The cross section tabulation is'presented in ,TableA4 of Appendix'Aandihed - -

U flow'in the section was measured withatemp 'i atio ofa6-inch e(see otograph 7).

Flow was measured at 0.65 cfs (292 gpm here was'substantia Istorge'in the tempDorary

U impn ent cr the ume, t theflue wassetovernig toallowstabilizaion There

-was a minor failure of a wing wall the following moing and this was corrected approximately 90

L- minutes before the reading was taken. -The degree of underestimation in the flow is expected to be-

small, but the e n wastaken at approximately 9:30 MST sothe a action by evapos'cnspiratio-
A t ;'.-,'.,, '"' ''-'' -' ''' '3 ";L : may have reduced flows slightly. -The channel bed material'for the section was much finer than-

sections outside of the diversionad had re I ttle a nd cole sized particles

6LU ~ ' ' . y' S ........ D , VD t .... i



L 4.6: Spring Creek Site SP-2

U Site SP-2 is located upstream of the Spring Creek diversion. The channel banks are well

vegetated and relatively stable and the grazing pressure is less pronounced than sections downstream

: of the diversion (see Photograph 8). The cross section tabulation is presented in Table A-4 of

Appendix A and the flow in the section was measured with a temporary installation of a 6-inch

' -fl ume.'Flow was measured at 0.60 cfs (271 gpm). There'was significant storage in the temporary '

impoundment created by the flume,. but the stabilization of flow appeared to be nearly complete..-:

: 0The chanel bed material for the section was primari sand to small gravel with some small cobble

materials. There was moss growing in the riffle and pool sections and the sinuosity of the channel

d downstream of site SP-2 was moderate while the channel was relatively straigt immediately

= '- upstream of the site.

4.7 Mine Creek Site MC-1U Site MG-I is located at the mouth of Mine d d on 3.0, a
e eCreek As described in Section30 GIi o

stream flow'and is primarily the surface expression of ee s

LI impoundment combined with a' fraction of a m discharge omfrom the pipe outlet from the

' . . ,:,impoundment. There are no distinct channel bas an sample site is Iy a bo area

where the water olects i small vulets wit anestim total flow oto2gpm. No atept '

was made to measure the flow because excavation to collect and capture the flow.would have
_n lif .imp.ad'in ; -;S - -, th area,

dramatically.biased the flow measurement. There:is'considerable-wildlife impact in the area

U (livestocktareexcld ed). Mch oft sa r ea rs to efnctioning under anoxic or:
Lk are. ' . ,klie) Muc = atredra-a-m A be ,,,, .,

anaerobic cnditions.-_'

4. Spring Creek Site SP 2A'
"J Site SP-Ais loc upstream of th cofl ofSpring Creek and Mine Creek but

downst fthe fluence with FoxCreek hechanne bas are well vegetat and relatively

--ta sle,'butjlike''sectiofissdo wstrea ofthe diversion-,the'grass is cropped short and the ing'

.pressure is significant (see Photograph 9).'The cross section tabulation is presented in Table A-5 of

L - AppendixAand the flow in the section was measured withia temporary installation of a 6-inch

7'



Li flume. Flow was measured at 0.58 cfs (2611 gpm). The setting ofh 6-inc fuersulted in

usignificant storage in the temporar impoundment, but like site SP-2, the stabilization of flow
appeared to be',nearly complete when the reading -was taken. 'The channel'bed material for the

_section was primarily sand to'small gravel WIt some small cobble materials. Thr a eylittle
moss at the site and the channel was relatively straight in the immediate reach of site SP2A

;'4.9:Fo Creek Site FC-1

LSieFC-I10 iloated oni Fox Creek well upstram of te confluence with'Spring CreekTh

channel banks are well vegetated and relativel stable, but like sections on Spring Creek :the area is

U -utilized by livestock and the impacts are apparent'in'some degradation of the overbank area (see
- htgah1) h rss section tabultinis presentediTalA6ofpenx Aand the

Phoof aa3-inch flume. Flowawas
flow in ~the section was measured with a "tempoiraryintlaino a 4rhfue-Fo a

measured at 0. 11 e-fS (4 8 gpmn). The sinuosity of the channel is relati vely large and the thalw~eg slop e

LIis greater than that in Spring Creek. The channel bed materiia for the se ction w~as p Imrlsadt

U sm~~all cobble materas

-4.10 ~Spring Creek Site SP-

LiSite SP-1 is located upstream of the tailings area and corresp~onds approximately with surface

Ifatrsaping site SW-A.Chnnl anks are well vegetated and relatively stable, but tere are.

obvious impacts by grazing of livestoick andwildlife. Te cross section tabulation is presented in

LITable A-5 ofApni A and theflovwin the section wsmaured Witha tempofrar installation of

-a 3-inch flume. Flwwasmneasured at 0.39 cfs (174 gpm).>,Uniffrtuatelythe available oain o

,U ,setting of thle flume were not favorable and th reulting measurements were compromisedU by
_incomnplete stblzainmd difficulty iii catrigthe 116w.In' ih fagetrmaue lwa

Liusra ieS-A h lwat site SP41 is likel underestimfated by roughy 30% .~The sinust
atte section' is relatively la'rge anr'dt'he chane bed mate r'ial s arSierta owsra

Li
ns . 8 pi re tsirng pt i o esz
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Li 4.11 -Spring Creek Site SP-1A

LSie SP-1A is locate ustream of the tailings area on a tributary of Spring Cekta a
bendsgnated Muroc reek. Channel banks are well vegetated and stable in some sctions,

Ubut thr ssgiatdgadation by livestock on vritical banks on'the outsd omeners (see
Photograph 1).The- 'cross section tabulati'on is presented in Table A-S of Appendix A and the flow

Lintescinwas measured wtatepryinalation of two 3-inch flumes (see Photograph 12).
Flow was masure at 0.5 cs(2gp) Thsiusity at the section is greater than downstream

jjsections on Spring Creek and tecane be aterials argnral finradagefo sadt
gravel with only a. small fraction of cobbles Unik th major Spring Cred drainage, Murdock'

jj Creek is primarily a spring and ground-ae fdtrmwihas lerupland drainage area.

Therefore, the erosion and aggradation of canlraches by ruinoff flows is less pronounced at site

Li `~SP1IA than it is on sections along Spiritfg Creek.-

Li ~4.12 General Spring CreekDrainage.
Temaueflwaog' the _Spring Creek drainag wa reasonabl' ~consistent with the

compo'site flow of various contributing surface an grudwater fows wit~h6 the ecepinowh
sie S- ndSA Temasrdflwit these two -sites" -were compromised by a less than ideal

loato for _flume installation annuffic'ient stabilizationi time, and flows at these sites are liely

Usignificantly underestimated. There may als'o be a slight unfderestimation. Of flows at other sites that

.wer eaured with a flume due to th daized asyffiptotic approach osed lwwt trg

upstream of the flume.

Tee was some evidence of diurnalcligo thefwwhc is attribuetoheigras

Li of evaporation and evapotranspiration during the sampling perio&, -The largest flows wrtYpial
.,:observed with meiasure~ments -taken in the moro-ning and tere also appeared to bea cumulative effec

Liatdowvnsiream locations' due to the cumuative abstractions from the flow." The nih-mefosn-
SpigCek o reand LItl Medicine BoPie a e appreciably greater than teLI -measured flows. T,.he flow at site SP-l]A in Murdock Creek may not change apeaby thoughout

teday because the site is relatively, close -to tihe' sore rigfrthe perennial flow:'1

Li



5.0 Water and Sediment Sampling

Water and sediment samples were taken at each sam-pling- site. The results of the water

sample analyse's are preented in Tables 5-1 and 5-2. The results of the sediment sampling are

7presented in Table 5-3.Li, .
II ~
Li

Li
LI
LI
Li
LI

Table 5-1. July 2004 Surface Water Quality Samnple Results

i:Yel Field Dissolve Nitrate&
Site I[Ud latvy p Oxygen Allkalinity Chloride Nitrite 'Sulfate

jJ[ hOS) j(std. units) (ppm) m/) (mg/,) (mg/,) (mg/i)-

~SP-IA 291 .7 -9.6 -1291 <1 :0.31 17

SP-1 -250 '9.34 1I1.4' ~120 <I1 0.26 1

T-i~ ~ 310 8.83 14.5 160 2 -<0.1 19

~SP-2A :362 8.53 8. 147 <0. 23

MC-I1: -7241 10.31 9.6 - 0 1<0.1 154

SP2307 9.03 '11.11 - 32 8 <0.1 27

SP-3 ~ ;329 9.13 10.6,: :138 ~ 8 :<0.1 30

-SP4A -317. 8.8 8.4 122 10 <0. -34

SP53281 74 1310 <0133

:MB-l 292 9.12 106 12 <0.1 24

MB-2 ~ 304 .8.69 7.6 1287<. 24,

- -j , , r - : 7 -I

Table 5-2 July 2004 Surfae WaterQuality Sample Reut -- -

(mg/) (m) ( (mg/) (mg/1) (pCi/L) ~_(pCi/) (pCi/b)

H P I 1 96 8 < 0 .0 0 1 0 0 6 0 1 -< 0.2

U . P 11 0 j 5 < 0 .0 0 1 I. 1 6< 2< 0< .
TOi 213 - 4.8 <,0.001 - 0.0217; <02< 10 <0.2

-S -A 2 6 26.8 . <0.001 "0.0195 ; <02 -: < .01 02

MO-i 381 - 51 '0.01 1 -- 00109' 1 <1.0< .

Sp-,2 10.8 0. 0.0214 031.<0.2U-S -3 ,-209 25 - 0. 01 0.0231 3< .0< .

~SPA ,201 S2. <0.00 1 :00203 0.4 - <1.0 <0.2

-- SP-6 ~223: 29.8 0.00 0198- 02<100.2

MB-i - 164 00 1 0.0105 <02 <1. 0<.
M 21 96 40 0 1 0 0 133 <0 1 0< 0.2LI

1 0
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Table S-3. Sediment Sample Analyses
Samples Taken July 2004 _______ amples Taken November 2003

SieRlnum Uaim1a-2261 Ra-228 Th-230 1 elenium f Uranium J a-226 R la-228 Th-230

SP-1A 0.41 2.48 1.1 0.9 0.5 - --

SP-1 1.4 6.7 . 0.6 0.9- 0.79 621. 1.2 0.8

'FC-1 0.93 - 3.64 1.4 1 .1I 0.0 3.1 12.41.

SP-?A 0.49 .4.13, 1.4 0.7 1. --- - -

MC-1 1.44 29.3 30 3.9 39 0.53. -27.1 141 1.1: 7.4

SP-2 0.36 -9.18 4.6 1.9 4.7 0.26 10.8' :.3 -,.3.4 2.2

SP-3 0.15 2.16 15 0.5 1 <0.0 3.4 13 0.8- 1.

SP-4 I0.17 - 2.37 10.9, 0.4 0.8 _<0.05 3.83: 1.1 .0.7 ~ 1

SPS 0. .5 16 11 <. 00 .3 0.9 0.6 1.2

7MB-i 0.12 0.96 0. 0.4 0.3 0:~.49 169 13 0.6 1.2

M6-~2_ 0.23 -1.89 0.7 0.5 ~0.9 0.2 .7 11 1.8 ~0.8

Uuct erwe__d s

LiMeasured field coniducivities in the wate wr-e relatively small and were consisent with
measured T-DS concentrations. There was a very small inicrease in conductivity aind TDS from -the

Li upstream Sprinig Creek site SP IAto the dow nistream'site P5, u h nraei lssta th

general variation within the measurements along the_ creek and there is- no trend that reflcts any.,

Li ailings im pacts. W ith the exception of Mine Creek site M -,tew er cualit re suls re ve y

sim ilar a dr fect natural w ater q aiywit no m easura l aln si p c. T es m l r m M -

Li:had a conductivity, TDS concentration, ands slate concentration tat was modetlygreater than
oer sample sites. The field pofhe samples wsgetr thani 8.0 at all sites ad the dissolved

L: oxygen ranged from levels that were approaching saturation to super saturation.,''
The" results 'of te sei ets m ln h y sampling and the Novemibe

Li 00ism pling are jincluded in- Table 5-3.:-. There was, slightly morei variability ii -constituent

cocnrtonsfin sdiment samples than the corre'sponding wate sapes. The'results from.te w

sapest eegnrally comparables with te exception of uranium concentration at site MB-I
where the concentration in' te 2004 sample wsdamaticall lower. ~Constituent concentrations

Li



measurements in the Section 4.0, the discussion of watetr and sediment quality is presented from the

L .downstream to the upstream sampling sites.

5.1 Little Medicine Bow River Site MB-2

The water quality at site MB-2 was consistent with a combination of Little Medicine Bow

[j --flow and the Spring Creek water which has slihg reater TDS and uranium concentrations.h:

Concentrations of all constituents are well b levels of conce and there is no indication of

j measurable impacts by tailings seepage.-The dissolvd oxygen concentration-is slightly below

saturation and this may be related to the significant growth of moss in the area. The water had low

L -turbidity and there was no noticeable odor.

: -The constituent concentrationslin the two sediment samples for tiis site are resonably,

L similarand are below levels of concem. Samplingprocedures fortheJuly2004 samplesweremore

consistent so the more recent samples are d for comparisons between the sites. Although

U concentrations of radionuclides ndseleni at site -2 aresghtlyg terthanthoseatsiteMB-

1,they are well within the range of natural sedimenit concentrations for the Spring Creek ad Little

LI Medicine Bow drainage.

U 5.2 Little Medicine Bow River Site MiB-i

j The water uality atsite MB-Iwassrasonably similar t6 that romupstrearnsites onSpring

: Creek. Waterquality isgenerally cnsisgt'er t ntwih the"hionewatercquity from this site. Althogh-

Li .c ncetrttionoradionuclides is slightly lethan ose at site MB-2, concentrations at

-re well within the range of natural concen ations fro upgra di siM-l. T ea

jsolved oxygen concentration was super-saturat t n turbulence in the

extended riffle section at the sample site There was very little moss at the sample ite and the

Ij turbidity atthe~ o i a low

The.difference infconstituent concetrations betwe en the analytical resuts for the two

, , '.sedimentsamples for site MB-I issignificant. .The activities of Ra-226, Ra-228;and Th-230 are. .-

lowercforothe.neore etsamplebu areat elativel lowlevelsforboth sample sts. Therewas

L also a decline in selenium concent ation for the most'recen sample, but again, the concentration for

Li



- - both sample sets is relatively small and the difference may'simply reflect natural variability in trace

constituent concentrations. There was a dramatically lower uranium concentration in the most
- : recent sediment sample when compared to the November, 2003 sample. The uranium concentration

of 16.9 mg/g-dry in the November, 2003 sample is plausible given the measured range in other

samples, but is considered generally unrepresentative of site -Mi-1. There is also the potential for

significant variability in uranium concenration insediment dep on adation, enatureof

clay partic matter, and redox condtions.

5.3 Spring Creek Site SP-5
L The waterquityat site SP-5, (see Tables 5-1and 5-2) is consistent with pastsamplingand:

similar to that f ththe two nearest upstream sites. Tere is no indi aton of meuabe impacts by

Li tailings seepage and the concentrations are within the range of nat b ondfor ringCreek.

The waterwas-slightlyemore turbidthan LtileMedicine wsit - and MB-2 and this s

alsoreflected inaslightly elevated TSS con entr werenumerous attle ilizing the:

.stream area upstream rom the site and it is ssie Tt livestoc activity contributed to theLionino74 iIincreased TSS concentration The measured issolved oxygen concentrati of7.4 is less

than saturation and may also eflect the increased BOD ased by wldlife an vestock aciity in.

the reach between site SP-5 and the do rmn f the Sin Creek diversi

t The analtcal results for the two ediment samples for site .are very simila .r.

- concentrations and activities are at levels within the range of natu bakru

5.S.4 Spring CreekSite SP,.

[j | -The water quality at site SP4 was very similar to that for upstream site SP-3 and downstream

site SP-5 t water Was y d t at several headSofocattlehwere utilizing

the stream upstream of~the site. -The elevated S concentratio likelyeflec fine se t

disturbedby the ivestock The slghtoincrese disso d coi (84 pm o

Li that at siteSP-5 isa erindicator thatth length of h re where ttleareactive may ve a

-. impact on the dissolved oxygen concentration. - rThe is littli no livestock ativit in e

13;L X'i, -eS ;;;



L s5.7 -Mine Creek Site MC-1

The general water quality at site MC-l,'although different than that at sites 'along Spring

Creek, is relatively 'good. The very small flow-at MC-1 is supported by the'fresh-water injection

U components of the corrective action program, and the surface expression of the flow is expected to

disappear shortly after injection' is discontinued; The water quality at MC-1 reflects the general
'i '~em -e ''a MC I -rfet the ',''-,''g'en ' ,4'_ ,

I | water quality.of injection water from supply wells 'WW2O and'WW23 including a sulfate

concentration in water fromrwell20thatissli htly terthat typical Spri Creek water. The

slightly greater TDS concentration and conductivity at site MC-1 is almost entirely a result of the

-slightly': greater, sulfate concentration in the injection' water that was 'used until recently.

.L- Concentrations of allconstituents are below levelsmof concern, and in .the case of uranium,:the
an - : -T ; y . te -- .- ,-.-.=:--.-{*i-wat*-

concentration is lower than typical Spring Creek water. The turbidity ofthe'water was low and the

,i ;: .' 'dissolved oxygen concentration was saturated'or super-saturated.

The analytical results forthe two -sediment samples for site MC-l differ for some

'constituents but both samples reflecthigher concentrations activities of constituents th'e S prin

Creek sampling sites. The higher concentrations and activities in soils from the MC-i site without

attendant impacts on water quality can readily be explained.`:- The'soils that were included in the

LI - -samples cannot really be described as sediment because the flow is not great enough to submerge the

' area of the sample With a small artificial imipoun rdmentpstram of the'site, t sheresignicant

emergent seepage from the pond that creates .th b At the mouth f in ee esrce seae face re willeCrek -h
-evaporation from the soil surface at the seepage face wi, result in an accumulation of constituents '

within the soil, and it is hypothesized that the elevated 6ofistituent concentrations in the sediment

.samplesresult from this evaporation driven sequestration process. There may be an occasional

| partial flushing of the near-surface soils with major precipitaition events or overbank flows in Spring -

'Creek, but there isn't' large endugh steady flow for development of a pseudoe quilibraion betwen

LIconcentrations in the water and sediments. -This cuuli ce e
t teM- ill inue as ong as he- frshwater injection supports' the small

L - nimpoundmentnearth o f ine Creek ' -

Li



LA'

LI
II

5.8 Spring Creek Site ~SP-2A

Water quality at site SP-2A is generally consistent wth a combination of that at upstream

Site SP-1 and the contributing flow from Fo'x Creek. :A slightly greater conductivity is not supported

-by-acomparisonfD onetaions with adjacet its. The turbidity of the water was low and'

the dissolved oxygen conc'entration was approaching saturation.,

-Site SP-A was added to the July, 2004 stu~dy, and thus there is only one se'diment sample for
';the site., The osiun cnenitratio'ns in the s'edimfient Are similar to those from upgr~adinie

-SP-A.-SP- an FCl Th c ncetaions and activities in te sedment donot give anvindication
Li-

of seepage impacts.

5.9 Fox Creek Site FC-1
LiW trqu~aIifty in Fo'x_ Cree is very similar to th y ia ae q aiyi pi gCreek. The

-alkalinity, urtanium ; and T S c n e tai s r slightlyigeate t a th se for upgradie tst s o

LISpring Creek. Like the sitesao g S rn re and Littl M dcine Bow Rvr hr een

~constituent co cntains, that were -at levels of co~ncemn o exceeding: thentrlr ge o

backgrounid concentratio ns. The turbidity o h ae a o ad:the dissol ed oygen

LI ~~concentration was super-saturated.sa pe fo sieF - w re e so bl s m lrf r
The a'nalytical results for the two sedi ~ stF~.

~,radionucidsTh elenium concentrations were markedly diffeent ii the two samples, but as was

noted previously, the natural local variability in selnim oncentratio ifairly large.'h, C- ie

~was moved usra on ox re kfrte2004 study to insure ta itws well beyonid potential

im ac sfr m wi d lo ntalng . B ased on a com pariso n b t e n he reults fort t e tw o a pl s

I .there 'are no perceptible tailing rea dim ct at ihrte original or relocated FC- sites.Lsrltdipct a ih'h
LI -5.10 Spring creek Suite SP IL

Site SPlCorres o d ihthe Spring Creek b c g o n suf e wa rs mpi gsite SW lA -

LIa di slctdupstream of any plausibl seepage im at. W trqality was consitn ihpast
sa pesfr ieSW iA" and there w fereno trto~ teeconstituent concentrtosa eeso o cr h

L ' triiyof the Water was low and the dssolve oxygen concentration was super-saturated.

LI ' 16



IiThe analytical -results for the'tw'o sediment samples fior site SP-I were reasonably similar for

L Iradionuclides.: Selenium concentratioins were slightly different in the two samples. The uranium
cocnrton atti prdient site was slighly getrhan tyical values' for other sites along

Spring Creek, and this reveals the natural variability isemntccnraons.

Ii ~5.11 Spring Creek Site SP-A

Site SP-IA is locatd upstrea on udckC Crek which is the tributaryto Sprinig Creek that
splethmajort fbs lwi _Sprn CeWtrqaiywsnarly identical to-that from'

site SP-1. The turbidity of the water was low and the dissolved oxygen concentration was super-

saturated.

-The -analytical results for the sediment sample for siteSP-A were reasonably simnilar to

ULI typical values for sites along Spring Creek. The uranium concentration at this up g~radient site was
sligtl -smaller- than that at upgradient sites SP-I'an FC-l, -and this further ilustrates the natural

U variability.

The results of tesdyiice'httherejare no 'measurable detrim ental e'ects on the

geneal evironmental cond ition in Spring Creek from the tailig -seepage. ao atri h

Uobserved usage and codto ft~ reek is theJflow rate'with ~asignificant'increase in flow
ocurn utbelo'w" the cnfluence of Cpin reek andFxCek Another factor whc has aIIdaaiimpact nh condition -of the stream nd riainaestedgree4of utilization by,~

Ulivestock and wildlife." Livestock'. reptIayecue ro h ece extndn fro th

U ownstr-eam endo of the-diversioni through that aadirectly e'ast of the tailings.-The degradation of
ch annel bank an-heidcdisturbance of channel sediments may have 'a dramatic effect on-

LI Kbiolgialai it wihntestreami. There is Also te cyclical nature of fows in Spring Creek that,
can damatically impa6ctchaninel e6rosion/akggadatiori processes, w,~hic wIl inturn impact the

b"iological activity within- thie'stream.-
The meauiementofi flow rates and cro ss-se'ctions at thsmpeitswsraoblUcniTen ih te uexpecte acuuhe lwan h aua eeloapmn ofte sitreswams hnnl

U - 17
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Li
L The exceptions to a natural stream section include site MC-1 where the highly ephemeral channel

has been temporarily and artificially converted to a miniscule perennial 'flow by the fresh-water

injection, and site SP-3, in the Spring Creek diversion where the channel was relocated to a

, constructed channel section.

The constituent concentrations in the water samples from all sites ere below levels of

f ' - :0 . 'concern.' The oinly site'that'had appreciably different water quality was site MC-1, and the slightly.

-higher sulfate and TDS concentrations are ttibutable to the greater sulfate concentrations in the

L injection water from well WW20 which supports the flowatMC-l. Differences in the water quality '

-'of samples from the Spng Creek sites were very small and there were no trends or changes of

U sufficient magnitude to indicate impacts by the tailings.-

Sediment sarnples from the sites along Spring Creek, Little Medicine BowRiver,andFox

. 'Creek had consttuent concentrations that were geonerallyfimilar. With the ceti sites MC- -

and SP-2, the concentrations of the five measured constituents wer within the expected natural
Ic di if fei e-§--in se -m - o-*rg ;- 0 --;anicf3 e

urange.: .The observed variability can be attribued to differences in sediment gradation,organic'

, matter, clay particles,. redox conditions, etc. at the virious sample locations. The elevated

constituent concentrations in the soil samples-at siteMG-I -areattributdto the 0hi

.- evaporation from the satuated soil surface The sedime sample from site SP-2 ikely shows a

minor impact from the occasional flushing of sediments atthe'onue ofMineCrk p

L 0 Creek.

Li

Li'
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Photograph 1. MB-2 Lower Cross section Looking Downstream:

Section Looking Upstream
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rhotograph J. SP-5 Cross Secton Looking Downstream .:
. : :-. i - .- , A : -- E - I 7 I ;

14. Section Looking
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ii:Photograph 5. Temporary Flume Installation"at SP-4
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Photograph 6. SP-3 Cross Section Looking
. . . -
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Photograph 7. Temporary Flume Installation at SP-3

Photograph 8. SP-2 Cross Section Looking Downstream
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Photograph 9. SP-2A Cross Section Looking Downstream'
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raolograpn 11. arl Near SP-1A;

i 1

Phiotograph 12. 1emporary Flume Installation at br-IA
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Li APPENDIX A:-
CROSS SECTION TABULATIONS

LI rae Number-

[J TABLES
_A-i Little Medicine Bow River Cro'ss Sections ~t

L .Cross Section MB0-2 Lower. ............................ ;..............

A-2 :Little Medicn Bow River Cross Sections

LiCros Sectio MB-2 adCross Section ivIBf I4A2

A3 'Spring Creek Cross Sections:;.tLiA Crs Section SP-5an Cros Sectio SP 4 ........... A3...............

'K Cros SecinS- and Crss Seton S- :.-

A4.-5' Sping Creek Cross Sections
-~ Cross Section SP-'A, Cross Section SP-1adCosScto2PI -

LI
USrn re CosScin
Uc St~ ik ~t~'Pi7~i"toss-eto PA
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Li 'Table A-1., Little Medicine Bow River Cross Sections'

LiCross Secton: MB-2 Lower

Horizontal Depthto! Depth to Water Water iIncrement Cumulative Cumulative
Location Water Bottomn Depth; Dept FlowArea Flowiirea 'lwra

(inch) -(inch) (inch). (inch) (ft) (in^?) (inA2 (t2),

LI .6 45 62 -0.125 '0.010 0158 0:75 0.01

12 445 . 0327500 OA ,-~: .0 .1
18 435 45 015 000- 0.76 2.25 0.02

24 4 5 .8 6.0 8.25 0.06
0, 4 6 2 017 12.00 20.25 01L6I .17 .1

36 2.875 7.25, 3.375 0.81 20.25 40.50; 0.28
42 . .7:785 4 --:.3.33 24.00 64.50 04

U48 3.767 7.7 A 0.333.- ~36. 10.5 0.70

72 476 8 3.625 0.302 - 3.617.0- 12
:84 475 7.5 3.125 0.26 - 60 0 213.00 'I.48L96 475 68 1.625 0.135~ 19.50-2250 161
108 5.125 65 1.375 :'0.115 -16.50 .... 249.00 1.73

-120 5.5 7.5 0.167 -24.00~ 273.00 19
Li132 5.767- 8.75 3 0250 `.360 ' 3900 215

146.25 - :8.875 2.2 0o9 15 34'0.5023
156 :6.5 9.25 2,75 '-0.229 33.0 _ 373.60 2.69'I168 ,715 9.875 2.75 '- .229 '-33.00 ' 406.50 2.82
180 -7.25 -10 2.78 0.229,- 33.00 Ai6 43.53 305

19 .2 .25 ,.9 .35 463.00 31

216) 9.25 12.5g 325 0.71 39.00 508.50 3.53
~228 9.5 12.65 3.25 6.0.60 37.60, ~'46.00 3.79Lr246 1 90.84

LI

LIL

LiL'



Li Table A-2. Aittle Medicine Bow River Cross Sectons

H Cross Section MB -2

~Horizontal Depth to Depth to Water Water Increment Cumulative Cumulative
~Location . Water Bottom Depth D .phnFow ra - lo_ raFlwje

(n ) (ic)(inch) (inch) () iA2) (inA2) . (ftA2)

0 11.875
12'. 12.125' 14 - .875 0.156 22.50 2.50-.1LI.24 12 13.376 135 .15 650 39.00 0.7
36 12.125 14.125 2- 0.167 2.00 6.0 0.44,
48._ 12.128 14.375 2.25 0.188 , 2.0 90.00 06LI-60 -12.37 1437 2 0.167~ 24.00 114.00 ~0.79
72' :12.625 14.875 . '2.25 0.188 ~ 27.00 1A41.00 0.98

8412.75: 16.378 ~3.625 0.302. ~:43.50 184.50 - 12U ' 96 13 17 4 .33-48.00 -232.50 1.61
108 13.5 17.75 4.25 0.354 51.00 283.50 1.97'
120 14 . 17.875: 3.875 70.323 465300 :2.29"

~:132 1415 1.6 3125 0.260 350 6750 25

144 14.75 1.75 3 .5:3.0 0.02.80
16 15.25 17.5 2.25 0.188 ,'70 3.029[J- 168 16.5 16.6 0.083 12.00 442.50 3.07

18 1.2 65 1.375 0. 116 I-92 4617632
'196 15.375

Cross Sectiion MB-I

Horizontal Depth to Depth to'Water, Water ;Iucrement ZCumulative Cumulatve
-Location -Water BotomDept --Depth nlwraFow Area FlowAreaU (inch) (inch) (Inch) T (inch)- (t(iA)in2

U0 ~ ~.. 7.8

12 95 9.75 0.2 '0.021 2.25- ~ 2.28 0062
H 4 9.375 10.75 .1.375 . 0.116 165Is< 187- 01

LI36 986 10.375- '.A 0. .4' - .0-- 24. 7501

48 10 26 -2 2. 0.208 00 47 0.38
60 10.128 43.2 -316 .. 6 7.0, 22 0.64L'7 102 3.26 -337 0 6 .2816 '4.50 ' 3.5 09

4, 1037 ;14.875 - 4.5 0.-_'O375 -5.0' 1875.30
96 - 10. 1462 -4.125 0~'.344 49.50 ' ~ 236.25 16

108 '.06 , 1.5 0.5- 0.6. 900' 245.25 617
120-10.7 0.7 0.6 . .'LI

U120 --IA-2 -

UA'2



[JTable A-3. Spring Creek Co ssScin

-Cross section SP-5

U- Horizontal Depth to Depth to, Water Water ncrement uuaieCmltv
Location ~ Wer notm Dph DphFo Area n owrea Flow Area

(ic) (inch) (inch) (inch)'(t iA) (n2 (ftA2)

20 ~10LI22 14.125 :18.378 4.26 0.354 1 2.758 12.75 .0

~26 14.375. 18.378 4 0.333'- 16.00 28.75 0.20
.30 14.25 17.5 .3.25 0.271- 13.00 41.75 0.29

34- 14.2 17 2.75 0.229~1 ~11.00 -6.503

38 14.125 172 .2 .6 2 .60- 65.256 0.45

1142' 14.25 1 6.378 2.125 0.177 - 8.50 73.75 ,0.61
40 14.25: 14.875 0.625 0.052 2.076.25 0.53,
560 14.125
54 14.125 -LI 6013.875
i66122
:72 -12LA 84 -8. -

Cross Section SP4

LI H-orzizotal -Depth to Depth to 'Water Wae nretCmutie umaiv
Loain Wte otm Depth'~. Depth lowre flow Area fo Ae

((inch) finch) (inch) (Ic) (f) (2) (riua2) (fA

3'6 -10.25 13.125 2.875 ~--'0.240 863 8.63 _ 0.06'1.
40 10.25 14 :3.75 '0.313 x-;- 1~.5.00' 23.63,' 0.16L4 44 10.25 -13.75, 3.5 :-t0.292 14.00 '37.63 - 0.26.-
-48 102 435 4.125 ,0344 .15 41 .8

5210.25 :14.3625 - 7 . 6 75 741.3 05

- 68 10.25 1415b .7 .323~ 7.75 06 0.63

I60 8.5 -

LI~

Li 7



LiTable A-4. Spring Cree~k Crass Sections

Cross Secto P3.UnS-3b
Horizontal Depth to Depth to Water Water -Increment Cumulative Cumulative
Locations W:ater. ,IBottomt Depth- Depth nlow Area fowArea flow Are a

jj - ich) (Inch) (inch) (inch) it in2 (lnA2) (ftA2)

26 8
_30 :7.5 11 3 .5 0.292 14.00 14.00: 0.10

34 7.25 14.25 7 0.583 2.0 20 0.29
_i38 7.25 16.128 8.875 0.740 _62.18 14.1 0.72

48' 7.25 1 6.5. .2 0.771 ~~37.00 -141.13 09LI4 72 15.875 8.625- 0.719 8.63 14.5.0
50 7.25 1585 865 0.719 345 1425128

564 7.25 13.25 6 0.500 24.00.: 208.25 1.45
58 72 2 4.75 :0.396 190 27.25 15

162 7.125 10 2.875 0.240 116 238.75 1~'.66

!66 ~ .7.125 9 - 1.875 0.156, 9.38 248.13 1.72

712 :7.125 9 :1.875 0.1566 93 257.50 17

76 .7.125 8.5 :11.375 0.115 1.0 6.0 83
80 7.125 ~_8.625 ~1.5 0.125 600 29018

LI ~~Cross ecio SP-2.-- -j -- 7

LHoiontal :Depth to Depth to' Watel ae nrmn Cumulative Cumulative
Watner ottom' Det -Depth' -]now i!"a FlowArea; Flow Area

(inch) (inch) (inch) (inch (ft) - IA) (ln n) (ftA2)

Ii - :29-:10 - -

so0 - 19.625 22.2 2. 0.0 .562 0.04

34 - 19.625 22 275.0.198 9601.501H.38 195 25.685 6.185 0.515 24.74` 404O.28
42 19.626 2285 32 .271 13.00 653.49, -0.37

46 19.625>25 2.875 0.240- :1150 - -64.99 04

Li50, - 19625 2235 2.5 022 1.00, - 75.99 ' 0.53-
54 19.625 : 1. A.875 ! .5 7.50 , 83.49 0.58
58 19.625 ,~21.25 1.5 0.3 65089902

62 1.2. 2- -1.375 -0.1136 6.50 95.9 066

70.2- 19.625 2 . -4

72 18 6. - -. .25 -0 70

H7.70
L1 -0

Li <-



LI4
Li Table A-S. Spring Creek Cross Sections,

Cross Section SP-2.

L-HrotaWater :Waterl:J Inrmn umulative Cmulative
-Location DTW DTB Depth. Deph Aa Area 'Area
i~(Inch) (inch) ~(inch) ~(inch) (f) (inA2) (InA2) (ftA2)

20 1Li 22385 24.875 1 0.083 . .03.00 0.02
26- 23.876 25.375 1.5X 0.125' '6.00: ~ _9.00 0.06
-30 287 26 2.125 0.177 10.63 - 1.3 - 01

- 36 :23.875 25.875 2 0.167: "12.00 31.63` 0.22
42: 23.875. 26 2.125 0O.177 12.75 44.38 0.31

4824,. r,26.25 . 2.25 .188 135 7.88 0.40Li. 4 23.875. 27 3.25 0.260 18.75 76.6 0.53i
60 2.875: 24.625 0.75 0.063 - 3.75 8.80.56

64 2LI ~~68.1
:~crosisSecton sp-l L

-oiotl ae Mater Inrment Cumulative Cumulative'

Location DTW. DTB Depth D~epth' Area Ae Ae
(ic)(inch) (inch) (ich) '-(ft) ' in2 (iniA2): %t2

:38 . 18.375 6 ~
~42 18.375 19.375 I 0.6083 - 4.00 4.00 0,.03

41835- 20 1.626 0O.135 6.0 -1050.7

50 18.376 21.25 '..875 J 0.240 113824.88 .. 0.17.
5-66 18.375' 21.5 -3.1?5 0.260 7.'* 1875 43.63 u. 0.30Li62 18.375 2I5415 034 27 83 0.47

68 18.375 .22.25 3S.875 .23 3259630.64-

74 1:l8.378 21.5 3.125 0.260 1.63 107.25 0.74
78 18.375. -21.375 3 0.50 -9.00 .116.25 0.1

80 10.75

Cross section SP-lA. .

U Hrzna'Wtr-Water -Increment7 Cumulative, Cumuatv
.Location DTW - Dept -- DepthW Ara""-Ae A Ae

((inch)inc) (iinch) nh t) (A2 (i2 (ftA2)
14 4zi.25- . -

16 "2.
18 2.75; ' 23.25 O 875 0.073 2.63 2.3.02"

Li''22'. 2235 23.045i ~~"'~
30 22.7525.8755 .029 175 0" I 28.63 .0.20

36 2.375 26 365 032 2.5 5.803
4 2235 26.5 415 0.44 7 2.5 75.163 0.520U K j 2.7 ~ 26.7 " `4.37 '0.295" ' 2.8 18.5 08

48 2.35 - 26 '3.62 0.302' 21.76 96.88 0.67

'22.375' 4 .25 30.122.37 60 21.5 i6. 0 7
64:6 21.6 ..37 5

70 19.125



Table A-. Fox Creek Cross Section

Cross Secton rc-il

:iHorizontal Water Wtr nreetCmltie Cumulative
Location, DTW DTB Depth Depth -,Area, Area AreaL' - (inch) (inch) (inch) (inch) (ft) (iA) (jnA2) (ftA2)

.30- 16.6
:32: 19.375U ~ -- 34 1.2

36 19.75 20.125 0.375 0.031- '1.3 1.13 0.01

"40 19.75 :21 1.26 0.104 6.00' 6.13 0.04'

Ij44 19.75 21.5 1.75 0.146 7.00 13.13 7:.0.09
48 . 19.76 21.378 1.625 J0.135 66 019304

62 1975 20.876 125 0.094 460413.7

66 1.6 20.6 0.75 -0.063 2.25 -: 26.3 0.18
58 II1.62

Li~
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