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 Creck Drainage System in the Vici_nity 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 1s a presentatron by Intermountam 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 physrcal charactenzatlon (stream
flows, water chemistry, and bottom sediment chemrstry) 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 radlologmal analyses of water and sedlment samples
were done by Energy Laboratorles Casper Wyoming. Because dlfferent consultants d1d the two
major components :of the evaluation, Pathfinder felt it was 51mpler to present each primary
consultant’ s report segregated from the other as opposed to attemptlng to merge them

Summarrzmg the results from the studles the quantltatlve sampllng of the aquat1c organsrms did
not indicate a- pattem that would lead to the conclusion that tailings seepage” impacts on the
ground water adjacent to-the tailings has in turn led to degradatron of the stream enwronment
Generally speakmg, Spring Creek both- above and ‘below the Shirley Basin tallmgs site is
marginal as an aquatic environment. The Wyommg DEQ 1nd1ces for three upgradient sites, SP- -
1A, 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.

Whlle 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 d1m1msh the appropnateness of Alternate
Concentration Limits (ACL) for the Shirley Basin tallmgs site. We urge the NRC to proceed
without further delay to approve the ACL request.

Sincerely,

S

T. W. Hardgrov
Manager, Reclamation Operations

Enclosure
Cc:  J. Whitten, USNRC Region [V

J. Wagner, DEQ/WQD
D. L. Wichers
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L ; potentlal ground water contnbutlons related to the tailings site.

~*“This study was désigned to"providé ‘onl ntitative ‘information for the sites




=N Wyommg Department of- Envuonmental ~Qua11ty, uality"Di\f/}iSien’,ﬁWé’ter’shéjd'

L Program, Macromvertebrate Samplmg, August 1999)

E "Locatlons MB-2 MB] SP-5 SP—,!  : ‘
;—2004 Locatxons SP-2A, FC—l‘ VSP 1 SP-IA and MC—l were sampled on July 18‘ 2004
AThe samples were sent to Rhlthon 8 Assoclates “Inc.; iMissoula,’ ,M_o‘ntjc‘ma; ‘z_foxj

| ':,‘igientgﬁeqtlon and ana!ysm

: ThlS sectlon presents the results of the : q

eleven sues eva]uated for the Pathﬁnder Mmes Corporation Shirley Basin Mine.

, {Macrbiniieriebnates ;
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. 'j';Poor T}us was somewhat unexpected because SP IA is I located on }Murdock .Creek

SRRy T#rated ‘Poor SP 2A and SP-3 respectlvely Iocated adjacent to and downgradlent-from

4 the talhngs 51te . we
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50 CONCLUSIONS

o -i';‘ i_fsummer of 2004 Data ﬁom thls samphng ~d1d ‘not indic:

: "";:-flmpact of the tallmgs 51te than 1n dramages above the tailings site where - there are no -

b 1 }taﬂmgs related 1mpacts
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Int: -hthﬂndnllku Prcjoct 2004 . . to
: le date] - 7/18/3004 2713712004 21713004 711872004 7/18/3004 _1--7/18/2004 LY
: < Bitemame[ yCy8M | Wp.agw ~ [ MpagwM | wc. jiM | ergom | 1A jom |
Taxon . e . - .
S [P Nematoda --10 2 5 3 3
. |Enchytraeidae Enchytraeidas - - 1
Naididae ) Nals - ] 9 4
hidonais serpentina - 1 1 -
" JTubificidae Limnodrifus - : -29] - 16 370 13
- {Tubifex - - 40 : - 28 3 22} -
. |Evpobdellidae .. - :mobdemdae 4 -3 -2 - 1 . - - RS
- . dalla stagnails , 1 -3 4 17 S}
o [<1! iphontid Gloasiphonia . .- . . |
" [Pisididas Pialdiidas &3 10 : 313 48 14
- fbymnaeidne Fossaria 1 4 :
. jPhysidae - |Physidae 20 10 17 3 4 1
Planorbidas - 16 3 7 3
S - Copepoda -
B Ostracoda : - - -2
Crangonyctidae. Crangonyx 173 9 [, 2 10
.. |Talitridae Hyalella 127 . 4 13 -24
[Acad - Acari - 4 20 - 19 3] - 38 6
Coemgﬂanidu . Armgia - - - .- - .
5 - Enalla I - T
Oomphidu Comph!dle eulytnlur 4 1
Ophiogomp -1 - - -
Baetidae Baetis tricaud -] — 185
: Fallceon quilleri 14 79 §1 1 .
Caenidae Cacnt.l . - -
Heptageniidae Heptagenia
Leptophiebiidae - &Mﬂcb‘a
- Paraleptophlebia bicornuta i - ).
1 hyphid Tricorythodes B -29) - -382 410 14 42 3
Cepniidae Capniidae b : 4] - -1 - . :
. |Periodidae Cultus - -
= Lsgperta > - p
" - - - - 13
[Corixidae Cori:ddu-nrlv imur 8 4
- §8ialidae T | Sialis . N -
S Bnchzcemridle Brachycentrus oa:denma: - - - -3
- [Hetl dae . - -)Helicopsyche borealis 1 10 3
. Hvdrvp-ychld.e Cheumatopsyche - 2 -1 12} - 1 s
Hydropsyche - 4
Hvdrcpuhdne - Hydmgula - - -
_{Ochrotrichia i 1 3
Lepidostomatidae Lepidostoma - . p
" |Leptoceridae Nectopsyche - HE




Intermiountain Resources - Pathfinder Mine Project 2004 _

_Determinations by Rhithron Associates, Ine.

7/18/2004

7/17/3004

7/17/3004

- 7/17/2004

.. Bample date

7/18/32004

Leptaceridae - i

_Bttename|  BPaeM |- EP.IATM _SP-3 BM _ __8P-44M 8P-5 3N
. Taxon - - "
. o Nematoda - - * 17 - 7 22 7 1
Enchytraeidae - Enchytraeidae - 1 .
Naldidae . Nats - - - 2 25 8 101
] . - |Ophidonals serpen -
Tublficidae . ~ - |Limnodrilus -- - 40 - 52 42 42 37
) . - - |Tublfex
Erpobdellidae Erpobdellidae 1
] Helobdella : : : 1
oo .- - . -+~ . |Helobdella stagnalis 3] - 1 2 .
“+[GQlossiphoniidae - Glossiphonia - HE - N
- |Pisidildae - -:: .- |Pisldiidae 16 [] 32 ) 4
- |Lymnaeidae Fossarila - 24 . ’
. -|Physidae . - |Physidae - 16 13 - 491 - 1
"-: |Planorbidae - [Gyraulus 8- 2 30] - :
Copepoda - -
. . 3 - -~ |Ostracoda -
. [Crangonyctidae - - - | Crangonyx - -8 3 - - 3 - p ~
-~ |Talitridae ~|Hyalella 4 2] 3 ] .
- JAcari .- . JAcarl --11 s 12 - 13 -1 7l -
Coenagrionidae + ~-lArgla -~ .- - S : e 1’
-, [Gomphidae - - Gomphidae - early instar 1 - - 1 8
) - - Ophiogomphus L A -1 -1 B 1
" [Baetidae - _ | Baetls tricaudatus I , . e "
N Fallceon quillerl 19 61 <61 30 - 10
[Caenlidae - . Caenis - : - -
.- [Heptageniidae - Heptagenia -
_{Leptophlebiidae . Paraleptophlebia -
N RE Paraleptophlebla bicomuta - o : - - P— A
Leptohyphidae - Tricorythodes - - 82 173{ - - = 331 188)- - -- - 461
. |Capniidae Capniidae - I - M I
‘fPerlodidae Cultus - - < 1 -
Isoperia_- - e 1
R oo oo o 1Skwala : .
~|Corixidae -~ Corixidae - early instar -1 " .
. |Slalidae o o |Sialls o o c - 1 I
- |Brachycentridae : - | Brachycentrus occidentalis al - B T 4 - 6l 4
- |Helicopsychidae Hellcopsyche borealis R T 1 11 29 3l
~ |HBydropsychidae Ch topsyche 23] - - 14 -9 - 44 -4
Hydropsyche X 6 59 — 7 3
Hydroptilidae Hydroptila - - - - —— - " 1 - 1
. < Ochrotrichia e -
Lepidostomatidae Lepidostoma - - — T3 "
Nectopsyche
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: Intermountain Resources - Pathfinder Mine Project 2004 ) ) - - : S . ‘ . .
; . Doterminations by Rhithron Assoclates, Ino. RO A e . - s . - .
— . . .. . e, -8ample date] 7/18/2004 - 1/!77;004 T 2 - .771372004 7/1!‘2004 1[1:?2&53'0_3
. ) ___ Site mame| - ¥C.18M B-13M MB-2 1M ~MC-1 1IM | - 8P.d$ .BP- M
- . Taxon . . - T — ” — - -
" 1Oecetis N 6
1 liidas On : - = X
— . IDryopidas - Heliohus - ‘ 1
Dytiscidas abus . 1
Dytiscidae - early instar larva 2 3 3
: Neb: rus - 1 .
. [Elmidae Cle; 1 - E
- - Dubiraphia . -4 -3 .
) . | Miorooylloepus - - ‘. s — i
Optioservus 45 47 44 2 115 44
- : Zdaitrevia : -6 -2 -
".. [Hatlplidae Haliptus -
 |Hydrophitidae Helophorus o
- : . Hydroblus - -
- Hydrophilidae - larva - 1 - 2
: : T Diptsra~ pupa 23 36
Ceratopogonidas Ceratopogoninas 11 -1 1 ‘.5 19
. “[Muscidas - - - [Muscidae - 4
- +- [Paychodidae - Perlcoma I i
' Bimullidas_ Simultium 32 -9 4 4
... |Stratiomyidae Nemoteh N T
- [Tabanidae Chrysops - - 1
ipulidae - { Dicranota - -3f - 16] . - 14
s " Cm 1d ’ fl‘:‘ - : — : 1 18
nomidas : : "
= Wﬁa'ongguém 1 - !
- |Corynioneura : - .
Crizotopus [Cricotopiia) 3
= Criooto, ladius) : 1
-]Cr opus bicinctus - - 1
Cr pus trifascla 1 -
Cryptochironomus 1
Dicrotendipes » E - 1
Eukicffericlla Brehmi Gr. "
b Pukiefferiella Brevicalcar Or. = 3
Jukiefforiella Devonica Gr. . "
tukiefferiella Pseudomontana Qr. o ~ )
- - | Micropsectra - 1 1 144 ~ 2] :
~|Orthocladius 3 A 5 )
- Orthodadius rivicola } g
Parametriocnemus - .
Folypedifum_ 3 1
Bt
i z
et . .
. i -




. lntqmounulﬁ Rescurces - Pathfinder Mine Project 2004

Determinations by Rhithron Associates,Ino, . ©~ o L - IR e
. Toos s ] i Sample date| 7/18/2004 - 7/18/2004
" 8ite name BP-3 6M

BP-2A T™

‘7/17/3004 -

7/17/2004

7/17/2004

8P-3 8M

- 8P4 4M

8P-8 3M

Taxon -

Oecetis

Limnephilidae

Onocosmoecus

Dryopldae

Helichus

Dytiscidae

Agabus :

Dytiscidae - early instar larva
Nebrioporus . .

Elmidae

Cleptelmis

Dubiraphia

" | Microcylloepus

Optioservus

SRIE Y] R

140

135

- 33

Zaltzevia

Haliplidae

Haliplus

o1l

Helophorus

Hydrophilidae

Hydrobius

Hydrophilidae - larva

Diptera - pupa

Ceratopogonidae

Ceratopogoninae

* [Muscidae

Muscidae -

Psychodidae

‘[Simuliidae

Pericoma

64

" |Stratiomyldae

Nemotelus

Tabanidae

Chrysops

- | Dicranota

Tipulidae

Hexatoma

Tipula

- |Alotanypus

Chironomidae -

Cladotanytarsus

Corynoneura

[

Cricotopus (Cricotopus)

Cricotopus (Isocladius)

Cricotopus bicinctus

Cricotopus trifascia .

Cryptochironomus

Dicrotendipes

‘

Eukiefferiella Brehmi Gr.

Eukiefferiella Brevicalcar Gr.

Eukiefferiella Devonica Gr,

Eukiefferiella Pseudomontana QGr.

Micropsectra

Orthocladius

rivicola

Orthodadi

us

FPolypeditum




-~ Intermountaln Resources - Pathfinder Mine Project 2004

. Detorminations by Rhithron Assoolates, Ins. . LT el T e JAEEEE SR S S e
: . S -« .- - - Bampledate] 7/18/2004 | 7/17/2004 - 7/17/3004 - 1‘1!‘2064 7/18/2004
- ~__Site name FC-1 8M - B2 1M : .1 9% BP-1A 10M
Taxon . - . - . .
: - |Psectrocladius : : : ; 4 Y]
i . |Rheotanytarsus - - -} 1]
: - " " —— s 1 B
i {Thienemannimyia Gr. : 2 R
"+ |Tvetenis Bavarica Gr, :
a vitracles : A N :
Total] . .. ¢08 [4F) 47 .11 LEL
. B .

{
i
i
|
|
i
i
1
i
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Intérmouataln Resources - Pathflnder Mine Profect 2004

i "~ Determinations by Rhithron Associates, Inc.

. Bample date

Site name

7/18‘/2004

: ;/18/2004

7/17/2004 7]17/2004

T/17/2004

. - 8P-2 6

8P-3 §M

8P-4 4M

Taxon

T BP-2A T

8P-8 3™

Psectrocladius

- | Radotanypus

-{Rheotanytarsus

Tanytarsus

Thienemannielia

.- Thienemannimyla Or.

‘Tvetenia Bavarica Or.

€ 80] s

e {00] s

.| Tvetenia vitracles -

—Toht

T

B3R

613




[

uﬂmbe AKD INDICES

eI ‘

A7

- me 10 date| 7/18/2004 _ T/17/2004 11772004 - 7/18/2004
. : ) o N . —"“E{TB - MB-12M - MB-2IM ){C:ILTIH'_
. Sampletype T - T 0l - 0 - 0
SUBSAMPLETO’I‘ALORGANISMS 608] - 69. .- 678} 1180
Portion of sample used 13.33% 7.50% 16.67% 5.00%
Estimated number in total u.mple 4560 9240 . 4068 - 23000
- [Conversion factor : 10.087¢ - 17.93333333 -8.07 26.9] - 23.05714286
* |Estimated number in ] square meter - 6133 12428 -5471 30935] -
. JEPT abundance 491 o 511 514 14
" {Texa tichness 27] - 35 42 33 _
Number EPT taxa RN 10 14 | B
Percent EPT - 8.06% 73.74% 75.81% 1.22%
- [TAXONOMIC COMPOSITION - PERCENT N - B - -
“IGROUP - . . ] . . N RS
Non-insect taxa 74,18% 13.85% 12.09%] - .- 83,13%] -
© |Odonata . - 0.00% 0.72 -0.15% - - 0.43%
" |[Ephemeroptera 7.57%] - 66.52%] - 69.03% - 1,.22%
."|Plecoptera - 0.00% 1.01% 2.21%] - - 0.00%
.~ [Heteroptera 1,32% - 0,29%] - -.0.89%] - - > 0.00%
Megaloptera 0.00% 0.00%| - 0.00% . 0.00%
- - {Trichoptera - 0.49% 6.20% 4.57% 0.00%
_--"|Lepldoptera 0.00% - 0.00%] - 0.00% 0.00%] -
" |Coleoptera - 8.06% ;. 8.51% 7.52%) . - - - 0.70%
" |Diptera 7.24% - 2.02% 3.10% ‘.- -0,96%
‘{Chironomidae - - : 1,15% - 0.87% - 0.74% 13.87%) :
TAXOXOMIC COMPOSITION - ABUNDANCE - L - - - -
. "|GROUP : R :
‘|Non-insect taxa 451 96 - 82 : 956
Odonata -0 k] e | - 5
_|Ephemeroptera 46 . 461) - 468 14
-|Plecoptera 0 -7 - .« 15 B
Heteroptera ] 2 4 -0
. [Megaloptera ) - 0] . 0 -0
§Trichoptera - 3] 43} - -31) - 0].
- [Lepidoptera . - 0 - 0 .-0 - 0f -
Coleoptera . 49| - 89 51f - - 8] .
. | Diptera 44 14 21 - 11
" [Chironomidae - 7 -6 -5 156
" |TAXOROMIC COMPOSI‘HON-OTAXA |- - .
" [qrOUP B - - 1
- |Non-insect taxa - 10} - 10 13 - 14 9
: [Odonata 0 2] 1 - of. ol
‘|Ephemeroptera 3 - 2] -. 5] - -1 - 3]
Plecoptera 0] - -3 3 -0 - ) T 0] -
‘{Heteroptera 1 -1 I [ 0| T 0
-IMegaloptera - 0] - ) ol - 0l - 0] " 0',
" [Trichoptera 2y - - 5[ 6 -0 -3 -0
Lepidoptera -0 0 0 - 0] - .0l - 0|
Coleoptera 4 .4 -5 > 5 3 3
Diptera 3 I 3 -4 3 6l
Chironomldae 4 ~ 5 5 7 HE r3

o] N T S K| SRR




. METRICS AND INDICES

FITT75003

171772004

FITT

JELTE LT

 TEETFIES
— T

Bample date
X j te name . 5P.2 6 BP-2A B5P.3 EM 8P4 4M
- 1Sample type - - ) - 0 - 0] 0
- |SUBSAMPLE TOTAL ORGANISMS 849 621 1185 595 613
Portion of sample used 5.00% - 5.83% 10.00%] - 8.33% 5.00%
Estimated number in total lample - 16980] - - ::::-10646 11850 7140 12260
Conversion factor - 26.9] - . 23.05714286 13.45 16.14 - 26.9
. " |Estimated number in 1 lquare meter 22838 - 14318 15938 9603 16490
-.{EPT abundance - - - -- - - 129 .. 264 475 307 - 486] °
. -|Taxa richness e = 31 32 -37 28 27
- - {Number EPT taxa N 8 12 . 6 8 8
. .‘|Percent EPT 15.19% 42.51% -~ 40.08% - 51.60%) - - 79.28%
" ]TAXONOMIC COMPOSITION - PERCENT ) B —— -
GROUP T At " - - - - - -
-[Non-insect taxa ' 14.84% - . 20.13% -17.05% 9.75% 9.79%
Odonata - - 0.24% - 0,00% 0.84% 0.17% 147%
"|Ephemeroptera - 11,90% 37.68% ~33.08% - 36.64% 76.84%
-[Plecoptera 0.00%]-. - 0,16% 0.00% - 0.00% - - 0.16%
“[Heteroptera ‘0,00% - - 0,00% -0.08%] - - - - 0.00% - 0.00%
Megaloptera -0.00%] - .- -- 0.00% -0.08% - - 0.00% - 0.00%
Trichoptera -3.30% - - 4.67% - 7.00% - --14.96%] - - 2.28%
Lepidoptera © 0.00%] - .. - - 0.00% 0.00% - - 0,00%] - - 0.00%
.- |Coleoptera o 34,51%) - - - 24.64% - 31.90% - 24.54% 5.38%
- :|Diptera - 32.86% < - - 11,76% - 6.41% 12.27% -0.98%
- -|Chironomidae - 2,36% - 0.97% - 3.54% - 1.68% - 3.10%
. |TAXONOMIC conrosrrxou ABUNDANCE [T T - -
‘IGROUP - = R B B R . i
Non-insect taxa - - 126 125 202 58 - 60
Odonata 2 R -0 10] - - -1 9
‘[Ephemeroptera - - - 101 ...234 — . a92): 218] - 271
Plecoptera : - - .0 1 ) - 0 1
Heteroptera - . - - 0 - - ) - 0 -0 0
- :|Megaloptera 0f - - .- 0 4 - 0] - 0
" |Trichoptera 28 29 - E .89 14
Lepidoptera [4) - 0Of. 0] - -0 0
Coleoptera 293 ~153 378 > -146 33
Diptera o 279 -73 ~-76 - 73 [
. [Chironomidae - - 20 [ 42 - 10 -19] -
" |JTAXONOMIC COMPOSITION-'TAXA - B = :
-[arOUP ] N . - E
Non-insect taxa 11 - - 10 - 10 6] - 6
Odonata - 2] - Of - - 2] 1 ] B
" |[Ephemeroptera -2 - - 2 2] -2 ]
.|Plecoptera -0 1 - 0 0] - o 1]
Heteroptera . - - 0 - 0 - -~ 0f - ) B
.[Megaloptera - ) = 0 - 0 ol =
Trichoptera - 3f.. 9 - 4 6 3
Lepidoptera - 0] : - Q ) -0l B 0
Coleoptera -1 - -3 - 3 To2] — 1l
Diptera . 4 - 4] - 4 -4 21 -
Chironomidae ] - 3l ] ] )




!

. - } Sampls date] - 7/18/2004 |- 7/17/32004 771772004 7/18/4004 7/18/3004 7/18/2004
B : Bite name FC-18M -1 2M - MB-2 1M MC.1 IIM SP.1 O™ BP-1A TOM

TAXONOMIC RATIOS ] ) T o ] ;
EPT/Chironomidae 7.00 . 85.17] : 102.80 - 0,09 - 5.23} - 5.88
Bnedd?e/Ephemeroptera 0.37 - 0.17) 0.11] - -~ 0,00 0.30 0.98
Hydropsychidae/Trichoptera 0.67 0.47 0.52 #DIV/01- 0,20 4DIV/O1
FUNCTIONAYL COMPOSITION - PERCENT BE . ) " -
QROUP - : : - L - : ) : .
Predator - 3.13% .03% 5.46%] - 1.48% 7.32% - 4.88%

- {Parasite 0.00% 44% 0.29% - .0.43% 2 0.54% 1.05%
‘[Gatherer 54.77% 73.88% 74.34% 47,22% 38.21% 47.91%] -
Fllterer 5.76% - 4.33% 3.10% 0.52%1 - 0.18% - 0.00%

" [Herbivore - 0.16% - 0,00% - 0.15% 0.17% - 0.18% 0.00%

. {Plercer 0.00% -0.00% 0.00% 0.00% - 0.00% 0.00%
. [Secraper 13.32% 11.11%1 - 12.24% - 6.00% 21,79% 7.84%

Shredder 0.33% - 0.58% 0.29% 0.09% 0.00%] -- - 0.17%
Omnivore 0.33% 1.15%] - 0.74%] - - 0.09% - 0.54%] - 3.14%

. [Unknown - - : T - 22.20% 0.29% 0.88% . 11.65% - - 8.39% 6.62%

. |[FUNCTIONAL COMPOSITION « ABUNDANCE : : - . e s
GROUP - - - . L L
Predator -19 21 - 37 - -17 - 41 28
Parasite 0 - 10 -2 ) a []

- [Gatherer 333 512 504 543 214 275]
Filterer 35 30 21 .6 Y 3]
Herblivore -1 0 1 - 2 B o}
Piercer 0 0 0] - - - -0 - 0 - 0
Scraper 81 77 - 83 - -69 122 45
Shredder 2 4 - -2 R | ) .
Omnivore 2 8 5 B - 3l - 1¢
Unknown - - e 135 - 2 6| 1341 - 47 38
FUNCTIONAL COMPOSITION - ¢ TAXA - - . .
QROUP - - - .
Predator - . -5 11 9 7 -

" [Parasite -0 -1 1 P . -
Gatherer 10 9 12 12] - 1 12] -
Filterer K 4 - 4 -2] . - ol
Herbivore - : 0 1 1] - - 0
Piercer -0 1] 0 ) 0] ol

" ‘fScraper 3 -8| - 6 -3 x - 3 2

-|Shredder 1 1 -2 1l - 0 1l -
Omnivore -2 -3 -3 - 1 ~ 2 1l
Unknown 21 - 1 2 —al- R 1

.. [FUNCTIONAL RATIOS — |- ) - ——————
Scraper/Fiiterer 2.31 - 2.57 - -3.95 "11.50 122,00 #DIV/01
Scraper/Scraper + Filterer 0.70 . - 0.72 0.80 0.92 0.99 . 1.00




L

' METRICS AND INDICEB =5 - B L LTy S Lo . .
- S Sample date| - 7/18/2004 7/18/2004 - T]1773004 7/17/2004 7/17/3004
L Site name[ — BP-7 68 SPARTH EP-3 EM (1 ZX ~8P8 3N
TAXONOMIC RATIOS - C .
EPT/Chironomidae . 6. 45 - - 44,00 -11.31 - 30,70 25.58
"IBastidae/Ephemeroptera 0.19 = - 0,26 0.16 0.14 0.02
. _ydropsych!dae/mchoptera . : 0.96] - - 0.69 0.82 - 0.57 0.50] -
FURCTIONAL COHPOB!TION PERCENT : - . ;
QROUP o L o : :
- |Predator 2.47% - 1.45% 2.11% 85% 2.61%
. [Parasite 2.00% ----1.13% 1.86% - 1,18% 0.16%)] -
‘[Qatherer - 17.67%f - .- 48.63% 42.36% 40.84%]| . 81.89%] -
_ |Filterer -34,28%] - - 13.85% 11.48% "~ 19.50% 1.47%
- |Herbivore -0.12% - 0.32% 0.00% - 0.17% 0.16%
|Plercer 0.00% - 0.00% 0.00% 0.00% 0.00%
-[Scraper 37.34% .-25.12% 37.55% 27.56% 5.87%
Shredder - 0.35% - = 0,16% 0.00% 0.50% - 0.82%] 7
‘[Omnivore 0.47% - 0.81% - 0.76% 1,34% 0.98%
*[Unknown 0.59% --. 0.00% . 0.34% 0.00% 0.00%4§ ..
. [FUKCTIONAL COMPOSITION ABUNDANCE -
- - |GROUP - R - - -
- [Predator - 21 --9 25| - 11 - 1€
- [Parasite - 17 7 - 22 .7 .
‘[Qatherer - 150 302 502 243 _502] -
Filterer -291 86 136 --116 -9
Herbivore 1 2 -0 .1 1
_ |Plercer [ -0 1] -0 - 0] :
Scraper - S - s - 317 —-- - 166 . 445]° 164 - 36] .
. :[Shredder s -3 1 ) IR 0] - 5] -
Omnivore 4 . 5 9] - -8 6} .
.~ [Unknown S 5] 0 -4 3] 0} .
- IFUNCTIONAL COHPOBITION - l TAXA B
" "|[GROUP - . , | - ” 1
Predator 7 - [ - -6 - - & 5] -
Parasite -1 1 BER R ] il :
‘|Qatherer 11] - 11 141 - - .10 11] -
.- [Filterer 3! - -3 E - .4 3
‘[Herbivore -1 - - 2 .0l - ~ s 1 "1
[Piercer -0 -0 -0 - 0 ;0] -
Seraper 3l - - - 4 6] 2 3]
- -|Shredder 1 Y ol . B} 1
Omnivore .2 - 3 - 3] - 2 2]
Unknown - ~ 2 + =0 -3 -0 )
FUNCTIONAL RA‘HOS - - - : . 1.
Scraper/Filterer 1.09 -1.81 -3.27 1.41 4.00
Scraper/Scraper + Pﬂterer 0.52 -0.64 0.77 0.59

0.30] -
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- METRICS AND INDICES ~ LT . A - RREE . K )
" N T . Bample date] - 7/18/2004 7/17/4004 | - 7/17/2004 7618[2004 7‘18‘2064 7/18/2004
1 - S — " Bite name FC-18M MB.T 2N MB.2 TM M . 1A
- [COMMUNITY TOLERANCES - ; - 3 — -
"f3ediment tolerant taxa - 3] - 6 . 3 3 3
" [Percent sediment tolerant 7.57% . - 56.42% 64.45% 4.43% - 7.86% 6.10%
ISediment sensitive taxa . 0f - 0 - - 0 K ) 0 0
Percent sediment sensitive . : 0.00% 0.00%] - 0.00% - 0.00% 0.00% 0.00%
Metals tolerance index (McOulre) - - - 3.67 4,06 3.94 2.67 - 4,28 4.66
Cold stenotherm taxa - ) 0 T 0 0 - ) %
-|Percent cold stenotherms 0.00% 0.00% .0.00% 0.00% 0.00% 0.00%
Hemoglobin bearer richness 2 . - 3 ] 4 4 B -21
Percent hemoglobin bearers 9.21% 4.76% 3.39% 37.83% 29 11% 32.06%}
" [Alr-breather richness ] -3 -2 -4 2 .- 4] -
= JPercent air-breathers 0.66%] - 0.87% - 2.51% - 0.35% 071% 6.45%]
Burrower richness - - -4 - - 4 - 3 - 4 s -6 [
Percent burrowers 9.05%] - - 1.01% 0.44% -3.04% - — 11.43% 8.01%
< [Swimmer richness - 2 - - -2 2] - 2 . s - 0
" - [Percent swimmers - - - 1,48% —0.58% 0.74%] 0.26% -~ 0.00%] ~ 0.00%] -
" |TOLERANCE/CONDITION INDICES e . . ~ NI
o : |[Community Tolerance Quotient (CTQa) 96.80 84,07 - - 81 88 101, 30 94,35 ... 91.11]
- -'{Hilsenhoff Biotic Index 6.95 5.95 - 6.08 - 4.87 - 4,47] - . 4.11]1°
DIVERSITY_- ; —
"+ [Shannon H (loge) 3.18 2.56 2.46 4% ~ - 3.66 -~ 2.77]

- {Shannon H (log2) 2.21] -~ 1.78 1.71 1.71 2.54 1.92] -
- {Margalef D - 4.05 -5.35 6.28 4.54 4.68 3.77]
Simpson D 0.15] 0.33 - 0,38 0.21 0.12 - 0.20
-{Evenness 0.08 0.05 0.04 - 0.05 0.08 0.08] -

VOLTINISM « ABUNDANCE - R PR N
Multivoltine - 29 115 78 ,191 - .74 229
Univoltine - 526 - - 510 543 950 - 365 :
Semivoltine - 491 65 55 - B 120] - 48] . -
~» [VOLTINISM » ¢ TAXA - - - PR . —
Multivoltine - - - 8 8 - -9 - 11 -10] - )
Univoltine 14 - .20 - 25 - 16 5 15] - 14
" [Semivoltine 4 - T 7 5)-.-. - -4 2]
-|[VOLTINISM - PERCENT : I TR DS L
Multivoltine . 4.77% -16.59%)-- - - . 11.50% 16.61%] - - - -..-13.21% 39.90%
Univoltine -86.51%| - - 73.59%f. - - -- 80.09%| - -82.61%] - - 65.18% 51.74%] .
‘[Semlvoltine 8.06%] - 9.38%) - - 8.11%][- - - 0.70% —21.43% . 8.36%] -
TAXACKARACTERS lTAXA ) B N E— - -
Tolerant - 9 13 - - .13 —.8 13 7 ;
. Sensitive 0 0] 0 0 0 )
Clinger '8 14 171- 8 6l 2
.. {TAXA CHARACTERS » PERCENT - R . - Sy o e S . — o
 {Tolerant ~8.06% 5.36% 81i% = 0.70% — 21,43% T 8.36%]
Sensitive 0.00% 0.00% 0.00% 0.00% -~ 0.00%] - 0.00%
Clinger 14.47% -19.19% -16.81% -~ - 13.74% -28.57% 9.58%
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METRICS AND INDICES -~ "~

“5a4s] |

] ‘Bample date| 7/18/2004 | -7/18/2004 _7/17/4004 T[17/4004 711772004
] CC ot - Bite name -4 O BP-3ATH 8P.3 BM 8P4 4N 8P.5 3M
JCOMMUNITY TOLERANCES K - S - S )
{Sediment tolerant taxa s -4 . 4 - 5 - -3 2
|Percent sediment tolerant -11.90% 28.66% . 30.80% 32.94% 75.37%
“{Sediment sensitive taxa -0 -0 ! [} 0 0
. fPercent sediment sensitive 0.00% -0.00% - 0.00% 0.00% 0.00%
- [Metals tolerance index (McQuire) 4,71] - 4.43 - 4,37 4,39 4.06
- |Cold stenotherm taxa -0 o1 of 0 0
- |Percent cold stenotherms - - 0,00% 0.16% - 0.00% 0.00% 0.00%
" |Hemoglobin bearer richness 3 ] 2 -3 1 1]
““IPercent hemoglobin bearers 5.77%] - -~ 8.70% 6.41% 7.06% - 6.04%
. |Air-breather richness R | L2 - ‘2 - 2] - -0
- JPercent air-breathers 1.18% : 0.48% 0.17% - 1.34% .- -0.00%]
- |Burrower richness . 5] - Lo 4 6 R . 4

Percent burrowers 1.06% - 4.99% 1.60% 0.6794 - 3.75%

Swimmer richness -0 . 0 - - - - 0 L -0

Percent swimmers 0.00% OOO% 0.08% -0 00% - - ~0.00%

TOLERANCE /CONDITION leCEs - - - ~ N -

 |Community Tolerance Quotient [C'I‘Qa) 102.10 85 93] - 97.29 86 91
- . |Hilsenhoff Blotic Index - 5.14 - 517 5.46 - . 5.36 -6. 24
- |DIVERSITY - - -

Shannon H (loge) - 2.5 -3.07 3.12 - 2.85 - 52
“|Shannon H (log2) - 1,74 - 2.13 2.17 1.98 1.05
' IMargalef D 4.59 - 4.82 5.08 - 4.22 4.20
: ISimpson D .. 0.23 0.16 Q.18 0.1 - 0.57) -
.- |Evenness -0.05 0.07 - 0,06 -0.07 0.04
: [VOLTINISM . A.BUNDANCE ) . - - -

i [Multivoltine * 68 - 88 .. 138 a9 . . T 38
" |Univoltine 485 377 - 664 - 393[ - - 529

Semivoltine 295 < -166 - 383 15 46
- [VOLTIRISM - # TAXA - - - e m e

Multivoltine --13 8 11 Y ) 13} .
. Univoltine 18 20 - 191 - 13 -11]
- |Semivoitine . 8 - - 4 -7 4 I

VOLTINISM -~ PERCENT - PP I A _ R —
- _{Multvoltine - - - 8.01%) - - 14.17% - - 11.65% -8.24% 6.20%

- {Univoltine 57.13% 60.71% - 56.03%] - 66.05% 86.30%
", ... |Semivoltine 34.75%]| - 25.12% -32.32%| 25.71% 7.50%

.. |TAXA CHARACTERS - OTAXA - N B I -1 .

. [Tolerant 10 - 12) - <15)-- - 6] - T8
" |Sensitive 0 ) ) B ol ™0

- |Clinger --10 <12 - 12 12 11

T ]TAXA CHARACTERS PERCENT B . N B L en. ) -

Tolerant 34.75% 25.12%] - - 32.32% 25.71% - 7.50%

Sensitive - 0.00% 0.00%] - 0.00% 0.00% 0.00%
¢ [Clinger 71.14% 41.55%]. - 46.08% 50.59% 10.44%
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Black Hills :

Very poor

. Sample dato] 771573004 | 7/11]2004 7/17/2004 F18]2009 1812004 71872004 ]

. - [ - 8lte name ¥C-1 8M — MB-12M — NB-2 TH - MC-1 TIM 8P-1 9™ SP-1A 10N
|BIOASSESSMENT INDICES N R - - I

B-IBI (Karr et al. ) - VALUE L - ~ . ‘
. [Taxa richness 271 - - - 35 — - - - 42 3 304 - 25
E richness -3 -2 - -5 4 ]
‘1P richness : 0 3]. -3 0 0 0

+ T richness : - - 2 [ 6 0 3 0

* {Long-lved - - 4] 7 7 5 4 2} -
- [Sensitive richness ] B -0 - - 0 0 .0 - 0

%tolerant 8.06% 9.38% 8.11% 0.70% - 21.43% 8.36%] -
.- f%predators 3.13% 3.03% 5.46% 1.48%] - 7.32% . 4.88%
- . {Clinger richness 8 14 - 17 8 6 -4] -
- J%dominance (3} 89.70% 73.30% 74 48% 71.83% -§1.79% 68.12%]
"[BBI (Karr st al. } - TOTAL SCORE - 20[ .. - - 26 30 22 -18 - 18
WYOMING DEQ INDICES - VALUE - - - - ;
Taxa richness 27 - 35 42 - - 33 .30 25
E richness : 3 ] 5 -1 -4 -2
P richness 0 3 3 - 0) - -0 [1]
T richness - 2 5 - 6 - -0 - - 3 -0
% E (no baetidl) -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 hydroplychidl) 0.16 - 3.32 - 2.21 - 0.00 - 0.71
% 5 dominants 73.68] - - 80.38) - - 79.79 - 86.52 - 66.07
% non-insects . 74.18 -13.85 12.09 83.13 - - 56,43
% scrapers 13.32] - 1,11 12,24 - 6:00 21,79
HBI 6.95 5.95 6.08 -« 4,87 C 4,47 .
CTQa - 96,80 84.07 81.88 101,30 94.35] - -

|8V richness - 4 100 - - 0] - - -0 -0
WYOMING DEQ IN‘DICES BITE RATINGS - - . R R o - -
Western High Plains falr good ' - good poor - falr - - - DooT
Northwestern Great Plains poor —  fair good Cpoor - - - - poor - - poor
Wyoming Baain_+ . - . poor - - fair* Sfair- . * . Very.poor - poor ;- | - -Verypoor »
Middle Rockles West Very poor - poor - falr Very poor - poor - very poor

. IMRC Elevation > 6500 poor - fair fair VEIy poor - . poor - poor
MRC Elevation <« 6500 -very poor poor - fair very poor - - poor very poor
Southern Rockies poor poor fair very poor ___poor. - Very poor

poor. - fair ~_good - - falr poor




METRICS AND INDICES

TITEI5553

71772004

0.16]

80.85]

, Sample date| 7/18/2004 71772004 /| 17§2004 -

t Site name SP-2 6M HP-2A THM - 8P-3 M - BP4 4N 8 .
fIBlOASBESSMENT INDICKS - o - - s - .

B-1BI (Karr ot al. ) - VALUE : +

-+ |Taxa richness * - 31 - 32 37 28 27

E richness - 2 - -2 2 2 2

P richness 0 - -1 - 0 0
[T richness : 9 4 6 -

Long-lived : L1 7 4 4

Sensitive richness -0 0 S -0 0 )

Y%tolerant : 34.75% 25.12% 32.32%| - 25.71% 7.50%
‘[%predators 2.47% 1.45% ~2.11% 1.85% 2.61%

Clinger richness - 10 12 12] - -12 11

" [edominance (3) - - 75.27% 61.03% i 63 29% . 65.04% 86.62%
‘[BIBI (Rarr et al. ) - TO‘I‘AL SCORE 16 22 - 22 22 " 22
-{WYOMING DEQ INDICES - VALUE - o - . :
[Taxa richness -3 32 - 37 28 271 .
|[E richness 2 - 2 -2} - -2 2

- |P richneas - ] 1 -0 - [{]

T richness 3 - 9 . 4 - 6] - . .. 8
1% E (no baetid-) 9.66 .27.86 27.93 31.60 i~ 76.20
1%P 0.00 0.16 -0.00 0.00 »

%T (no hydropaychida) 0.12 1.45 1.27 B 6.39 1.14]

% 5 dominants - 82.45 79.23 73.42 79.50

" }|% non-insects 4.84 20.13 -17.05 9.75 -- 9,79
|% scrapers - - - 37.34 25,12 - 37.55 27,56 5.87 -

HBI] - . --5.14 -5.17 -~ 5.46 <.+ 5,36 . ~6.24] -

ICTQa - . N . 102.10} - 85.93 97 29 86.91 - 94.45]

SVrichneu - . .0 0 - Q 0 4] -

WYOMING DEQ INDICES BITE RATINGS - . R o, PR TR -

Western High Plains - - - good good good good . good .
~ {Northwestern Grent Plainl poor fair - fair --- falr - - . poor - - -
_[Wyoming Basin .~ o T - poor:- . feir- . Yair - - . - fair o - poorT. o

. [Middle Rockies Weut -2 poor - poor - poor . - . poor .- - " poor
IMRC Elevation > 6500 poor --fair - - fair .- - --{alr . poor .

MRC Elevation < 6500 - poor - poor - POOr - - -poor--—-|- - poor -

Southern Rockies _poor _poor __poor . poor - _poor .

Black Hills poor - falr - fair - - falr - falr

A14




A15

Montana Plalns ecoreglons metrics (Bramblett and o o . . } ) .
- . Sample date] _7/18/2004 _ T[{17/2004 T/17/2004 7/18/3004 __7/18/3004 7/18/3004 ‘
B Site name ¥C-1 8M MB-1 3M MB.d IM - MC-1 1IN SP.10M 8P-TA I0M
EPT richness -5 10] - .14 1 : 7 ] ‘
Percent EPT ; 8.06% - 73.74%). - -75.81% 1.22% 12.14% 32,75% l
Percent Oligochaetes and Leeche 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% !
Pllterer richness 3 - 4] . - 4 ] ] -1 0 i
Percent intolerant 0.00% 5.48% - £.31% 32.35% 22,86% 28.40% :
Univoltine richness . 14}- . 20] - - 28 .- 16] - 15 14 i
Percent clingers 14.47% 19,19%] - - - 16.81% 13.74% 28.57% 9.58% '
Swimmer richness > 2 2 § F1E -2 0 .0
Pool - o ) ;
_|Erichness 3 2] - - [ 1 4 2 ‘
- {T richness 2 - 8] - - -6 0 3 . 0 !
" JPercent 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 S - 4 R 1 0
Univoltine richneas 14 20 - : 25 ~_-16 - 18 14
Percent supertolerant 75.00% - 8,66% - . 8.70% 50.43 28.57% - 18.47%




nonfana Plains ecérexldiu metrios (Bramblett and

" [Pool

13.00%

- Johnson 2002) -~ . - - : R RO : o :
A - - —Bample date] 7/18/2004 5 ]18]3004 7[1772004 T/17/2004 7‘17‘2004
. . ’ 8ite name -2 6 BP-2A TN - B8P3 8M . 8P4 4N
EPT richness - £ - 12 -6 - -8 8
- |Percent EPT . ) - 15,19% 42.51% - 40,08% 51.60% . 79.28%
" [Percent Oligochaetes and Leeches 5,42% 2,72% 4.39% 23% 7.67%] .
Percent 2 dominants : 65.61% 5$0.40% 57.55% 54.29% 81.24%
Filterer richness 3 - 3 . -3 4 3
- "+ JPercent intolerant 4,71% 9.34% 4.14% 8.40% 7.01%
" Junivoltine richness : 18 -~ 20 ' 19 13 1
" {Percent clingers 71.14%} - - - 41,55% - 46.08% 50.59% 10.44%
Swimmer richness S 0f - — - -@ 1 0 0
=.~JE richness 2 -2 2 -2 2
- |T richness 5 -3 g - - 4 6 . B
.[Percent EPT 15.19% 42.51% 40.08% 51,60% 79.28%
" |Percent non-insect 14.84% 17.05% - 9,75% -9.79%
7 "|Filterer richness : ;- 3 - 3 -4 3
‘|Univoltine richneas - 15 19 13 11
Percent supertolerant 9.54% .

- 3.26%
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TAXONOMIC AND FUNCTIONAL COMPOSITION -~~~ .




Taxonomic and Functional Composition

7/18/2004 7/18/2004
SP-1 9™ SP-IAIOM
Taxonomic composition - percent Taxonomic composition - percent

| I |

T s T T

0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
I Non-insect taxa & Odonata O Ephemeroptera Non-insect taxa & Odonata O Ephemeroptera |
O Plecoptera B Heteroptera O Megaloptera O Plecoptera B Heteroptera £ Megaloptera |
B Trichoptera O Lepidoptera Coleoptera E Trichoptera OLepidoptera Coleoptera !
O Diptera O Chironomidae Diptera O Chironomidae !
i
Functional composition - percent Functional composition - percent ]

O Predator OPredator |

O Parasite [ Parasite | |

O Gatherer O Gatherer

O Filterer O Filterer

Herbivore E Herbivore

O Piercer i Piercer |

E Scraper Scraper | i

O Shredder [ shredder

E Omnivore H Omnivore | |

Unknown @ Unknown | |
|
|
|

B1

0-0Z




7/18/2004

7/18/2004
SP-26M

SP-2A ™™

Taxonomic composition - percent

Taxonomic composition -

percent

| |
I |

T
L

r T

T 1

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

O Non-insect taxa B Odonata O Ephemeroptera Non-insect taxa E Odonata O Ephemeroptera

O Plecoptera H Heteroptera I Megaloptera O Plecoptera Heteroptera K Megaloptera

H Trichoptera OLepidoptera H Coleoptera H Trichoptera OLepidoptera B Coleoptera

Diptera O Chironomidae @ Diptera O Chironomidae

Functional composition - percent Functional composition - percent

E Predator O Predator
Parasite O Parasite
O Gatherer O Gatherer
DOFilterer O Filterer
B Herbivore H Herbivore
OPiercer [ Piercer
H Scraper i Scraper
O Shredder [ Shredder
B Omnivore B Omnivore
ZUnknown Unknown |-

B2

(G2




Taxonomic and Functional Composition

7/17/2004

7/17/2004
SP-3 5M

—8P-4 44

Taxonomic composition - percent

Taxonomic composition - percent

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

Non-insect taxa H Odonata O Ephemeroptera HNon-insect taxa EH Odonata D Ephemeroptera

O Plecoptera B Heteroptera [ Megaloptera O Plecoptera E Heteroptera [ Megaloptera

B Trichoptera [ Lepidoptera B Coleoptera H Trichoptera OLepidoptera H Coleoptera

Diptera O Chironomidae Diptera O Chironomidae

Functional composition - percent Functional composition - percent

O Predator E Predator
B Parasite B Parasite
O Gatherer O Gatherer
OFilterer O Filterer
H Herbivore Herbivore
O Piercer O Piercer
H Scraper B Scraper
O Shredder O Shredder
B Omnivore E Omnivore
B Unknown Unknown

B3

(04




7/17/2004
SP-5 3M

Taxonomic composition - percent

I

0% 20% 40% 60% 80%

100%

Diptera O Chironomidae

E Non-insect taxa H Odonata OEphemeroptera
O Plecoptera B Heteroptera B Megaloptera
B Trichoptera O Lepidoptera H Coleoptera

Functional composition - percent

O Predator
Parasite
O Gatherer
O Filterer

HE Herbivore
O Piercer

@ Scraper
O Shredder
B Omnivore
Unknown

B4




Taxonomic and Functional Composition

7]17/2004
MEB-1 2M

7/18/2004
FC-1 8M

Taxonomic composition - percent

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

@ Non-insect taxa T Odonata O Ephemeroptera
EPlecoptera £ Heteroptera 1 Megaloptera

[ Trichoptera T Lepidoptera & Coleoptera

I Diptera O Chironomidae

Taxonomic composition -

percent

|

0% 20% 40% 60%

80% 100%

& Non-insect taxa & Odonata

O Plecoptera I Heteroptera

E Trichoptera O Lepidoptera

O Diptera O Chironomidae

O Ephemeroptera
T Megaloptera
& Coleoptera

Functional compesition - percent

Functional composition -

percent

@ Predator Z Predator

O Parasite O Parasite d

O Gatherer O Gatherer |}

O Filterer O Filterer é

& Herbivore & Herbivore i

I Piercer T Piercer |

& Scraper & Scraper

I Shredder U Shredder

& Omnivore & Omnivore

Z Unknown O Unknown
B5 C f,/ f/



7/17/2004

7] 18/ 2004

WMB-Z 1M

MC-1 11iM

Taxonomic composition -

percent

[

||

Taxonomic composition - percent

0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
I Non-insect taxa @ Odonata O Ephemeroptera & Non-insect taxa [ Odonata O Ephemeroptera
O Plecoptera @ Heteroptera 0 Megaloptera OPlecoptera B Heteroptera £ Megaloptera
@ Trichoptera OLepidoptera Coleoptera H Trichoptera OLepidoptera H Coleoptera
O Diptera O Chironomidae @ Diptera O Chironomidae

Functional composition - percent Functional composition - percent

& Predator
O Parasite
O Gatherer
O Filterer

& Herbivore
O Piercer
Scraper
I Shredder
H Omnivore
I Unknown

£ Predator
O Paragite
O Gatherer
O Filterer

E Herbivore
T Piercer
Scraper
[ Shredder
Omnivore
O Unknown

B6

g

~
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Photograph C-1
Sample site MB-1
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graph C4
Sample site SP-5
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Photograph C-5
Sample site SP-4, looking upstream

Sample site SP-2

ograp
‘Sample site SP-3, looking downstream

Ui
PhotOgraph C-8
Sample site MC-1, looking downstream
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‘Photograph 10
Ponded water on Mine Creek d
above pipe outlet.
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Photograph C-14
Sample site FC-1, looking upstream

Sample site SP-1, looking upstream
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Photograph C-17
Sample site SP-1A




Surber sampling at Site SP-1A

| Phbtqg’raph C-19
Sediment sampling with Eckman dredge
at Site SP-1A
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1 0 Executrve Summary A S TR
| The general ﬁndmgs of the ﬁeld mvestlgatron of Sprmgy Creek Fox Creek and the reach of

- ff.-Lrttle Medlcme Bow Rlver spanmng the conﬂuence w1th Sprmg Creek are that at present, there are

- :'v_:;,no si gmﬁeant negatrve 1mpacts on the stream system resultrng from seepage from the tarlmgs Flow :

L -;;rates 1n the creeks are smaller than normal and reﬂect the effects of the ongorng drought Water"; o

w“mht)/ in Sprmg Creek ls relatlvely good and lS con51stent wrth past samplmg Wrth the exceptron" o

' f Mme Creek, sedlment samples taken from the stream bed contam relatlvely small concentratlons ‘

j‘f or actlvmes of radronuchdes consrstent wrth the natural presencevof these constttuents 'I'he elevated : - f o

f:’dlonuclrde concentratlons or actrvrtres in sedlmentstfrom Mme Creek are attnbuted to the o

. 'ffproportron of evaporatron and the very small artrﬁcrally-supported ﬂow at the mouth of Mme Creek: i S

ffi"jf?There were notlceable 1mpacts on the nparlan zone from ltvestock and wrldhfe partrcularly abover""

o 7:;7 ‘_I';and below the mme property

,‘32.0 Introductlon f{ } srE
A ﬁeld study and samplrng of ﬂow rates, water quality; sedrments and stream condmons 1n -f,{

L ;L"i‘fSprmg Creek, Fox Creek and L1ttle MedtcmerBow River was con ucted on J uly 16 and 17 of 2004

i fEleven sample srtes were selected (see Flgurc including:

S _:TI;Sprmg Creek upstream

o ":Sprmg Creek 1m n d""




- At each locatlon sedlment samples were taken for chemlcal analyses stream cross sectrons o

- were measured the ﬂow rate was measured or estrmated water samples were taken for chemrcal

i analysrs ﬁeld water quahty measurements were taken and the general stream condmon was noted o

= ';VrmPOundment The flow and the water leve' :1n-th

The sample locatrons comcrded w1th those used for anaduatrc study that was conducted

: srmultaneously

3.0 Study Limitations

V'A comparrson of stream condltrons betweenlthe MC- , srte at the mouth of Mme Creek and .
’ other sample srtes was compromrsed by the fact that Mme Creek cannot be descrlbed as a stream A

more accurate descnptlon of srte MC-] would be a boggy areav where a very small ﬂow (<1 gpm) B

from a temporary 1mpoundment along Mme Creek drscharges to-sedrments at the base of the draw

wrth addrtlonal saturatlon resultmg from a surface e

3 entlrely by fresh water mjectron mto the recharge ines a: part of the srte correctrve actron plan

(CAP) : Typlcal ﬂows from tlus srte do not exceed a few gpm and there 1s no deﬁned channe ;

" 4 0 Flow Measurement, Cross Sectlons and General Stream Condrtron

Cross sectrons were measured \ 'each sample locatior iWhere possrble a board was placed :




: measurement of ﬂow rates at each srte 1s mterpreted :

ﬂow measurements 1s from the downstream lo! ati

Fox Creek. Measurement through a ﬂume ehmmates the problems of aocurately measunng both the

cross-sectronal area of ﬂow and the average veloc1ty' ross sectron where ﬂow depth vanes

Some dlsadvantages of a temporary ﬂume mstallatron inclu e 1t can be dlfﬁcult to completely =

capture the ﬂow 1n the ﬂume wrthout excessxve drsturbance of the reach and the storage assocrated' '

wrth mcreased ﬂow depth through the ﬂume can delay stab1l1zat10n Desplte the drsadvantages of .

and the addrtlonal effort necessary to mstall ﬂumes the measurements are consrdered more rehable s 'f; ‘

Slnce 1t was necessary to acqulre the samples and measure

the aquatlc study, the stabrhzatron tlme for ea”h ﬂ' e
h the storage effects The presentatlon of )
_on ttl eMedrcme Boerver S

B iThe general stream condttron was also note

selected srtes Much of Sprrng Creek 1s open to grazmg by vestock and downstream sectrons arev - h

also subject to modrﬁcatlons by the landowner to 'facrhtate usage:and access LA

4 1 Lrttle Medlcme Bow Rlver Sxte MB 2

Two cross sectlons were measured ‘near - th sample srte w1th apprommate ”ﬂow

measurements taken_at the two lomr tlo '

s 0 over the same samplmg cycle for" o

stallatron was llmrted Therefore the"_"_‘ o




[ ! : *Fable 4-1. Flow Measurements in Spring Creek -
L e ; *Esﬁmated

R IR ; | - Measured | Effective o R IR N ;

Y j'-!!stimated, Cross-sectlonal Cross-sectional -Flt '{ Discharge | Discharge

- ool sMte.- |-:Velocity - | AreaofFlow | XKreaofFlow | Installed | Estimate | Estimate
R - sfeetlsecond? (gquare leet) - (square feet) e (cts) - -] (gpm) - -

o |MB-2Lower 8B4 27 Nome |7 286 ) 1284
MR 1] N EA “None | . 274 °. -.-1228 -

R ) 7}‘,- MB'] L . 14 . | . None , 1;2 04 .:: 916 |
R YT D " Flume ,.-]049:f_;,“ Cale
. s 181 " B"Hume 065 g 292:.. -

Mot | b = None | | 12epm |
oo e L e Fume | “oss | 261
Coas | FFume | o | 48
sl | sFume | 038 | e |
0.8 2.3'Flumes| * 060 .22 |

o *The total eross-sectronal area of ﬂow was reduced to an effecﬁve cross-secnonal area
L ’ of flow to reflect that portion where the ﬂow velocrty is srgmﬁc_ant This excludes areas
of very shallow flow and areas where the resxstance to flowis great. -

In order to dlscount areas of the channel whe the ﬂow was relatlvely'stagnant an effectlve % R

W cross-sectmnal area of ﬂow was estlmated in order to calculate dlscharge In combmatlon w1th the':; S

- estlmated current velocrty of 1 06 feet/secondu(fps) ‘the estlmated ﬂow at thxs section was 2 86 cfs o




- southem channel bank by lrvestock and w11dhfe actrvrty R s
e ’:,:4 2 Lrttle Medlcme Bow Rlver Slte MB.]

Ll - »_,"7: The ﬂow measurements and the measurement of the cross sectron for srteMB 1 were done 1n_

‘:?.:'a manner srmrlar to that for srte MB-2 The cross sectron was measured usmg a lme spanmng thelff.

| lThe channel bed at srte MB 1 was armored wrth small gravel to small cobbles and there was mrnor

e 1 11vestock damage to a sandbar on the north srde of the channel
‘- 4 3 Sprmg Creek Slte SP-S o

i thow Rlver There 1s consrderable ev1dence of hvestock activity. and drsturbance m the ; :rea and:

’ ~:there is an abandoned culvert crossmg Just downstream of th

the channel was stralghter w1th a sectron that more closely approxrmated a parabola the flow

estrmate for srte MB-2 1s consrdered more relrable than that for srte MB-2 Lower The channel bed at

o ) 51te MB-2 was armored w1th small gravel to sma]l cobbles There was s1gmﬁcant degradatlon of the

ot was narrower than that at sxte MB-2 and the current veloclty wasimore unlform across the sectron o

' Ther efore the entrre ﬂow aIea was used 1n calculatmg the estrmated ﬂow of 2 04 cfs (916 gpm) : e

Sxte SP-S on Spnng Creek 1s located Just upstrea of the conﬂuence'wrth Lrttle Medrcme i |

i (see Ph ; graph 3) i‘The cross.ifr

sted alluval




'V.g,,'._::}_;potentral for s1gn1ficant abstractron by evaporatlon

- 4 5 Sprmg Creek Slte SP-3

4.4 Sprmg Creek Slte SP—4

- Site SP-4 on Spnng Creek 1s located downstream of the end of the Sprmg Creek dxvers1on

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

;T: : grazmg (see Photograph 4) The cross sectlon tabulatlon is presented in Tab]e A-3 of Apmndlx A
and the ﬂow ln the sectlon was measured wrth a temporary 1nstallatton ofa 6-1nch ﬂume Flowwas .
A "-:""':_fmeasured at 0 49 cfs (219 gpm) Slope of the channel seMent upstream of the ﬂume was relatwelyt,;f:r' 3
: ‘ i_imlld and there was a substantxal storage in the temporary 1mp0undment created by the ﬂume (see o

o fwater depth upstream of the ﬂume resulted m a lag m ﬂow stabrhzatton and the ﬂow 1s beheved to e

1;,55 : :_fbe underestlmated Ltke srte SP-S the measurement was taken in early aﬁemoon and there was the C

“.material for the sectron was pnmanly sand to small gravel w1th some small cobble materlals

Slte SP-3 1s located wrt}un the Sprmg Creek di hannel banks are well vegetated

and had relatlvely httle' gr andcobblesr:ged particl

d vapotransplratlon The channe] bed f' -




r;'l . :

. L.

4.6 Sprmg Creek Slte SP-Z

-

: o Appendrx A and the ﬂow in the sectlon was measured ;

s f‘iﬂume Flow was measured at 0 60 cfs (27 1 gpm) 'Ihere'
s ﬁ‘ 1mpoundment created by the ﬂume but the stabrhzatlonf

R The channel bed matenal for the seCtIOIl was pnmanly sal

\upstream of the srte

B 4 7 Mme Creek Slte MC-]

| ‘:-T-Was made to measu;e the ﬂow because excavatlon to collect.
- _;}_-dramatxcally b1ased the ﬂ0w measur emem There
n (hvestock are excluded)i ‘Much

anaeroblc condrtrons

Slte SP-2 1s located upstream of the Spnng Creek drversron The channel banks are well

- vegetated and relatrvely stable and the grazmg pressure 1s less pronounced than sectlons downstream ‘
of the dxversron (see Photograph 8) The cross sectlon tabulatlon 1s presented in Tab]e A-4 of o

:""th a temporaty 1nstallat10n of a 6-1nch o

was s ‘gmﬁcant storage in the temporary,_ . o

ﬂow appeared to be nearly complete S

H

mall gravel w1th some small cobble:‘_-'f; o

e matenals There was moss growmg in the rlfﬂe and pool sectlons and the smuosxty of the channelf : ‘

| 'fi';'._- downstream of 51te SP-2 was moderate whrle the channel was re]atlvely stralght 1mmed1ately

d‘capture the:}ﬂow would Thave :

rable w11dhfe 1mpact in ~the area .

ucx of the saturated area appears to be functioning under anoxic ‘or.

_V.VS,‘,.,‘Sprmg Creek Site SP-2A
fSltefSP-ZA is Jocated upstream’ of the confluence of Spring Creek and MmefCreek but :

downstream of the confluence with Fox Creek' The‘channel banks are well vegetated and relatlvelyx-,

stable, but like »sectrons downstream of the. diversion,’the grass 1s cropped short and the grazmg‘:

pressure is s grnﬁcant (see Photograph 9 he cross section tabulatlon is presented in Table A-5 of j

. ‘AppendlxaA and:the flow in the sectlon ‘was measured with a temporaly mstallatlon of a 6-1nch .




‘flume F]ow was measured at O 58 cfs (261 gpm) The settmg of the 6-1nch ﬂume resulted in

jSlgnrﬁcant storage 1n the temporary rmpoundment but hke srte SP-2 the stabrlrzatlon of ﬂow :

: appeared to be nearly complete when the readmg was taken The channel bed materral for the

| fsectron was prrmanly sand to small gravel wrth some small cobble matenals There was very little

i . moss at the srte and the channel was relatwely strarght in the 1mmedrate reach of srte SP—2A

1?4 9 Fox Creek Slte FC-I

SR channel banks are well vegetated and relatrvely stabl_' ’ bu ik

o »utrhzed by 11vestock and the 1mpacts are apparent m some degradatron of e ovi

N - Photograph 10) The cross sectron tabulatron is pr ented in Table A—6 of Appendrx A-and thef - S

- "ﬂow in the sectlon was measured wrth a temporary nstall ron of a 3-1nch 1

o . imeasured at 0 11 cfs (48 gpm) The smuosrty of the c annel

] sgr greater than that in Spnng Creek The channel b

"fsmall cobble matenals

.' '_ 4, 10 Sprmg Creek Slte SP-l

R : Slte FC-l rs located on Fox Creek well upstream of the conﬂuence wrth Spnng Creek The‘i o

sectrons on Sprmg Creek, the area rs : ﬁ

relatlvelylargean "’ yslope -

al for the sectlon was prrmanly sand to o




'24 11 Sprmg Creek Slte SP-lA

T j‘-‘ gravel wrth only a small fractron of cobbles Unlrke t

t C C reek 1s pnmanly a spnng and ground-water fed streal

o SP-lA than 1t rs on sectlons along Sprmg Creek

Slte SP- lA is’ located upstream of the tarlmgs area ona tnbutary of Spnng Creek that has

o ﬁ_.been de51gnated Murdock Creek Channel banks are well vegetated and stable in some sectrons

B : ;but there is srgmficant degradatron by llvestock on vertlcal banks on the outsrde of meanders (see o

s :Photograph 1 1) The oross sectlon tabulatron is presented in Table A—S of Appendlx A and the flow . - o

L . if'1n the sectron was measured w1th a temporary 1nstallatron of two 3-1nch ﬂumes (see Photograph 12) o

C :"ff;Flow was measured at 0 50 cfs (226 gpm) The smuosrty atthe sectron rs greater than downstream e o

7';;.}; ':sectlons on Sprmg Creek and the channel bed materrals are generally ﬁner and range from sand to‘j'_: o -

tha smaller upland dramage area |

L 'f,__i' X Therefore the erosmn and aggradatron of channel reaches by runoff ﬂows is less pronounced at site o

i S '_;,vff4_12 General Sprmg Creek Dramag

major Sprmg Creek dramage Murdocki_ B
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_;5 0 Water and Sedlment Samphng

Water and sedrment samples were taken at each sampllng 51te The results of the water

5presented m Table 5-3

‘sample analyses are presented 1n Tables 5- 1 and 5-2 The results of the sedlment samplmg are

' Table 5-1. ]nly 2004 Surface Water Quality Sample Results

Condncuvuy CUpH

~-Fleld .- - Field -

Dlssolved N

Oxygen

Chlorlde

Nitrate &,
- Nitrite =

same |

.-~ {dmhos)
201 | 81

- 8.63

(std. urﬁlsl

{1081 |- s,
908 |11l
918

SNAUES

Sea2
8659

ceat | e
883 || 14

< (mg/l) -

—(mg/)__

o |

<1

026
i:'_ »<0.1
- <0.1

L <0.1
- <01

'”'Z<01

'ﬁ_o.a1 R S ¥ BN

<0.1

,17»30‘,: Sl
24 S
YN EE

s
:;,,-_<‘01 it
1 <01

w
e

23
154
21

s ] Selenlum

co(oagfl) g




— s_;.,'l‘able 5-3 SedimentSampleBnalyses Sl R =

' , , - Samples Taken July 2004 TR B Sa.mples Taken November2003
. -sue; Selentum | Uranium | Ra-226 “Faz28 'I'h-230 Selenlum ‘Uranium | Ra-226 | Ra-228 | Th-230

= g/ (mg/kydry) (pﬁ/Hrrl (pli/g-dry) (pcl/ﬂrz) ng/kgdry) | mg/by-dry) | GLiZgdry) | GLigdny) | Ci/gdy)

ol sear]l '041_'5; 248 | 11 0e |
'spl e ear | s | oe |
W _;'joea : ‘;5"3?64”5 SR P B
» ‘l,"'o49’f7_7 ,_413 1oaa | oz

1 ras | 20a if a0 | se
’f:f,_o,as_';-i 818  ‘4.6 | e
oass | 2 tfias | os
coa7 o |tias | es. 04
T oor | ass | ne | m
' 'jli?'o.l'g :;;.fo:éaff.' oe |04

“ozs’ | aes lior | os

12 | 12 0.8

i

14 o
i
Ao |

Joe | oe |zl
{vs | o | 12
e R R P - X0




o downstream to the upstream samplmg srtes -

- 5 1 Lrttle Medlcme Bow Rrver Site MB-2

; measurements m the Sectron 4.0, the dlscussmn of ‘water and sedrment qualrty rs presented fromthe

The water quahty at srte MB-2 was cons te 'th a combmatron of Lrttle Medrcme Bow

:f"’fﬂow and the Spnng Creek water whlch as shghtly greater TDS and uramum concentratrons

R Concentratlons of all constltuents are well below levels of 'Tconcern and there 1s no mdrcatron of

| ?-.T_measurable 1mpacts by talhngs seepage jThe»dlssolved oxygen concentratron 1s shghtly below
‘;1 saturatron and thls maybe related to the srgmf cant growth of moss m the area The water had low

' i‘;turbldlty and there was no notrceable odor

The constltuent concentratrons:l th amples for thls srte are reasonably




o ! clay partrcles orgamc matter and redox condmons
: ?'75 3 Sprmg Creek Slte SP-S
i ‘_71s srmllar to that for the two nearest upstream srtes “Th

o :Af-; tarlmgs seepage and the concentratrons are w1thm

"’ f'The water was sllghtly more turbld than thtle Me

B both sample setsis relatlvely small and the drfference may srmply reﬂect natural vanablhty intrace ‘
e constltuent concentratlons There was a dramatlcally lower uranlum concentratlon in the most
L :'- X recent sedlment sample when compared to the November 2003 sample The uramum concentratlon .
7 ; of 16 9 mg/kg-dry m the November 2003 sample 1s plausrble grven the measured range in other .- o
S samples but is consrdered generally unrepresentauve of 51te MB 1. There 1s also the potent1a1 for o

T 51gn1ﬁcant varlabllrty m uramum concentratlon 1n sedlment dependmg on gradatlon the nature of N

f The Water qualrty at srte SP-S (see Tables 5 -land5

-2) lS consrstent wrth past samplmg and :

's no mdlcatron of rneasurable 1mpacts by

ng of natural background for Spnng Creek -
W srtes MBul and MB-2 : d thls was'*




l—-—. s
et
P

e f;l;fCrGek samplmg srtes The hrgher concen tions and activities in soﬂs from the MC-

=5 7 Mme Creek Srte MC—l
. The general water quahty at srte MC-l although drfferent than that at sites along Spnng )

- : Creek 1s relatrvely good The very small ﬂow at MC—l s supported by the fresh-water 1nJectron :

| | ,components of the correct1ve actron program and the rface xpressron of the ﬂow is expected to

: drsappear shortly aﬁer m_] ectron is drscontlnued The wa :quahty at MC-l reﬂects the general

& ':Concentratlons of all constltuents are below levels f co cern, and m the case of uramum the .
The turbrdrty of the water was low and the 'f_ '

o ifconcentratron 1s lower than typrcal Sprmg Cree' ‘

o fdrssolved oxygen concentratron was saturate

The' analytrcal results for the “wo sedlmen

""constltuents but both samples reﬂect hlgh concentrations or actrvrtles of constrtuents then Sprmg -

1~31te w1thout ;
' 'attendant 1mpacts on water quahty can readrly be explained.” The sorls that were 1ncluded in the
P samples cannot really be descnbed as sedlment because the flowis not great enough to submerge the :

. f'area of the sample Wrth a small artrﬁcral‘ 1mpoundment upstreamy of the srte there 18 srgnrﬁcant

;water quahty of mj ectron water from supply wells WW20 and’ WW23 mcludlng a sulfatei S
j_eoncentratron in water from well WW20 that 1s shghtly greater that typlcal Spnng Creek wat er The e
*.x:ishghtly greater TDS concentratlon and conductlvrty at srte MC—l 1s almost entlrely a result of the’_,"_? E )

. {shghtly greater sulfate concentratlon m,; 'he mjectlon water that was used untll recently'f"f . S

»for srte MC 1 dlff '\"fifor somef}




LR "';58 SprmgCreekSlteSP-ZA BT A1 .
. Water quahty at srte SP-2A is generally consrstent wrth a combmatron of that at upstream o

s srte SP-1 and the contnbutmg ﬂOW from FOX Cre

fby a companson of TDS concentratlons w1th adjace ) The turbldlty of the water was low and”

f‘ithe drsso]ved oxygen concentratlon was approachrng saturatlon

: f;;‘the sﬂe The constltuent concentratlons m the sedlment are sumlar to those from upgradlent 51tes B
© SP-1A; sp 1 and FC-1
::-'_of seepage 1mpacts '

59 'C"feékﬁsi.te;ifc?i

A sh ghtly greater conductmty is not supported o

Slte SP—2A was added to the J uly, 2004 study, and thds there is only one sedrment sample fori R

he concentratlons and activities in the sedlment do not g1ve any mdrcatwn L "

' ater quahty 1n Spnng Creek The ‘




 — — v‘.‘-ljv"

radronuchdes Selemum concentratrons '?er

=

: ,5 11 Spnng Creek Slte SP-1A

’ supplres the majorrty of base ﬂow in Sprmg Cr‘ ek v 'T
- "'f'srte SP—l The’turbldlty of the water was low and the
. f}fﬂ'"saturated L

- shghtly smaller than that at upgradlent 51tes SP-l ‘and FC-

L E vanablhty

~ The analytlcal results for the two sedrment sam{'les for 751te SP 1 were reasonably srmllar for

if rent m the two samples The uranrum

o concentratron at thxs upgradlent srte was shghtly greate han'typlcal values for other 51tes along

o : Sprmg Creek, and thls reveals the natural varrabrhty_ in sedrment concentratrons

Slte SP-lA rs located upstream on Murdock Creek whlch is the tnbutary to Spnng Creek that

ssolved oxygen concentratron was super— ‘

'I'he analytrca] results for the sedrment ‘sample or te SP-lA were reasonably srmllar torv'v |

o o 'typlcal values for srtes along Spnng Creek The uranium concentratlon at thrs upgradrent srte was_ LA
and thrs further 1llustrates the natural o

e : ,.Lconsrstent wrth the expected accumulated ﬂow and the natural development of the stream channel

uahty was nearly 1dentlca1 to that from'i o




. ,',Vf'”,-constructed channel sectron

: : The except1ons to a natural stream sectron 1nclude srte MC-l wher the hrghly ephemeral channel o | E

“has been temporanly and artrﬁcrally converted to a mmlscule perenmal ﬂow by the fresh-water o

E _1;‘,1njectron, and srte SP-3 in the Sprlng Creek dlverswn‘where the channel was rélocated toa L

co concem The only site that had apprecrably drfferent water qualrty was srte MC—l and the sll ghtly : S

Av g’ g f'f_, hxgher sulfate and ’I'DS concentratrons are attnbu_ ble to the greater sulfate concentratrons m the :
o E'mjectlon water from well WW20 whlch supports the ﬂow at MC-] Drfferences 1n the water quahty o
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