Table 1-1. Water quality concentrations of TDS, sulfate and barium of some outfalls and downstream sampling
locations of oil and gas facilities in the Bighorn, Platte and Powder River basins.

Associated General Avg - Max- Avg - Max-
Basin Oil/Gas Facility Location Drainage or Outfall TDS TDS  Sulfate Sulfate Barium Data source
Platte (Wind) S. Casper Creek North Platte and Poison spider & Gene R. George & Assoc.
River field tributaries Oregon Trail 3,153 | 3,450 1,561 | 1,746 2005 (2002-2004 data)
Cottonwood B,
Cottonwood WY0000680, SWWRC et al. 2002
Bighorn Hamilton Dome field Creek WY0000175 4,011 7,320 1,640 | 3,270 (2002 data)
Oregon Basin oil
Bighomn field Dry Creek Maverick Springs | L . 492 ~|M. Blakesly, pers. comm
Chatterton 1,204 511
Circle Ridge 703 80
Byron Battery #2
Injection 1815
Garland Unit Battery 2,900 1,450
Battery #1 South
Outfall 4475 4,600 2,080 | 2,180
Battery #2 North
Outfall 5345 | 5,390 2,735 2,950
Battery #3-5 South
Outfall | 4530 4530 1870 1870f |
Battery #1North | 5100 | 30| |
Pitchfork 2,065 772
Steamboat Butte -
North 3,838 1,690
Steamboat Butte - o
South 1,297 532
Downstream
Powder River Fidelity facilities locations Tongue River 1,508 R. Edds, pers. comm.
Wrench Ranch 1,054
Lake de Smet 830
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Associated General Avg - Max- Avg - Max-
Basin Oil/Gas Facility Location Drainage or Outfall TDS TDS Sulfate Sulfate Barium Data source
Powder -River Anadarko facilities  Qutfall Alpha Pod #2 2,400 <10 1.71J. Cline, pers. comm.
County Line Alpha
Quitfall Pod 3,000 e 1.9
Delta/EpsionSkew | | |
Qutfall Inlet IMR 2,800 ) 3,500 ND ND 3.8
County Line Beta Pod
Outfall #1 2,708 64
Powder River water
compositions typical
of Lance CBNG
Powder River Lance operations Powder River  operations 2,500 4 1.6]D. Stephens, pers. comm.
Salt Creek at main
Powder River Salt Creek fields Salt Creek discharge area 3,995 4,580 1,132 1 1,680 RETEC 2004
Salt Creek
downstream of
Salt Creek discharges 3,876 | 4,610 1,235 1,700
Powder River
downstream of
Powder River  discharges 2,202 3,640 920 1,340
Petition Proposed effluent limits: 2,000 500 0.2
Notes:
all results in mg/l
Data reflects samples collected between 2002 and 2006.
ND = non-detect
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Water Quality and Beneficial Use, WY Produced Water Tables

Table 1-2. Wildlife species recorded in the Cottonwood Creek
area near the confluence of the Bighorn River.

B _______Mallard duck

Blue-winged teal

Canada goose

Great blue heron

Sandhill Crane

Wilson's phalarope

Spotted Sandpiper
Killdeer

Mountain Plover

Gray partridge

Chukar

Sage grouse

_ Ring-necked pheasant

Mourning dove

Northern harrier

Red-tailed hawk

Golden eagle

Ba]d cage

Prairie falcon

Merlin

American kestrel

Great horned owl

Borrowing owl

Yel!ow-billed_ c_L_l_ckoo

Belted kingfisher

‘Common nighthawk

Western kingbird

Cassin's kingbird

_ Homedlark

Black-billed magpic

Western meadowlark

Brewer's blackbird

Pine siskin

Vesper sparrow

Savannah sparrow

Grasshopper sparrow

Lark sparrow

Song sparrow
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Water Quality and Beneficial Use, WY Produced Water

Table 1-2. Wildlife species recorded in the Cottonwood Creek

area near the confluence of the Bighorn River.

_ Lark bunting

Cliff swallow

Sage thrasher

Rock wren

American robin

Mountain bluebird

Masked shrew

Western small-footed myotis

Desert cottontail

Least chipmunk

Wyoming ground squirrel

Montane vole

Long-tailed vole

Covyote

Red fox

Long-tailed weasel

Badger
Bobcat

Mountain lion

Moose

Mule deer

White-tailed deer

Pronghorn antelope

Notes:

Reproduced from SWWRC et al. 2002,

O\George - WDEQ TDS Standards\Chapter1 Tables.xls

Page 2 of 2

Tables

Table 1-2



Water Quality and Beneficial use, WY Produced Water
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Table 1-3. Wildlife species recorded in the Loch Katrine wetland

complex.

Canada goose

Branta canadensis

Redhead

lesser scaup
mallard

pintail

gadwall
American wigeon

northern shoveler

Aythya americana
A, affinis
Anas platyrhynchos

acula

slrepera
americana

. clypeata

greenwinged teal

. crecca

blue-winged teal
cinnamon teal
carcd grebe
American coot
bluck--ncn.:l-(.ed stilt
American avocet

sandhill cranc

. discors

S A

. cyanoptera

Fulica americana

Himantopus mexicanus
Recurvirostra americana

Grus canadensis

white-faced ibis

Plegadis chihi

long-billed curlew
killdeer

black tern

Wilson's phalarope

Charadrius vociferus
Chlidonias niger

Phalaropus tricolor
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Table 1-4. Birds and mammals surveyed in the South Casper Creek field

O:\George - WDEQ TDS Standards\Chapter1 Tables.xls

near Poison Spider Creek.

Mallard
Gadwall

Wigeon

Ruddy Duck

Virginia Rail

Sora

American Coot

Killdeer

Baird's Sandpiper

California Gull

Turkey Vulture

Golden Eagle

Northern Harrier

Greater Sage Grouse

Mouring Dove

Western Kingbird

Say's Phoebe

Western Flycatcher

Horned Lark

Unknown Swallow

Black-billed Magpie

House Wren

Giray Catbird

Sage Thrasher

European Starling

Wilson's Warbler

Common Yellowthroat

Brewer's Sparrow

Chipping Sparrow 1

Savannah Sparrow

Vesper Sparrow

Unknown Sparrow

Lark Bunting

Western Meadowlark

Brewer's Blacksird

Northern Oriole
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Tables

Table 1-5. Exposure parameters for each indicator receptor.
Receptor class Species IR, ¢ (L-day) IR;,.q (kg wet-day) BW (kg wet wt)
Rodent rat 0.046 EPA 1988 0.028 US EPA 1988 0.35 US EPA 1988
Ruminant-juvenile growing steer 29.5 Winchester and Morris 1956 6.24 NAS 2000 300 NAS 2000
Passarine bird mai!ara " 0.064 US EPA 1993 N .“(;.ZSI US EPA 1993 " 113 USEPA 1993
- Rumilmnl-uduil. adult steer \ T

1.13 US EPA 1993

34.8 Winchester and Morris 1956 800 NAS 2000

7.76 Winchester and Morris 1956
Noles:

[Rwater = ingestion rate of water

IRfood = ingestion rate of food
BW = body weight
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Table 1-6. Ingestion rate equations.

Equation Species Reference
IR, = 0.059(BW)™* for birds (L-day) Calder and Braun 1983
IR0 = 0.10(BW)" ™7 for laboratory mammals  (L-day) US EPA 1988
 IRgpq = 0.648(BW)" o forbirds (eday)  Nagy19%87 |
IRgyq = 0.056(BW)"*!! for laboratory mammals (kg-day) US LEPA 1988
Notes:

IRwater = ingestion rate of water
[Rfood = ingestion rate of food
BW = body weight
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Water Quality and Beneficial Use, WY Produced Water

Table 1-7. Barium toxicity study database and selected studies to derive water quality concentrations

Tables

. : Chemical Form . Route of i = i i NOAEL LOAEL
Constituent Receptor type Reference & dralnlstaved Organism Kdrinisteation Endpoints Study Duration ipkenly. (el
Barium bird Johnson et al. (1960) BaOH2 chicken (chicks) oral in diet mortality 4 weeks 208 417
Barium bird Taucins et al. (1969) Ba(’l2 and BaC'0)3 chicken oral in diet weight gain, mortality NiA 10,05
Barium mammal (rat) Borzelleca et al. (1988) BaCl2 rats gavage gm\&h. reproduction 10 days 138 198 |
Barium mammal {rat) Dietz et al, (1992) BaCl2 rals oral in water grawth, V‘l.‘]ll'l?ﬂllt“ﬂ!l. 92 days al.l 121
development, mortality
Barium mammal (rat) McCauley et al. (1985) Ba(l2 rats oral in water absorption 16 to 46 weeks NIA N/A
Barium | {rat) Perry et al. (1983) BaCl12 rats oral in water growth, hypertension 16 months 13.2 :
Barium |1|zu|1|n;|i tm-l-] 3 Schrocder m!.d.M:u.uhuncr (1975) BaCl2 . ra!s- wral i waler growth . lifetme . 025 i
Barium N ms I]II1:I.]_{I‘.1[]  Tardift et al. (1980) B BaCl2 rats “oral in water adrenal \\'ei.gln.» 90 days 45.7
MNotes:
Bolded text indicates studies selected to derive recommended water quality benchmarks for barium, sulfate and TDS.
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Table 1-9. Sulfate toxicity study database and selected studies to derive water quality concentrations.

Tables

Constituent Receptor type Reference Chemical Form Organism Route of Endpoints St s LANoL
! - _— = 1 H
P P Administered £ Administration P Duration  (mg/kg/d)  (mg/kp/d)
Sulfate hird Adams et al, (1975) (exp 1) NalS0d, MpS04 chicken (hens) oral in water water/food intake, reproduction, mortality 101.2 404.9
Sulfate bird Adams et al. (1975) (exp 2) Na2$04, MgsS04 chicken (hens) oral in water water/food intake, reproduction, mortality 3037 16192
Sulfate bird Harter and Baker (1978) NalS04, KSO4 chicken oral in diet growth 28 days N/A 288.3
Sulfarc bird Kotz and Baker (1975) KSO4 ) cljlickup oral in dict feed cfficicncy, growth rare T weeks i.1 NA
Sulfate bird Krista et al. (1961) Nal chicken oral in water epg production, intake rate 1196.0 12144
Sulfate hird Leach et al. {1960) L-methionine chicken oral in diet feed efficiency, growih rate B days N/A 819
Sulfale hird Susse und Baker (1974) L-methivnine chicken vral in diel growlh B days N/A %19
Sulfatc mammal {livestock) Digesti and Weeth (1976) Na2S04 growing cattle oral in water food water intake, weight gain 90 days 2458 NiA
Sulfate mammal (Hvestoek) Embry et al. (1959) {exp 1) Na2s04 growing cattle oral in water food/water intake, weight gain B4 days 489.2 6U8.9
Sulfate mammal (livestock) Embry etal. (1959) (exp 2) Na2sSo4 growing cattle oral in water food/water intake, weight gain 112 days 4.7 N/A
Sulfate mammal (livestock) Grout el al. (2006) (exp 1) Na2S04 growing calile oral in water waler inlake 11 days 421.9 N/A
Sulfate mammal (livestock) Grout ct al. (2006) (exp 2) Mgs04 growing cattle oral in water water intake 11 days 270.1 170.3
Sulflute mammal (livesiock) Juhnson and Patterson (2004) natural waler sources growing callle oral in water ool water intake, weight gain (feedlot) 112 days NiA 2514
mfnte mammal (livestock) Johnson and Patterson (2004) (exp 1) natural water sources growing cattle oral in water ) food water .m{c;fmgm gai;J 63 dnys. . 570.7 NiA
Sulfate mammal {livestock) Johnson and Patterson (2004) (exp 2) natural water sources growing eattle oral in water food/water intake, weight gain (open range) 112 days Jo0.4 NIA
Sulfate mammal (livestock) Loneragan et al (2001) natural or treated water sources. adult steers oral in water water intake, growth, feed efliciency 112 days NIA NIA
Sulfate mammal (livestock) Patterson ct al. (2002) natural‘well water sources adult steers oral in water food/water intake, weight gain, FEM 24 days 55.7 3800
Sulfate mammal (livestock) Patterson et al. (2003) growing cattle oral in water foodwater intake, weight gain 3 months N/A NIA
Sulfatc manumal (livestock) Patterson ct al, (2004) NalS04 adult cows oral i water atermbaks, wﬁ:ﬁhp;f;m' neprodctive 84 days 47.7 326.8
Sulfate mammal (livestock) Ward and Paticrson {2004) Na2S504 adult cows oral in water whtetintake, w?:\%:;jzm' fepiaductive 84 days 47.7 3518
Sulfate mammal (livestock) Weeth and Caps (1972) Na2504 growing cattle oral in water water intake, growth, feed efficiency 30 days 3658 NiA
Sulfute mammal {livestock) Weeth and Hunter (1971) Na2504 growing catlle wral in waler foodwater intake, weight gain 30 days 1.0 3435
Sulfate | (livestock) Zimmerman ct al. (2003) MgSO0d cattle oral in water watcr intake, behavior unknown NIA N/A
sulf mammal {raf) Brown and Gamatero (1970) Nals04 rats oral in diet feed efficiency, growth rate 28 days TR.08 NA
Sulfate mammal (rat) Cohen et al. (1958) DL-methionine rals oral in diet growth 72 days N/A 4128
Sulfale marmmal (rat) Daniel and Waisman (1969) T-methiomine Tals wral in diel growth 24 duys 172 il6
Sulfate mammal (rat) Smith (1973) q'_w_l_h_i_oqinu and CaSO4 Tats oral in diet sulfate metabolism 7 davs 16 NiA
Sulfate I (rat) Woeeth and Hunter (1971) Na2s04 rats oral in water growth unknown HfR.0 NIA
MNoles:
Bolded text indicates studies selected to derive re ded water quality benchmarks for barium, sulfate and TDS,
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Water Quality and Beneficial Use, WY Produced Water

Table 1-11. TDS toxicity study database and selected studies to derive water quality concentrations.

Tables

Chemical Form Route of NOAEL LOAEL
Constituent Receptor type Reference P Organism i % Endpoints Study Duration
P ¥p Administered H Administration po ¥ (mg/kg/d) (mg/kg/d)
TDS hird Belnave and Scotl (1986) (exp 1) chicken (hens) ol i waler Tonud intuke, reproduction NiA 374
NS bird Helnave and Yolowitz (1987) chicken [hms]_ ) oral in water ) i ___cig_gshcll quality B 5 weeks MN/A 1.2
TDS Lird Belnave et al. (1984} chicken (hens) oral in water cpg production, food/water intake 5 weeks 20,0 104.1
TDS bird Heller (1933} chicken (hens) oral epg production, growth 10 weeks 36 4568
TDS Tirdl Heller ( 1933} chicken (hens) oral in waler ey product growih 4368 NIA
DS bird Heller (1933) chicken (hens) oral in water egg production, growth NiA 456.8
s bird Kare and Biely (194%) NaCl chicken (chicks) oral in food & water feed etficiency. weight gain, mortality 2% days 0730 NA
s bird Korista et al. {ivé t.] (exp 1) MaC'l (municipal water) chicken {cl1icl_c.§}_ oral in water a I‘ogc_l_*_wfnc_r_n]rakc. grl_w»_‘th_ N 4 weeks Y88 10479
TDS bird Krista et al. (196 1) (exp 2) MNaCl (municipal water) chicken (hens) oral in water food water intake, growth 16 weeks 5988 1497.0
DS hird Krista et al. (1961} (exp 3) NaCl {municipal water) ducklings oral in water food/water intake, growth 21 days 269.2 3846
TDS Serivaer (1046) NaC'l 1-dlay old turkey uvral in water murlulity 2 weeks 116.7 3500
ns Selye (1943} Nall chicken {chicks) oral in water muortality, nephrosclerosis 20 days
TS bird Yolowitz et al. {1990} MaCl chicken {hens) oral in water cgg production, defects, food water intake 7 - 8 weeks N/A 131.2
[ - oy e - brackish water well T
- Fps mammal {livestock) Bahuman et al. (1993) Lotal TDS measured. dairy cows oral in water 1496 days 613, N. A
TDS mammal {livestock) Ballantyne (1957) - b‘i(‘l_ growing & adult cattle oral in water not reported B0 NiA
TDS mammal {livestock) Ballantyne {1957) NaS04 growing & adult cattle oral in water muortality nol reported 1692 NiA
TS marnmal {livestock) Ballantyne (1957} M, prowing & adult cattle wral in waler murtality not repurted 169.2 N/A
Tns mammal {livestock) Blosser and Soni (1956) "Dissolved solids @ 105C" dairy cows oral in water milk production 6 weeks pAN| NiA
TS mammal (livestock) Challis ct al. (1987) el wter [Nyl dairy cows oral in water milk production 515 386.1
TS - mammal (livestock) Embry cf al. (1959) NaCl growing cattle oral in water food/water intake, growth T lZdays 08 11297 |
s manumal {livestock) Frens { 1946) Matl iry cow: . 1 iE_\fa?fr 3 o mi_l_!n pmdumjo_n 9175 NIA
TDS mammal (livestock) Heller (1933) NaCl dairy cows and steers oral in water milk production, reproduction, weight gain 21 weeks 18339 NiA
TDS mammal (livestock) Jasteretal (1978)  NaCl © deirycows aral in water milk production 28 days 16 6111
CaC0O3
TDS mammal (livestock) Johnsom el al. {1959) (waler sturce from settling growing catlle wwral in waler rumen pH, microbial activity 16 weeks 023 N/A
) il
Ths mammial (livestock) Lassiter and Cook (1963) ~ NaHCO3 growing cattle (y oral in water food/water intake, digestibility 21 days N/A
TDS mammal (livestock) Patterson et al, (2003) NaCl growing cattle oralinwater  food/water intake, weight gain ~ 3memths  NA NA
TDS mammal {livestock) Ramsey (1924) NaCl cattle oral in water water intake, weight g I mo-2yrs NA
CaCl, NaSO4, NaHCO3
5 armmal {livestod i il k ' i ing catll in wa 2 day: ; 75..
TS mammal {fivestock) Ray (1989) NaCl (all added together). growing callle oral in waler lood/waler intake, efficiency of growth 112 duys 189.7 8753
DS mammal (livestock) Rabertson et al. (1996) sulfarc-dominated steers oral in water food/water intake, igestibility B days & N/A
5 3 Solomon et al. (1995) natural water sources . __q:li_p_{_cows_ o o o_nll_im water ! _q'J'LIk_pr?duclion, water intake 4 months 634
Spaitford (1941) MaCl cattle oral in water water intake, survival unknown 048
TDS mummal {livestock) Weeth (1962} MgS04 add;:;c RIS growing catlle oral in waler fuodiwater intake, growth 4 momihs 733 N/A
ThS mammal {Tivestock) Weeth and Haverlund (196 1) {exp 1) NaCl growing catlle oral in waler fuodiwater intake, growth 30 dlays 146 21366
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Table 1-11. TDS toxicity study database and selected studies to derive water quality concentrations.

‘ : Chemical Form Route of NOAEL LOAEL
Constituent Receptor type Reference i Organism Toribink " Endpoints Study Duration
Administered A ration (mg/kg/d) (mg/kg/d)

s mammal (livestock) Weeth and Haverland (1961) (exp 2) NaCl growing cattle oral in water food/water intake, growth 30 days 9128 8093
ns mammal (livestock) — Weeth and Hunter (1971) — o growing cattle ) S arowth - 30 days 725.7 MNA

| TDS mammal (livestock) Weeth et al. (1960) growing catile oral in water food water mtake, growth 30 days 1675.5 19324
DS ~ mammal {rat} Embry et al. [19_59} fexp 1} rats oral in water water intake, growth 112 days 1540.9 NA
TDS mammal {rat) Embry et al. {1959) (exp 2) rats oral in water waler intake, growth 112 days 627.2 940.7
ns mammal (rat) Embry et al. (1959) (exp 3) MypSOd rats oral in water water intake, growth 112 days N/A T90.2

Notes:

Holded text indicates studics selected to derive recommended water quality benchmarks for barum, sulfate and TDS
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