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1. PURPOSE

The purpose of this Report is to present the aquifer restora-
tion data collected in connection with (C_le Petroleum Inc.'s pilot
in-situ uranium solution mining project. A discussion of the res-
toration results is also included with this Final Restoration Report.
The data presented in this Report are intended to serve as the fac-
tual basis for assessing Ogle Petroleum's capability of restoring

the groundwater affected by an in-situ uranium leach mining operation.
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2. BACKGROUND

During the period from May 1, 1979 through September 14, 1979,
Ogle Petroleum Inc. (OPI) conducted a pilot scale (R & D) in-situ
uranium solution mining and aquifer restoration operation in
southern Fremont County, Wyoming. The location of the project site
is shown in Figure 1, and a map showing the si.e facilities and
orebody outline is presented in Figure 2. The R & D wellfield,
consisting of a line-drive type pattern, was located inside a one-
acre test area (see Figure 3).

The pilot operation was conducted under License to Explore No.
38 and Source Material License No. SUA-1336 issued by the Wyoming
Department of Environmental Quality and the U. S. Nuclear Regulatory

Commission, respectively. The major objectives of the pilot test

were to:
1. Obtain the hydrologic and chemical process data
necessary for the design of the commercial
facilities, and
r & Demonstrate to appropriate regulatory agencies

the capability of satisfactorily restoring the
groundwater quality in an aquifer affected by
the in-situ leaching of uranium.

The mining phase of the pilot test operation commenced on May
1, 1979. Sodium carbonate/bicarbonate was used as the leaching
agent, and oxygen was used as the oxidant except for a few brief
periods during which hydrogen peroxide was used as the oxidant.
Approximately 1,830 pounds of uranium (U;0g) were recovered during
the three-month period that lasted until August 1, 1979. The aver-
age flow rate and uranium head grade during the pilot test were 19.4
gallons per minute and 82 mg/l, respectively.

OGLE PETROLEUM INC.
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The restoration phase of the project took place during the
period August 1, 1976 through September 14, 1979. A reverse osmo-
sis (R. 0.) unit was used to restore the quality of the groundwater
affected by the solution mining operation. During the 36-day
restoration period, the circulation of approximately eight aquifer
pore volumes through the R. 0. unit and the wellfield reduced the
concentration of all chemical species tested to less than baseline
values or drianking water standards with the exception of total
carbonate which does not have a drinking water standard. Approxi-
mately 150 additicnal pounds of uranium were recovered during the
restoration phase bringing the total uranium recovery for the pro-

ject to 1,980 pounds U;04.
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3. BASELINE WATER QUALITY

The backgr;und water quality in the aquifer to be affected by
OP1's in-situ mining operation is unsuitable for any use other than
industrial primarily due to high pH and the high concentrations of
sulfate, sodium, and radium-226. Additionally, the low yield of
this aquifer (approximately 12 gallons per minute) would not be
sufficient for normal crop irrigation. The baseline values for the
restoration sampling wells are contained in Tables 1 through 5
presented in Section 4 of this report. A summary of the background
water quality in the mining zone and the production zone outside
the mineralized area is presented in Appendix 1. The locations of
the wells used to collect these data are also presented in Appendix
1. A tabulation of water quality standards for various uses is
presented in Figure 4.

It is necessary to treat the natural occurring groundwater in
the production zone aquifer in order to make it suitable for either
livestock watering, drinking water, or irrigation purposes. For
example, to meet livestock criteria it would be necessary to reduce
the pH to the 6.5 to 8.5 range, and radium-226 would have to be
reduced to less than 5.0 pCi/l. The same requirements apply to
making the natural groundwater suitable for drinking water plus
total dissolved solids and sulfate levels would also have to be
reduced. The relatively high sodium values would make the natural
mining zone groundwater undesirable for irrigation purposes. To
reduce the above parameters to acceptable limits, it would be
necessary to treat the water with a device such as a R. 0. unit. A

conventional water softener would not be adequate since a water

OGLE PETROLEUM INC

o,



CLASSIFICATION SYSTER FOR GROUNOWATERS OF WYONING

GROUNOWATLR CLASS T 1] 111 1Y
- vi | v
olential Use ]IT_ Domestic | Fish/houatic LiTe | Agricuiture | Livestock 1 Tndustry
I
Constituent or Parameter Concentration or Range -~ mg/] unless otherwise indiceted
Mult‘u.-((ml; 0.¢8 :31 5.0 5.0
:"1““;&‘.‘;’ 0.05 0.05 0.10 0.2
ariuvm 1.0 5.0
"""23 (Be) 0.011-1.13 0.10
Boron 0.7% 0.75% 5.0
Cadmium (C4) 0.01 0.0004-0.0157 0.01 0.05
Chloride (C) 2%0. 100, 2,000.
gmu::u?c:(r 0.05 0.05 0.10 0.05
obe 0.05 1.0
Copper (Cu 1.0 0.010-0.0407 0.20 0.%0
Cyanide (IN 0.2 0.00%
Fluoride (F 1.4-2.47
WMydrogen Sulfide (H$) 0.05 0.0022
Iron (fe 0.30 0.50 5.0
Lead !n 0.0% 0.00¢-0.1503 5.0 0.10
Lithium (LY) 2.%
Fanganese (Mn) 0.05% 1.0 n.2n
ercury (Hg) 0.002 0.00005 0.00005
Nichei (N1) 0.05-0.4003 0.20
hitrate (NO3 as Nitrogen 10.
Nitrite %no, as Nitroger 1.0 .
N014505, as N) 100,
2'! ] Groui‘ % 10. virtually free 10, 10.
henol 0.00] 0.001
Selenium (Se) ¢ 0.05 0.02 n.0%
Siiver (Ag) 0.0% 0.90010-0. 000253
Sulfate (501) 250. . 200, 3,900,
Tota) Dissolved Solids 500. S(JO.s 2,000, $.000. 10,000 »10,020
(108) ;.g.‘
Urentum (V) 5.0 0.30-1,40° 5.0 5.0
Vanadiom (V) 0.10 0.10
2inc (In) 5.0 0.050-9. 0603 2.0 25.
pH 6.5-8.5s.v 6.5-9.0s.v. §.5-9.Us.u{ 6.5-8.5s5.v
¢ - SA-;.-——-—-—--———— —— ————-—1»——— ————- — 1——— - S
RSC 1.25 meq/)
Combined Total i
Raotum-226 and
Radium-228 s pCi/1 s pCiN s pCiN s pliN
Tota! Strontium-90 g pli/N 8 pli/N) 8 pCi/) B pCiN
Gross alpha particle r
redinactivity (including
Kadium-226 but exclucing
Racon and Uranium) IL!S pliN 15 pCY/1 15 ptiN 15 p2i/N
Underground water of this class shall not contain bacterio-
logical, biological, hez2ardous, toxic or potentially toxic
materfals or substences including pesticides, insecticides
or herbicides in concentrations or amounts which exceed
maximum a)lowable concentrations based vpon the latest
|l aveiladle tnformation and in conformity with the latest
Jeriteria or standarés established by the U.S. favironrental
) Frotection Agency or fts successor agency.

SOURCE: Water Quality Division (DEQ) Proposed Rules and Regulations,

Yuntentzed awonia: Wnen a-onfa ¢issolves {n weter, some of the a'monta reacts with water to form
ermonium tons. A chemical eguilibruim 1s esteblished which cantzing unionized amonia (KMy), iunized a*ronfa
(#44#), anc hydroxice tons (tv=). The toxicity of equeous solutions of awrmonfa is attridbuled to 'y therefore
the stenceéd is for unionized armonia, (Note: 0.02 »g/) N3 is equivalent to 0.016 N4y as N).

2uneissoctated ¥,8: The teafcity of sylfices cerives prirarily from 8 rather than from the ¢issociated
145) or (S) tons: thercfore the siancard {s for tve toxlc undissocieted ¥25.

‘ocmdut on haréress: The toxicity of retals in neture) weters varies with the hardness of the water;
generally, the Yiaiting corcentration fs greater fa hard water than in soft water,

.l” hatehing ’n.n rearing ‘figh and aquatic V...
L]
’aepc-hn on the annual average of the manirue daily air terperature. Total amwonla-nltrogen.

< POOR ORIGINAL



softener merely exchanges less desirable ions for more desirable

ions and does not improve water quality in terms of purity.
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4. RESTORAT1ON RESULTS

The groundwater restoration activity commenced in early August
and terminated in mid-September, 1979. The restoration program
consisted of the following:

August 1, 1979 through August 4, 1979: The addi-
tion of leaching chemicals to the lixiviant
ceased; however, the fluids continued to be cir-
culated through the wellfield and the processing
plant to lower the concentration of uranium.

2. August 5, 1979 through August 9, 1979: One aqui-
fer pore volume, approximately 115,000 gallons,
was pumped from *he wellfield to the evaporation
pond after routing the fluid through the process-
ing plant to remove uranium.

3. August 10, 1979 through September 14, 1979:
Fluids from the recovery wells were routed to a
R. 0. unit. The clean water (permeate) from the
R. 0. unit was reinjected at the wellfield. The
concentrated brine (reject) from the R. 0. unit
was discharged to the evaporation pond.

Restoration of the groundwater affected by OPI's pilot in-situ
uranium leach project was achieved on September 14, 1979. 1In
accordance with regulatory requirements, the groundwater quality in
the restored aquifer was monitored for six months to assess the
water quality stability. OPI sampled the restoration sampling
wells monthly during the six-month stability period. The location
of restoration sampling wells are shown in Figure 3. The results
of this post-restoration monitoring as well as the baseline and
restoration period data are presented in tabular form in Tables 1

through 5. The analytical laboratory water quality reports for the

-10- OGLE PETROLEUM INC.



-‘[‘[-

(Units:

TABLE 1

RESTORATION INFORMATION
WELL 303-6-P 7

mnG/1 unless otherwise indicated)

alimeamysiaps P— —— ™
BASFLINE VALUES ) RESTORATION AND POST RESTORATION VALUES
Sampla Sample Sanple Sarple Sample Sample Sample ‘h-plo Sample Sample Sample Sample 1
Round Round Round Round Round Round Round Round Round Round Round Round
Numb 1 Numb 2 Numb 3 ber 4 Baseline Number 1 Number 2 Number 3} Number 4 Number 5 Number 6§ Number 7 Number 8
PARAMETER 09-0)-78 09-28-78 10-12-78 10-21-78 Mean 08-05-79 09-05-79 10-05-79 11-05-79 12-07-79 01-08-80 02-05-80 0)-18-80
PH (pH units) 9.2 %.5 9.8 2.7 9.5 8.1 9.2 8.6 7.9
Total Dissolved Solids 1358 1612 1400 1486 1464 1376 13172 1458 1350
Specific Conductivity
(micromhos/cm) 1770 1785 1778 1750 1770 172% 1728 1735 1738 SAMPLES FROM WELL 30)-6-P T WILL NOT
. 07 " . R - 0. . -0. - 0.
Ammonia {as N) 0.2% 0.0 0.22 2.0 0.64 0.1 0.62 0.10 0.1 SE COLLECTED FOR wOS .
Nitrate {as N) -0.01 0.0} -0.01 0.26 .08 -0.01 0.02 0.01 0.03
Nitrite (as M) -0.01 -0.01 -0.01 -0.01 -0.01 0.10  -0.01 0.02 -0.01 % € 7, and 8 DUR TO A
Blicarbonate 9 as 7 61 7 ilo 61 as 110 STUCK PUMP SITUATION
4 6 % n 0 16 24
Carbonate 1 ¥ . DISCUSSED IN THE THIRD QUARTERLY
Calcium pL 12 18 18 1% 40 s » 26
Mloride 34 3 2 % 3 % 2 30 1 REPORE, THIS PRIDENNE ARG SIS
Boron - 1.0 - 1.0 - 1.0 - 1.0 APPROVED BY THE NRC AND THE DEQ.
Fluoride 1.0% 1.20 1.13 0.91
Magnes ium 4 4 3 2 3 0 9 2 L
Potassium 8 13 9 10 10 11 10 Bl 7
Sodium 414 480 44 465 449 410 434 436 59
Sulfate 800 975 850 900 88l /60 LY 826 8%
Aluminum -0.08 -0.0% -0.0% -0.08
Arsenic -0.01 -0.01 -0.01 -0.01 -0.01

(continued)
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TABLE 2

RESTORATION INFORMATION
WELL 303-6-P 16

{Units: mg/)l unless othervwise indicated)

—C‘[-

(continued)

BASELINE VALUES RESTORATION AND POST RESTORATION VALUES
Sample Sample Sample Sample Sample Sample Somple Sample Sample Sample Sarple Sample
Round Round Round Round Round Round Found Round Round found Round Round
Number 1 Number 2 Number 3 Number 4 Baseline | Number 1 Number 2 Nusder 3 Number 4 Number 5 Number 6 Number 7 Nusber 8
PARAMETER 09-13-78 09-28-78 10-19-78 10-28-78 Maan 08-05-79 09-05-79 10-05-79 11-05-79 12-07-79 01-08-80 02-05-80 03-18-80
M (pH units) 9.3 9.2 9.0 9.4 9.2 8.3 8.5 8.6 8.0 8.2 7.5 8.0 8.0
Total Dissolved Solids 1458 1620 1338 1526 1485 1272 1350 1442 1310 1402 1386 1346 1338 | (116
Specific Conductivity
(micromhos/cm} 1740 1850 1750 1785 1781 1800 1725 1615 1925 1800 1850 1650 1925
amponia (as N) 0.12 0.10 0.15 2.9 0.82 0.25 0.44 -0.10 - 0.1 0.18 0.2% 0.24 0.20
Hitrate (as N) 0.16 0.39 -0.01 0.33 0.22 0.02 0.02 -0.01 0.02 0.04 0.02 0.13 0.20
Nitrite (as N) -0.01 -0.01 -0.01 ~0.01 -0.01 -0.01 ~0.01 -0.01 -0.01 -0.01 -0.01 -0.00 -0.01
Bicarbonate 23 85 98 a5 91 85 122 146 115 129 120 122 127 { 90.4)
Carbonate 36 36 6 48 32 4 12 2 0 0 0 0 ( 6.0)
Calcium 32 25 29 29 29 51 a8 30 34 44 40 43 19 | (30.0)
Chloride 36 30 30 30 3 28 39 38 32 14 22 33 % (¢ %
Boron - 1.0 - 1.0 - 1.0 - 1.0 -3¢ | (0.9
Fluoride 0.80 1.20 1.0 1.03 1.09 | ( 0.32)
Magnesium ] 6 5 3 4 3 1 6 8 4 a 9 10 | ( 6.2
Potassium 7 1 “ 9 o 11 K 7 6 6 6 12 9 | ( 7.5
sodium 429 485 120 433 417 425 a7 433 434 189 413 412 02 | 390
sulfate 830 1000 770 870 867 806 759 804 817 800 790 814 a3 ¢ 8%
Aluminum ~0.05 ~0.05 -0.05 -0.0% - 0.1 (=0.01)
Arsenic -0.01 -0.01 -0.01 -0,01 -0.01 -0.01 -0.01 -0.01 -0.01 (=0.02)
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{Units:

TABLE 3

RESTORATION INFORMATION
WELL 303-6-P 19

mg/1l unless otherwise indicated)

BASELINE VALUES

RESTORATION AND POST RESTORATION VALUES

Sample Sample Sample Sample Sample Sample Sample Samp le Sample Sample Sample Sample
Round Round Round Pound Round Round Pound Round Round Round Round Round
Number 1 Number 2 Number 3 Number 4 Baseline | Number 1 Humber 2 Number 3 Number 4 Number 5 Number 6 Number 7 Nusber 8
PARAMETER 09-03-78 ©09-28-78 10-12-78 10-24-78  Mean 08-05-79 09-05-79 10-05-79 11-05-79 12-07-79 01-08-80 02-05-80 03-18-80
pPH (pH units) 1.3 11.4 10.1 10.8 10.9 8.4 8.6 8.8 8.0 E.4 7.8 8.2 7.9
Total Dissolved Solids 1348 1560 1462 1520 1472 1314 1418 1560 1640 1836 1784 1678 1616
Specific Conductivity .

{(micromhos/cm) 2080 1750 2100 1850 1945 1800 1800 1900 1825 2075 2275 2275 2000
Ammonia (as N 0.25 0.10 0.18 2.2 0.68 0.24 0.44 -0.10 - 0.1 ¢.30 0.22 0.26 0.22
Nitrate (as N) .16 0.37 -0.01 0.23 0.19 -0.01 0.04 0.03 0.03 0.02 -0.01 -0.01 0.03
Nitrite (as N) -0.01 -0.01 =0.01 -0.01 -0.01 -0.01 =0.01 -0.01 -0.01 -0.01 -0.01 -0.01 =0.01
Bicarbonate * o ] 31 ] 31 8s 122 8 93 114 93 98 9
Carbonate 24 36 24 24 27 24 24 12 c 0 0 Q 0
Calcium 49 62 56 il 49 56 26 32 34 56 54 53 s1
Chloride 52 40 40 32 4l 30 28 22 24 22 24 22 22
Boron - 1.0 - 1.0 - 1.0 - 1.0 - 1.0
Fluoride 1.09 1.08 1.07 0.70 0.83
Magnesium ** 0 o 0 0 0 3 s L] 17 11 14 11 4
Potassium 14 16 11 10 13 11 10 9 10 9 10 11
Sodium 441 442 447 448 444 416 434 500 508 485 498 481 486
Sulfate 820 960 900 950 %07 807 774 « 1013 1075 1150 1100 1082 1082
Aluminum -0.05 -0.05 ~0.0% -0.05 « 0.1
Arsenic -0.01 =-0.01 ~0.01 -0.01 -0.,01 -0,01 3.01 -0.01 -0.01

epMean Baseline value based on Sample Round 3, analytical error suspected in Rounds 1, 2, and 4.
s*pnalytical error also suspected for Magnesium during the baseline period.

(continued)
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RESTORATION INFORMATION
WELL 303-6-p 22

(Units: mg/l unless otherwise indicated)
{ BASELINE VALUES RESTORATION AND POST RESTORAZIION VALUES
Sample Sample Sample Sample Sample Sample Sample Sample Sample Sample Sarzple Sample
Round Round Round Round Round Round Round Round Round Round Round Round
Bumber 1 Number 2 Number 3 Number 4 Baseline ! Number 1 Wumber 2 Number 3 Number 4 Number $ MNumber € Number 7 Number 8
PARAMETER 09-12-78 10-06-78 10-19-78 10-28-78  Mean 06-05-75 09-05-79 10-05-79 11-05-79 12-07-79 01-08-80 02-05-80 03-18-80
PH (pH units) 9.5 9.5 10.6 10.7 10.1 7.8 7.0 8.2 7.9 3.0 8.0 7.8 7.7
Total Dissolved Solids 1466 1499 1612 1812 1602 2842 1192 1476 1530 1422 1730 1508 1546
Specific Conductivity
{micromhos/cm) 1850 1900 2100 2135 1994 3850 1725 1775 1775 2250 2:50 1725 2128
Ammonia (as N) 0.10 0.20 0.19 2.9 0.85 0.21 0.41 -0.10 = 0.2 0.29 D.28 0.23 0.21
Nitrate (as Nj =0.01 ~0.01 =0.01 0.07 0.03 0.04 0.03 0.03 0.03 =-0.01 -0.01 -0.4: v.02
Nitrive (as N) =0.01 =-0.01 =-0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 =-0.01 =0.01 =0.01 =-0.01
Bicarbonate * 61 61 0 0 61 683 293 159 163 149 110 134 122
Carbonate 18 36 24 36 28 o 0 0 0 0 (4] c 0
Calcium 29 29 39 41 34 112 47 46 43 65 57 56 56
Chloride 36 30 28 10 3l 394 ee 0 52 48 32 56 36
Boron - 30 - 1.0 - 1.0 - 1.0 - 1.0
Flucride 0.70 02.98 0.84 0.81 0.95
Magnesium 4 6 4 2 “ 40 2 9 12 1) 14 12 14
Potassium 10 9 10 11 10 19 9 8 8 8 7 10 9
Sodium 4317 468 490 493 472 841 379 471 s08 406 461 458 .4Q7
Sulfate 8u0 965 1040 1100 296 %4 532 9.4 944 7%0 1020 937, 982
Aluminum -0.05 -0.05 =-0.05 -0.05 - 0.1
Arsen . c -0.01 =0.01 -0.01 -0.01 -0.01 =0.0a -0.01 =-0.01 -0.01
*Mean Baseline value based on Sample Rounds 1 and 2, analytical errer pected in R ds 3 and 4.
(continued)
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TABLE 4 (continued)

AELL 303-6-P 22

BASELINE VALUES FESTORATION AND POST RESTORATION VALUES
Sample Samp ie sample Sample Sample Sample Samole Samp le Sampie Sample Sample Sample
Round Round Lound Pound Round Round Round found Round Pound Round Round

Number 1 Number 2 Number 3 Number 4 Baseline | Number 1 Number 2 Number 3 Number 4 Number 5 Number 6 Number 7 Number 8
PARAMETER 09-21-78 10-06-78 10-19-78 10-28-78 Mean 08-05-79 09-05-79 10-05-79 11-05-79 12-07-79 01-08-80 02-05-80 03-18-80
Barium =0.05 -0.38 -0.05 -0.05 =0.05 K-0.01)
Cadmium -0.002 -0.002 -0.002 -0.002 -0.01 -2.01)
Chromium -0.01 =0.01 -5.01 -0.01 =0.02 (=0.01)
Copper -0.01 -0.01 -0.01 -0.01 -0.02 §=-0.01)
Iron 0.02 -0.01 0.10 -0.01 .04 0,01 0.01 0.01 0.0S 0.03 0.05 (.02 0.0} it=0.01)
Lead -0.05 ~-0.08 -0,05 -0.05 -0.0% -0.05 -D.0S ~0.0% -0.05 -0.0% -0.0% -0.05% ~0.0% K-0.03)
Manganese -0.01 -0.01 -0.01 -0.01 -0.0L (=0.01)
Mercury =0.001 -0.001 -0.001 -0.001 =0.001 j{-1lppb)
Nickel -0.Ca -0.04 ~-0.04 -0.04 -0.04 (=0.01)
Selenium -0.01 ~0.01 =-0.01 -0.01 -0.61 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 (-0.023
Zinc =2,01 -Q.01 -0.01 =-0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 =-0.01 0.01 0.01 {-0.01)
Molybdenum -0.05 -0.05% -0.05 -0.05 -0.08
vanadium -0.05 -0.05% -0.05 -0.05 -0.05
Uranium -0.001 =-0.001 ~0.001 -0.001 -0.001 2.70 0.105% 0.145 0.115 0.105 0.031 0.12 0.113
Radium=-226 (pCi/l) 23,7:0.4 B8.320.3 21.0:0.4 29.620.) 20.65 182.624.4 1.94¢0.28 5.320.83 11.8¢0.86 7.6:0.6 5.9:0.4 21.422.6 7.82+3.07
Thorium=230 (pCi/l) * 0£0.5 1.4%1.1 5.822.2 020.5 l.860 25.527.9 -0.2

NOTES: Mining terminated on July 31, 1979. Restoration started on August 5, 1979 and terminated on Septesber 14, 1979.

Blank space indicates analysis of parameter not required.
- means not detected at level indicated.

* Bascline Mean value based on Samples Rounds 2 and 3,

Number in parens represents value (mg/l) that Wyoming DEQ obtained from & commercial lab that analyzed duplicate (split) samples

collected on March 18, 1980,



TABLE 5

RESTORATION INFORMATION
WELL 303-6~-P 31

-61-

{Units: mg/) ess otherwise indicated)
BAS ELINE VALUES . RESTORATION AND POST RESTORATION VALUES
Sample Sample Sample Sample Sample Sample Sample Sample Sample Sample Sample Sample
Round Round Round Round Round Round Round Round Round Round Round Round
Number . Number 2 Numbor ) Number 4 Baseline Number 1 Nusber 2 MNumber 3 Number 4 Number S Number 6 Number 7 Number &
PARAMETER 09-12-78 09-26-76 10-20-78 10-28-78 Mean 08-05-79 09-05-79 10-05-79 11-05-79 12-07-79 01-08-80 02-05-80 03-18-80
PH (pH units) 9.2 8.8 8.8 8.8 8.9 7.6 7.0 7.6 7.4 > i | 7.4 7.2 7.3
Total Dissolved Solids 1428 1336 1402 1606 1443 3282 85 822 1340 1420 1402 1318 1470 ( 1303)
Specific Conductivity
(micromhos/cm) 1750 1825 1770 1750 1774 4350 115 1115 1700 1850 1675 1750 1823
Ammonia (as N) .10 0.15 0.14 1.8 0.55 0.10 -0.01 -0.10 = 0.1 0.53 0.16 0.23 0.18
Nitrate (as N) 0.26 =0.01 0.05% 0.1% 0.14 0.10 0.04 0.03 0.02 0.02 0.04 0.02 0.0l
“itrite (as N} -0,01 =-0.01 =0.01 -0.01 -0.01 0.04 =0.01 -0.01 =-0.01 =0.01 =-0.01 -0.01 -0.01
Bicarbonate 104 104 110 98 104 830 37 207 242 268 242 217 232 € 169)
Carbonate 30 18 24 24 24 0 0 0 ] 0 4} o ] ( o
Calcium 36 £} 31 £ 11 32 112 2 107 195 251 118 96 8s { 78.4)
Chloride 34 32 34 34 33 590 24 56 B4 78 54 52 48 (19
Boron - 1.0 - 1.0 - 1.0 - 1.0 - 220 { 0.1
Fluoride 0.80 0.98 ©.89 0.63 0.83 ( 0.28)
Magnesium 3 8 6 4 S 21 0 10 s 16 15 10 1z ( 9.8)
Potassium 7 7 8 8 7 20 1 b 3 3 3 3 7 ( 4.1
sodium 424 406 452 156 434 1146 23 152 238 234 340 348 | 363 ¢ 348)
Sulfate 820 810 840 9240 852 1067 0 359 675 710 825 719 166 t 76%)
Aluminum =0.05 -0.0% -0.05 | -0.05 - 0.1 (=0.01)
Arsenic -0.01 -0.01 ~0.01 0.056 0.02 -0.01 -0.01 -0.01 -0.01 { 0.06)
4

(continued)
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“ELL 303-6-P 31

TABLE 5 (continued)

BASELINE VALUES

RESTORATION AND POST RESTORATION VALUES

Sample
Round

Number 1 Number 2 Number 3

Sample Sample Sample
Round Round Hound

tNumber 4 Baseline

Sample Sample
Round Round

Sample Sample Sarmple Sample
Round Round Round Round

Sample
Round

Sarple
Round

Number 1 Number 2 Number 3 Number 4 Number 5 WNumber 6 Nusber 7 Nusber 8

PARAMETER 09-12-78 09-26-78 10-20-78 10-28-78 Mean 08-05-79 09-05-79 10-05-79 11-05-79 12-07-79 01-08-80 02-05-80 03-18-80
Barium -0.05 -0.0% -0.05 ~0.05 ~0.0%
Cadmium -0.002 -0.002 -0.002 =0.002 -0.01
Chromium -0.01 -0.01 -0.01 -0.01 ~0.02
Copper =0.01 -0.01 -0.01 ~0.01 -0.02
Iron 0.02 =0.01 0.05 -0.01 0.02 0.01 0.01 0.24 1,30 1.38 0.38 2.39 1.37
Lead -0.05 -0.05 ~0.05 -0.05 -0.05 -0.05 -0.08 -0.05 -0.05 -0.05 -0.05 -0.05 -0.0%
Manganese -0.01 -0.01 =-0.01 0.15 0.13
Mercury =0.001 -0.001 -0.001 -0.001 -0.001
Mickel -0.04 -0.04 -0.04 -0.04 -0.04
Selenium -0.01 -0.01 -0.01 -0.01 ~0.01 -0.01 -0.01 ~0.01 -0.01 -0.01 -0.01 =0.01 -0.01
Zine -0.01 ~0.01 -0.01 -0.01 -0.01 ~0.01 0.01 0.08 0.08 0.01 0.01 0.46 0.97
Molybdenum ~0.0% -0.05 ~0.05 -0.05 -0.0%
vanadium -0.05 -0.05 -0.0% -0.05 ~0.0%
Uranium -0.001 0.005 0.011 -0.001 0.005 1.45 0.011 0.500 0.590 0.75% 0.315 2,05 2.75
fadium-226 (pCi/1) 419.340.4  33540.3  296#0.3  29120.3 135.3 834.429.1 5.0520.53 364*3 456221  1121£7.0 410.1$10.3 340211.2 276.8*8.52
Thorium-230 (pCi/l) 6.722.3 10.0:4.6 4.021.5 0.540.7 5.30 2.2622.3 «0.2

NOTES: Mining terminated on July 31, 1979.

Blank space indicates analysis of parameter not required.

= means not detected at level indicated.
Number in parens represents value (mg/l) that Wyoming DEQ obtained from a commercial lab that analyzed duplicate (split) samples
collected on March 18, 1980.

Restoration started on August S, 1979 and terminated on September 14, 1979,

(=0.01)
(-0.01)
{=0.01)
{=0.01)
(-0.01)
(=0.01)
(=0.01)
(~1ppb)
(-0.01)
(~0.02)
( 0.83)



individual wells including baseline and restoration data are pre-

sented in Appendix 2.
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5. DISCUSSION OF RESTORATION RESULTS

In general, the results of the restoration and post-restoration
sampling show that most of the parameters were returned to less
than baseline plus 10% or drinking water standards. The pH, which
naturally exceeds drinking water and livestock watering standards,
was reduced to within the 6.5 to 8.5 range due to the influence of
circulating R. 0. unit treated water (approximately neutral pH)
through the mined aquifer.

It appears from the restoration data that the above mentioned
reduction in pH has affected the carbonate/bicarbonate ratio as
dictated by the graph presented in Figure 5 which shows the impact
of pH on different species of carbonate chemistry. A re-alignment
of the concentrations of the various anion and cations has also
taken place as a result of the introduction of the high purity
R. 0. unit water into the production zone in order to maintain
electrochemical neutrality. This effect is most notable in the
post-restoration values for calcium and magnesium which are some-
what elevated above baseline values. From a water usability stand-
point, these two constituents only add to the total hardness and
are not considered toxic. OPI is not aware of any drinking water
standard for calcium, magnesium, or total carbonate; and it is not
unusual to find concentrations of these three elements in drinking
water supplies at or above the final restoration values. The U. S.
Department of Commerce has published a guide for evaluating the
quality of water used by livestock which presents the limiting
concentrations for bicarbonate, calcium, and magnesium of 500 mg/1,
1,000 mg/1l, and 500 mg/l, respectively. The pertinent portion of

OGLE PETROLEUM INC.
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this publication is presented in Appendix 3. An EPA publication,

entitled "Quality Criteria for Water," states that "alkalinity re-
sulting from naturally occurring materials such as carbonate and
bicarbonate is not considered a health hazard in drinking water
supplies, per se, and naturally occurring maximum levels up to ap-
proximately 400 mg/l as calcium carbonate are not considered a
problem to human health (National Academy of Sciences, 1974)." The
pertinent portion of this EPA publication along with information on
other chemical species is also included in Appendix 3.

The restoration results have demonstrated that the mobiliza-
tion of toxic metals such as mercury, lead, arsenic, and selenium
during the in-situ leaching of uranium is not occurring to any
measurable degree. The post-restoration analytical data indicate
that the concentration levels for these toxic metals are the same

as the baseline values.

OGLE PETROLEUM INC.
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6. SUMMARY

One of the primary objectives of OPI's pilot scale operation

conducted in the Bison Basin area of Wyoming was to demonstrate the
capability of satisfactorily restoring the water quality in an
aquifer affected by the in-situ leach mining of uranium. A compari-
son of the post-restoration results with the baseline data clearly
documents the fact that OPI has the operational know-how and tech-
nical expertise to satisfactorily restore the groundwater affected

by in-situ leach mining.
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Bison Basin, Wyoming

Baseline Water Quality

(Figures in mg/1 except as roted)

Hole Number: 0P 140 TC OP 141 TC OP 135 OP 136
Date sampled: 6-1-77 6-7-71 6-16-77 6-2-77_ 6-1-77
Hour sampled: 1130 hr 1700 hr 1421 hr 1600 hr 1400 hr 1845 hr
pH (8.92)" 8.80 8.23 8.09
Temp. Deg. C 1 12.5 12.0 11.6
Eh mV o (400) 184 92 92
Sp. Conductance 2300 1850 2450 2400
Total Disg. Sol. 1370 1330 1790 1780 1380 1390
Hardness 98.9 101.1 194.8 193.9 101.8 96.8
Al 0.1 -0.1 0.1 -0.1 0.1 -0.1
As -0.04 -0.04 -0.04 -0.04 -0.04 -0.04
B 0.27 0.26 0.32 0.38 0.28 0.26
Ca 27.7 28.9 54.0 54.0 27.7 26.2
Ccd -0.01 -0.01 -0.01 -0.01 -0.01 -0.01
C1 25 29 11 9 24 26
cr -0.01 -0.01 -0.01 -0.01 -0.01 -0.01
Cu -0.01 -0.01 -0.01 -0.01 -0.01 -0.01
F 1.01 1.02 0.68 0.66 1.07 1.04
Fe-total -0.04 -0.04 -0.04 -0.04 -0.04 -0.04
Fe-dissolved -0.04 -0.04 -0.04 -0.04 -0.04 -0.04
Hg -0.001 -0.001 -0.001 -0.001 -0.001 -0.001
K 5:3 6.1 6.7 6.4 5.0 4.9
Mg 7.0 6.8 14.2 14.0 7.4
Mn -0.01 -0.01 -0.01 -0.01 -0.01 -0.01
Mo -0.04 -0.04 -0.04 -0.04 -0.04 -0.04
Na 440 445 495 L87 452 455
Ni -0.04 -0.04 -0.04 -0.04 -0.04 -0.04
P -0.1 -0.1 0.1 0.1 0.1 -0.1
Pb -0.04 -0.04 -0.04 -0.04 -0.04 -0.04
Ra-226 (pCi/1) 230 210 260 280
Se -0.02 -0.02 -0.02 -0.02 -0.02 -0.02
Sr 4 0.77 0.82 1.27 1.27 0.74 0.72
U308 0.01 0.02 0.04 0.04 -0.01 -0.01
v -0.1 -0.1 0.1 =0.1 0.1 -0.1
Zn -0.01 1 -0.01 0.02 0.01 -0.01 -0.01
Bicarbonate (90)1 110 180 190
Carbonate (20) 20 -10 -10
Sulfate 825 725 1100 1090 825 725
Ammonia 0.4 0.1 -0.1 0.2
-0.2 0.2 -0.2 0.2 -0.2

02

Nitrate

1 Values in () were taken several days after sample collection, and are less
reliable than the other reported values.

Specific conductance in micromhos/cm at 25 degress C.

Hacdness in mg/1, expressed as equivalent CaCo3.

Total uranium, expressed as equivalent U 08'

Total ammonia, expressed as N equivalent’

Total nitrate, expressed as N equivalent.

Ve wN

Blank space = not determined. Data by Rocky Mountain Geochemical Corporation,
Salt Lake City, Utah. (Tabulated by D. B. Roberts, 9-7-77.

OGLE PETPOLIUM INZ
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STATISTICAL SUMMARY 1
MONITOR WELLS BASELINE WATER QuALiTy'l)
(For 5 monitor wells completed in “D* sand)

(All values are in mg/l unless otherwise indicated)

Number of Concentration Concentration Concentration
Data Points Range Mean (X) Standard
(N) . Deviation (& n-1)

ph (pH units) 20 8.5-10.7 9.40 0.64
Total Dissclved Solids 20 1270-1554 1375.4 €3.04
Specific Conductivity

(micromhos/cm at 25°C) 20 1675-1925 1804.29 77.95
Aluminum 10 All data below detection limit of 0.05
Ammonia (as N) 20 0.01-10.1 0.88 2.3
Nitrate (as N) 20 -1 6.01-7.900 0.56 1.1
Nitrite (as N) 20 All data below detection limit of 0.01
Arsenic i0 All data below detection limit of 0.01
Barium 10 All data below detection limit of 0.05
Bicarbonate 20 0-134 79.6 41.78
Boron 10 All data below detection limit of 1.0
Cadmium 10 All data below detection limit of 0.002
Calcium 20 10-34 22.45 8.20
Carbonate 0 12-48 30.90 .7
Chloride 20 28-70 3e.42 10.62
Chromium 10 All data below detection limit of 0.01
Copper 10 All data below detection limit of 0.01
Fluoride 10 0.06-1.30 0.93 0.35
Iron (total) 20 (-)0.01-0.06 - -
Lead 20 All data below detection limit of 0.05
Magnesium 20 2-6 3.85 1.18
Manganese 10 All data below detection limit of 0.002
Mercury 10 All data below detection limit of 0.001
Molybéenum 10 All data below detection limit of 0.05
Nickel 10 All data below detection limit of 0.04
Potassium 20 7-16 10.25 2.10
Selenium 20 All data below detection limit of 0.01
Sodium 20 421-481 436.90 15.11
Sulfate 20 $90-950 807.50 70.25
Uranium 20 (=)0.001-0.016 - -
vanadium 10 All éata below detection limit of 0.05
Zinc 20 All data below detection limit of 0.01
Radium-226 (pCi/l) 20 0.74-165.4 24.2) 43.45
Thorium-230 (pCi/l) 20 0.00-23.9 8.28 16.31

1 Tabulated statistical values based upon data obtained from the sanpling of 5 monitor
wells completed in the "D" sand for the Demonstration Test frojcct (well Nos. 303-6-Ml,
303-6-M2, 303-6-M4, 303-6-M5 and 303-6-M6). These five wells were completed in the
monitor zone. The period of time during which the data were collected was August, 1978
thru tober, 1978,

i () means not detected at level indicated.

APPENDIX 1




STATISTICAL SUMMARY
TEST AREA BASELINE WATER OUALITY‘l,
(For 5 wells compieted in orebody aguifer ("D* sand) and
which will undergo restoration in Demonstration Project)

(All values in mg/l unless otherwise indicated)

Number of Concentration Concentration Concentration
Data Points Range Mean (X) Standard
(N) Deviation (& n-1)

pH (pH units) 20 8.8-11.4 9.73 0.82
Total Dissolved Solids 20 1336-1812 1493 120.7
Specific Conductivily

(micronhos/cm at 25°C) 20 1740-2125 1853 134.8
Aluminua 10 All data below detection limit of 0.05
Ammonia (as N) 20 0.07-2.9 0.71 1.01
Nitrate (as N) 20 0.01-0.39 0.13 0.13
Nitrite (as N) 20 All data below detection limit of 0.0l
Arsenic 10 All data below detection lim:it of 0.01
Barium 10 All data below detection limit of 0.05
Bicarponate 20 0-110 62.6 41.6
Boron 10 All data below detection limit of 1.0
Cadmium 10 All data below detection limit of 0.002
Calcium 20 12-62 32.8 12.1
Carbonate 20 18-48 30.3 7.9
Chloride 0 78-52 34.2 3.3
Ciromium 10 All data below detection limit of 0.01
Copper 10 All data below detection limit of 0.01
Fluoride 10 0.7-1.2 0.98 0.17
Iron (total) 20 0.01-0.13 0.025% 06.032
Lead 20 All data below detection limit of 0.05
Magnes.ium 20 0-8 3.45 2.24
Manganese 10 All data below detection limit of 0.01
Mercury 10 All data below detection limit of 0.001
Nickel 10 All data below detection limit of 0.05
Potassium 20 7-16 9.8 2.4
Seleniunm 20 All data below detection limit of 0.01
Sodium 29 320-493 443 37.9
Sulfate 20 770-1100 901 83
Uranium 20 0.001-0.011 0.0018 0.0024
Vanadium 10 All data below detection limit of 0.05
Zine 20 All data below detection limit of 0.01
Radium-226 (pCi/l) 20 2.2-419.3 76.63 134.96
Thorium-230 (pCi/l) 20 0-14.6 3.68 3.97

1)

Tabulated statistical values based upon data obtained from the sampling of five

restoration sampling wells in the Demonstration Test area (well Nos. 303-6-7C,

303-6-P.16,
in the ore ione.

303-6-719, 303-6-P22C and 301-6-P131C).

These five wells were completed
The period of time during which the data were collected was

August, 1978 thru Cctober, 1978,

APPENDIX 1
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. CHEMICAL & GEOLOGICAL LABORATORIES
P. O, Box 2794
Casper, Wyoming
ANALYTICAL REPORT

Water

From OPI-Western Joipt Venture Product . W v i L1
September 5, 1978

Address Casper, Wyoming ... Date
Other Pertinent Date

Staff

Analyzed by Date September 30, 1978  |,b No. . 266i2-2
SEE . E e - P — - — e e -
WATER ANALYSIS
Bison Basin, Wyoming
303-6-P-7 interval "D"
Sample taken September 3, 1978
mg/1 mg/1

tal dissolved solids (calculated) ---- 1362 Boron (B) ==+ =ecmmme e ND(1.0)
tal dissolved solids (observed) =----=1358 Barium (Ba) =~=-—rwemecmrenc s ND(0.05)
tal suspended s0lids ~~==~smmcaccnncex g, Cadmium (Cd) —==-====—=cscmmr e ND(0.002)
nductivity, micromhos @ 68°F, ~~-=--v= 1770 Chromium (Cr) —--===-===cemamea————— ND(0.01)
tal alkalinity as C-ICOJ ------ ———————— 121 Copper (Cu) ~=--==cmmmeecemennmemn—a ND(0.01)
al hardness as CaC0, ~~~~eermccsance 87 Fluoride (F) ~--=—=m=mmeecememen———— 1.06
dium (Na) (c.ih'uldtr-g) e ——————— 416 Iron (Fg) (total) ==-==-mm--cmmeae=- 0.02
dium (Na) (observed) = ——======mcecca 414 Lead (PD) -~~-~==w=eccncecrrnnececancna ND(0.05)
Lagsium (K) ~o=v rommencscancsnsadnnnan 8 Hanganese. (Mnj = esresssensomamnemsas ND(0.01)
Icium (Ca) ==—=w=memmm—— o e m -— 28 Mercury (Hg) =—=-==mmmmmmem————————— ND(0.001)
nesium (Mg) ==-=m-=cmmm e cm e —a 4 Nickel (Ni) ~---=eemccocccmcaecacean ND(0.04)
Bride (Cl) =reon—wmssncn snmsmmene o 34 Nitrate (as N) =---==-=mmecmcceccc—-= ND(0.01)
Ifate (SO ,) ~=—cmmrmmcmmen. e ——-—— 800 Nitrite (as N) ~~———rrmemremccceeaan= ND(0.01)
rbonate (CO. ) ~===resmcwcuena sencewaaas 24 Selenium (S@) ==--=—~c-cmmmccmcenns~ ND(0.01)
BOEROna L (B0 J v msin omis misasimuuim 98 zinc (Zn) ======== e ND(0.01)
¢ UNILS ~=mmen B i s oy sl 9.2 Molgbdenum (NO) =~~====—sesessmmacen ND(0.05)
sminum (Al) - camameamae= ND(0.05) yvapsdium (V0 ) ~=--~sssmsmcocesnne ND(0.05)
nonia (N) -~ SRR - O~ Uranium (U 6 i ____________________ -~ ND(0.001)
SONIC (AS) ~==mmmrmemane - —————————— ND(0.01) 38

fum=-22 B BT o i o e e e i 3 el A v o g 2 ol SIS s e A AR A 7:120.3
A g e g S R T R A T T 2.8¢1.7

EIamE 2305 PELIR = rmmrsis o S i e ta s ity 4 55 0 e

: Not detected at level yiven in parentheses.

Radiochemical by Core lab., Albugquerque, WM.

ve tests were made in accordance with Standard Methods, 14th Edition, 1975, ASTM, WQO and

methods.,

MICAL & GEOLOGICAL LABORATORIES




CHEMICAL & GEOLOGICAL LABORATORIES

P. O. Bex 2794
Casper, Wyoming

ANALYTICAL REPORT

b From
Address
Other Pertinent Data

Analyzed b
.» YA v Y

Product water
............. September 13, 1978
Date September 30, 1978 . No, . 28749-1

WATER ANALYSIS

e e .

Bison Basin, Wyoming

303-6-P-16 Interval "D"

Sample taken September 13, 1978

mg/1

tal dissolved solids (calculated) ---- 1429
tal dissolved solids (observed) ——-—=--- 1458
tal sus pended s0lids ~r-—ccmmm e 3.8
wductivity, micromhos @ 68°F, ~=—===== 1740
tal alkalinity as CaCO_ ~==——mm=mmmmm= 141
! ha-dness as Caco e i g e i 97
dium (Ra) (cdluulatm;) ——————————————— 436
fium (Na) (observed) ---——=——= e 429
bassium (K) -====-mcmmcmmm a7
Jcium (Ca) —~=——=mmmm e 32
wWsium (Mg) === e 4
'&rlth? (C1l) ~=—=~=mmmmme e~ 36
T i A e ——— & |1
fbonate (€O ) ==——s-smcacamanmmscasans J&
rarbonate (ﬁCO ] e s e e —— 98

NIt —=sm=- it e o e i rpsieon 9.3

FTTT 7§ 8 PSR ——————— e - [ {1 77

BADG (RG] osiresosiaiidmran i woriom i wsiseia; NP 0L )

ium-226, pCi/l
rium-230, pCi/l

= Not detected at level given in parentheses.

methods,

MICAL & GFOLOGICAL LABORATORIES

P vovis

ing/1

Boron (B) =—===r--emmmm e ND(1.0)
Barium (Ba) ~--~~==cme e e KD(0.05)
Cadmium (Cd) —====—==smmmmmmm e ND(0.002)
Chromium (Cr) —=--=-—==-—===-cmmemmeeu ND(0.01)
Copper (Cu) —=--==—=mmemmmemmmeeeen ND(0.01)
Fluoride (F) -=======cmemmmm e 0.80
Iron (Fe) (total) -~--=-—=ccmmeeeu== 0.02
Lead (Pb) =~-===--cmemccccceccm—n———— ND(0.05)
Manganese (Mn) =—-————m—mmeemm————— ND(0.01)
Mercury (Hg) —-—====cmmmem e e ND(0.001)
Nickel (Ni) ---=—=mimmcmm e e ND(0.04)
Nitrate (as N) —=——=—cmmmmmcmmmeeam 0.16
Nitrite (as N) -=~—---cmcmmcmenanaaaa KD(0.01)
Selenium (Se) —=-==——mm oo e KD(0.01)
Zinc (Zn) =—~=—=—cmmmme e e = ND(0.01)
Molybdenum (MO) —=--======m-mmmm——n= ND(0.05)
Vanadium (V0 ) ~~—==-—-ommmmmmm———— ¥D(0.05)
Uranium (U 5 ? ——————————————————————— ND(0.001)
38

------------------------------------- 10.5:0.4
—————————————————————————————————————— 1.4:1.2

Radiochemfcal by Core Lab., Albuguerque, KM.



CHEMICAL & GEOLOGICAL LABORATORIES
P. O. Box 2794
Casper, Wyoming

ANALYTICAL REPORT

From OPI-Western Joipt Vepture . . . . . . Product MERRE.: ... civicusiviiomt it
Address Casper, Wyoming. . . ... Date.. ... September 5, 1978
I P O SN SN L R ) IR e a8
Anslyzed by Staff Dste  September 30, 1978  \ab No. .. 28612-3
WATER ANALYSIS
Bison Basin, Wyoming
303-6-P-19 Interval "D"
Sample taken September 3, 1978
mg/1 mng/1
otal dissolved solids (calculated) ---- 1395 Boron (B) -====—=m=mmemaemm e — e ND(1.0)
ptal dissolved solids (observed) -----= 1348 Barium (Ba) -—-—~==m—mmm—mmm—mm—e———— ND(0.05)
btal suspended solids =-s—==sssmessnnma 6.5 Cadmium (Cd) -=~======= e —— ~-—==ND(0.002)
nductivity, micromhos @ 68°F, ---=--=- 2080 Chromium (Cr) —--—=—======m=====co-= KD(0.01)
ptal alkalinity as CaCO3 —————————————— 113 Copper (Cu) =========m=—me=====c—=--= ND(0.01)
al hardness as CaC0O, Sw==c—mw—ecvcceccs 123 Pluoride (F) =o-==mecsnevovcnnmsaies 1.09
odium (Na) («.'('ilculdtng) ---------------- 412 Iron (Fe) (total) =—--============-= ¢.02
ium (Na) (observed) =----——====—=—————=- 441 Lead (Pb) —==—m——m—meemmmmmm e ND(0.05)
BRagsium (K] =w=———ewnommsnnn e —— 14 Manganese (Mn) —---=======c-cs-e-==== ND(0.01)
BCIUM [CR) =rmrm e ooy sn i o o v 49 Mercury (Hg) -=-=====m==mecosmac==<= ND(0.001)
gnesium (Mg) ====em=m—meceseconmaoenene 0 Nickel (Ni) ---—-=-—=smmmmmeeence——= ND(0.04)
oride (Cl) ~——==———=mccmemmmm e m———— 52 Nitrate (as N) —---=—-==m=m=mesee——== 0.16
1fate (SO ) ~——————mem—mmmmmmm e 820 Nitrite (as N) --=—===—=—=-=e=ccc=== KD(0.01)
rbonate (CO_) ———==mmmree e e 24 Selenium (Se) -—~—~=——w=—m=m———==== -= ND(0.01)
i carbonate (}3CO ) e 0 Zinc (Zn) ==-==———memmmmmemecosa———— ND(0.01)
L UnEER e B e i o e 11.3 Molybdenum (Ho) =—=--=--==m=m=m======= ¥D(0.05)
uminum (Al) ~——~—csmecmemme— e s —m——— RD10.08) Vans@ium [V 0 ) = rnmamimy s siommsmnss ND(0.05)
bonia (N) ~—=——==memmeree s menmm—nna—= (.25 Uranium (U35 i ----------------------- 0.004
Senic (AS) ~—==mmemm e ND(0.01) iydroxide (()i?) —————————— R i 24
B AT um=-226, PCIJL ====mmmmmm o o o e e o s oS m s Sm s mossoosomoss 18.040.3
------------------------------------------------------------------- 040.5

woriva-230, pCi/l

)

bove tests were made in accordance with Standard
C methods,

= lot detected at level given in parentheses.

iEMICAL & GEOLOGICAL LABORATURIES

B LA,

E. Davis

REMARKS :

Radiochemical by Core Lab., Al. usquergue, HM.

Methods, 14th Edition, 1975, ASTM, WQO and

Hydroxide present.



3 S CHEMICAL & GEOLOGICAL LLABORATORIES
3 P. O. Box 2794
Casper, Wyoming

ANALYTICAL REPORT

p From . OPI-Western Joint Venture . .. .. Produet .. .. . .. WALERE.. ............oovcemsenieonssnsus o
Address Casper, WYoming. . . ... T Fophemben 1R ANE ...
OINer Pertinenl DIaE ... iiiin s cianarinsrssaie: <rnvseisessemssas s AR sroR R RaA SRS SHaRe s s L SESRSR SRR RS FrAARRRE e uAR AR SRS S0

) Anelyzed by Staff Oate.. Toptorber 30, 1998 _téh .. T8003

WATER ANALYSIS
Bison Basin, Wyoming
J 303-6-P-22 Interval "D"
Sample taken September 13, 1978
mg/1 mg/1

' ’ . ' s

ptal dissolved solids (calculated) ---- 1441 Boron (B) ~=====mmmemm e D ND(1.0)

ptal dissolved solids (observed) ~=---- 1486 Barium (Ba) =~-———-==rmmmmm— e ND(0.05)

ptal suspended solids --=~———=smemeee—= 312 Cadmium (Cd) ——=—===—=m=mmmmrmmmiem = | ND(0.002)
pnductivity, micromhos @ 68°F. ~----—== 1850 Chromium (Cr) =--===-====cmecmeam——— ND(0.01)
ptal alkalinity as CaCOJ -------------- 80 Copper (Cu) —=-—==—=m-mmemmm————— -~- ND(0.01)

Ral hardness as CaCO, “=——w=commmnmnen 89 Fluoride (F) =-===—=m-mm=remeenae——— 0.70

pdium (Na) (rfalculatn(;) ---------------- 434 Iron (Fe) (total) ---=====m=c=e- === 0.02

pdium (Na) (observed) ---==-==--- —————— 437 Lead (Pb) -—=-——-=rmmmmm e e ND(0.05)

btassium (K) =-====-===mmmmcammcccan——a— 10 Manganese (Mn) ----=-======-=meeeca-= ND(0.01)
pPicium (Ca) ~———=wermrmmcaasansasanensan 29 Nercury (Hg) —-—~~=r~—swwecocacecnnsns ND(0.001)
dgnesium (Mg) =—=--=====emmee— e —————— 4 Nickel (Ni) -------- - o e o e i ND(0.04)

‘oride (o0 B 36 Nitrate (as N) ~—=-—===-meecmmeeee-- ND(0.01)

plfate (S0,) ~——-==ccmcmccmcn e — e ———— 880 Nitrite [as N} o——rm—mmes s ie s ND(0.01)

yrbonate (30 ) s s cne e b s e 18 Selenium (S8) =+=—~-==r=srssmnsenmnuns KD(0.01)
carbonate (i’COJ) ————————————————————— 61 Zinc (Zn) ---—==-=emmmmmececcnocao—a ND(0.01)
¥, UNILS ~=-=m T e 9.5 Molybdenum (MO) ==-=======-===-c--== ND(0.05)
nm)'num (Al) = e ND(0.05) Vanadium (V_C_) ----======mecamme——— ND(0.05)
monia (N) ~=--—===  cem——- e 0.10 Uranium (U368; ————————————————————— -~ ND(0.001)
Esenic (A§) -——=——=mmseeca o i Sy i, et ND(0.01)
dium-226, PCIJl === o o e e e e e e oo 23.7:0.4
____________________________________________________________________ 0*0.5

yorivm-230, pCi/l

) = Not detected at level given in parentheses.

ove tests were made in accorlance with &1;)@;1;_(1___)!_:.1@_{29{15., ¥4 ;4 g

'C methods. 4

o

EMICAL & GEOLOGICAL LABORATORIES
270 .

DY,

O bavis

Radiochemical by Core Lab., Albuquerque, IM.

‘on, 1975, ASTH, WQO and



CHEMiCAL & GEOLOGICAL LABORATORIES

P. O. Box 2794

Casper, Wyoming

ANALYTICAL REPORT

From OPI-Western Joint Venture
Address
Other Pertinent Data

Analyzed by

WATER ANALYSIS

Bison Basin, Wyoming

303-6~-P-31 Interval

Sample taken Septembor 13, 1978

mg/1

Btal dissolved solids (calculated) =---- 1406
otal dissolved solids (observed) ------ 1428
otal suspended solids -=~==~—===——eec-= 2.9
onductivity, micromhos @ 68°F, ~------= 1750
Btal alkalinity as CaCl, ~==—=——<ro—ucas 36
gtal hardness as CaCoO " H—— 103
odium (Na) (Ldlculitc—‘g) ———————————————— 425
odium (Na) (observed) ========—smm=ac=s 424
ptassiom (K]} =—-—=r=cermmmmamemnasascns 7
Ricius [Ci) =+t-r=srevsinsnarsaananresns 36
agnesium (Mg) -—==-====—ccem—————————a- 3

oride (Cl) -~-====wmwcccmemeccae e 34
ulfate (SO,) ——~-===cmeemecemm e ————— 820
arhonate {[(C0,) =—==sswecmmmanannnaswaas 30
icarbonate (i’CO J ot o ot e o ol oo e 104
H, units ------ SRR E— 9.2
Quminum (Al) ~==m—=—creneanamannasone e ND(0.05)
q0nia (N) ————mmmmmmm e e 0.1¢
senic (As) --- TS SR o— | [ N ¥

diua~226, pCi/l
woriuvm-230, pCci/l

= Not detected at level given in parentheses.

Date
"D”
mg/1

Boron (B) ==c=rremvamsonnennneneme. ND(1.0)
Barium (Ba) =====—=-=memcmcmcamca——— ND(0.05)
T TR = ) R —— ND(0.002)
Chromium (Cr) ==-===—ee-ecsaceceesn= ND(0.01)
Copper (Cu) -=-——==—===mme—mmee————= ND(0.01)
Fluoride (F) =~==-=--=e=mmenaccne——- 0.80
Iron (Fe) (total) -—-=—~=—=-=meomem=s== 0.02

Lead (PD) ==—=mmmemmmiean e nm————— ND(0.05)
Manganese (Mn) ~-==—=-==scmmeccccces ND(0.01)
Mercury (Hg) =--~===c=-=mcmem——————— ND(0.001) \
Nickel (Ni) ~—=—==mmmom e e m ND(0.04)
Nitrate (as N) ————-———-mmmeccema——— 0.26
Nitrite (as N) —=—==e—mcmemmmenm——— ND(0.01)
Seleniuf (Se) —=—===—mm—mmmmcm—————= KD(0.01)
Zine (Zn) ==-===m=mm= mmmeemm——m—a= ND(0.01)
Molybdenum (MO) ---== ======m==———-- ND(0.05)
Vanadium (V_0 ) ~=—===mmmmmm— e ND(0.05)
Uranium (U 6 ? ————————————————————— KD(0.001)

38

o o o i e e e e e A B e 419.340.4
--------------------------------------- 6.742.3

Radiochemical oy Core Lab., Albuquergue. WM.

Lbove tests were made in accordance with Standard Methods, 14th Edition, 1975, ASTH, WO and

C methods.

PLMICAL & GEOLOGICAL LABORATORIES

2 .
[ DY
@ E. Davis

— SRS
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CHEMICAL & GEOLOGICAL LABORATORIES
P. O. Box 2794
Casper, Wyoming

AMALYTICAL REPORT

J OPI-Western Joint Venture . Product ... .. Water
Casper, Wyoming . . . Date September 30, 1978 . ... . ... ...
MRS PRTBRBI DBIE . o oieesiissamis errertssdsasaes. Sosonsete eassenl st st bt eem st e o
' Aralyzed by Staff Date October 30, 1978 1asb No 28938-1

WATER ANALYSIS

Gt A A a ety

» Bison Basin, Wyoming
303-6-P7
Sample taken September 28, 1978
mg/1 res

I
Total dissolved solids (calculated) ---- 1631  poron (B) e e ND(1.0)
rotal dissolved solids (observed) ——----- 1612 Barium (Ba) —-——==mmmmm e ND(0.05)
Total suspended solids ~———==——-—mmmeeua 1.9 Cadmium (Cd) —=——=-====crmeceee————- ND(0.002)
fonductivity, micromhos @ 68°F. ----- —-= 1785 Chromium (Cr) =-—==-—==m=—=—— e m————— ND(0.01)

tal alkalinity as CaCO, —======—c—eu-= 130 COPPEE [033) = momimmosmmammmiin i s o i ND(0.01)
Eta} hardness as CaCO, “~~-=-cvmcacacaa 50 FROOTIAR (] ~==vwmrrmeim e 1.20
Sodium (Na) (Calculateg) ——————————————— 517 Ifron (Fe) (total) -——ememecmcacscsaiss ND(0.01)
fodium (Na) (observed) -———====c-mmmmaa— 480 Lead (Ph) ~——-=cmmmmm e e e ND(0.05)
Fotassium (K) ———====m=mcem e 13 Manganese (Mn) ———-———-mm—memmemmm————— HD(0.01)
"alcium (Ca) ==—===——m e 12 Mercury (Hg) —=====—==meeoemenane— VD (0.001)
onesium (Mg) —====—=-cmm e 4 Nickel (Ni) —-—=--cmmmmmm e e ND(0.04)
ql“"““-’ GLLAD. 500 it ot s o o e it s 3 g 32 Nitrate (as N) -——=—=—=m=—mececaema——— 0.03
Sulfate (S0,) -=---===- - b -~ 975 Nitrite (as N) =---—-=-ceemceeene-—-= KD(0.01)
"farbonate (éO e 36 Selenium (S@) ======mcmm—————————— - ND(0.01)
Bicarbonate (ﬂco ) meemm e 85 Zinc (2n) -~-====——mcemcccm———————— ND(0.01)
D, units i s B e mertin e ok e e e 9.5 Molybdenum (MO) =======m==mm=meme———- ND(0.05)
'uminum FALJ = o oot i oot sy o o o s e g i ND(0.05)yanadium (VO ) ~=—mmecncan— T KD(0.05)
mnonia@ (N) ===== =eceee= - R e AR e 0.07 Uranium (U 6? ——————————— o g o e 2 ND(G.001)
rscnic (AS) -~-——==memecmceccnecaeeeee ND(0.01) 8
adium=-226, PCiJl ~=—====— oo e e 10.2:0.3
horium=-230, pCi/l ~ === e e e e e e e e e e 14.6:5.0
.

D = Not detected at level given in parentheses.

Radiochemical by Core Lab., Albuquerque, WM.
& Ecology audits, Inc., bDallas, TX.

bove tests were made in accordance with Standard Methods, 14th Fdition, 1975, ASTM, W20 and

EC methods.

HEMICAL & GEOLOGICAL LABORATORIES

G

®:. Lavis

OFIVIES i € JCuia T VEHTURE

12-20-72



CLi-10
' " . CHEMICAL & GEOLOGICAL LABORATORIES
' P. O. Box 2794

Casper, Wyoming

ANALYTICAL REPORT

D rem OPI-Western Joint Venpture . .. . Product .. .. ... WAL . . ... ‘
Address Casper, Wyoming . . ... ... . Date.......September 30, 1978 ..o
Other Perlinent Data e s e A §3 52 e A e i B Svvsrans vkl SRRSO Jes e eoR S S ’

D Anslyzed by . . . Staff SR Date . October 30, 1978  |eb No.28938-2

WATER ANALYSIS
> Bison Basin, Wyoming
303-6-P16
Sainple taken Septenber 28, 1978
mg/1 mg/1

. |

rotal dissolved solids (calculated) ---- 1661 BOoron (B) =--=e-=-=mcmmmme——ac—————— ND(1.0)

Total dissolved solids (observed) =----= 1620 Barium (Ba) -==-==m==mmmmm——m—m————— ND{0.05)

fotal suspended solids ~-<=~=~-==== So v 2.6 Cadmium (Cd) --—========--scmcnmca== ND(0.002)

ronductivity, micromhos @ 68°F. ======-= 1850 Chromium (Cr) -—--========-—====c=== ND(0.01)
ﬁ)tal alkalinity as CaCO, ----=-======-== 130 Copper (Cu) =-~=-====m==memcces==con= ND(0.01)

Potal hardness as CaCO, =~==~m==c—=s=ce= 87 Fluoride (F) =========m==s=e=mc=—c-= 1.20

Sodium (Na) (cd)c‘ul.';teg) ----------------- 511 Iron {Fe) (total) r—-r==== Fas ey e ND(0.01)

Eodium (Na) (observed) =-—=~=r=weswemmas 485 Lead (Pb) ~-—==-==m=mmmccccmccme=aa= ND(0.05)

Potassium (K) ----=--===-==o-ss=sossssses 11 Manganese (Mp} ===m-ee==essesssscmes ND(0.01)

PRACTun. JRR)  wrmrmwosmnd dobenin g e 25 Mercury (llg) ~========-=-cssss=ce-== ND(0.001)

BOCEE G0 SMGE] it o den i i s s s sevmsh o 6 Nickel (Ni) --======mm====== o o o ND(0.04)

Chloride (€C1) ~---- e e e e 30 Nitrate (as N) ==er==resessssssssess 0.39

Sulfate (S0,) ~=-==--=m======" e 1000 Nitrite (a8 W) ==—sr=wrsveimassussnn ND(0.01)

Parbonite (C0 ) =e——wwwmnsemansen e e 36 Selenium {S@) ==vrronmersssssnsaans ND(0.01)

picarbonate (ISCOJ) --------------------- 85 Zine (2n) —~—==mmesssscescscssmaccne ND(0.01)

pH . UNIES ~—=mem o s s m e m e e 9.2 Nolybdenum (NO) «=+==sswenwessmusns=s ND(0.05)

ERBREnUm, [AL) - r e A ND{O.05Wanadium [V 0,.) —=—=r=essessrsccsnsa ND(0.05)

Ammonia (N) ======mememmemeesss s nm—an 0.10 Uranium (Ujse; ****** P w5 S ND(0.001)

Arsenic (AS) ---—-—=wmmmmmeeee=eese-ce==  ND(0.01)

Radium-226, pCifl ------ e e e e e e M S eSS e e s S esssseSesssssmssss 7.0:0.3

rhorium-230, pCifl =—===--- o i e e T 6.6t2.9

& :

ND = Not detected at level given in parentheses. Radiochemical Ly Core Lab., Albuquergue, ~M.

& Ecology Audits, Inc., pallas, TX.

Above tests were made in accordance with Standard Methods, 14th Edition, 1975, ASTM, WQO and

ALC methods.

®
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CHEMICAL & GEOLOGICAL LLABORATORIES
P. O. Box 2794
Caspor, Wyoming

ANALYTICAL REPORT

From . OPI-Western Joint Ventyre ... ... . .. PrOdUEt e i HARBE e neineriensiasin aiinns

Addiess .. Casper, Wyoming .. R ersp e Date .. ... Septomber. 30.. 1978........cn..... e

ERTE PRTRBEIE DI ... i srenmiaby e eni oo brtras bab s snn sl on o A SR FER ARG S AR AR RSB AN R 43 Srl » s SRR EARS By SRASEREI RN S, B
nalyzed by . . Staff Date .. October 30, 1978 lsb No. 28938-3

WATER ANALYSIS

Bison Basin, Wyoming
303-6~P1%
Sample taken September 28, 1978

iD = liot dutected at level given in parentheses. Radiockemical by Core Lab., Albuquerque, hM.
& Fcology Audits, Inc., Dallas, TX.

bove tests were made in accordance with Standard Methods, l4th Edition, 1975, ASTM, WO and
EC methods.

leLMICAL & GEOLOGICAL LABORATORIES

mg/1 mg/l

Total dissolved solids (calculated) ---- 1603 Boron (B) -=-====--mmmeem e —— ND(1.0)
Total dissolved solids (observed) ------ 1560 Barium (Ba) =-~-===m=mmmmmm—m e ———— ND(0.0S)
otal suspended solids ~~——===-==mm==e-e 3.4 Cadmium (Cd) ==-=--- o 0 e AR ND(0.002)
onductivity, micromhos € 68°F. ~--==--= 1750 Chromium (Cr) ==-====m=m==m————————— ND(0.01)
otal alkalinity as CaCOJ —————————————— ~-= 131 Copper (Cu) ——=——=mmm=mmemm=m——————— ND(0.01)

tal hardness as CaC0, ==~=—=-======-ce 155 Fluoride (F) —==--==m=m====mmmme=z= 1.05
odium (Na) (calculateg) ——————————————— 465 Iron (Fe) (total) —--—----- e ND(0.01)
Sodium (Na) Jobserved) ==~======——moc——- 442 Lead (Pb) —--wme==mm=mm—e———— e ————— ND(0.05)
ptassium (K) =-=—esmewsecsoccmcosnmmnsas 16 Manganese (Mn) =--=—-==--=-==—mm-==-= ND(0.01)
dlcium (Ca) ==r==memrmmmmem e -——————— 62 Mercury (Hg) -=-=====s-ss-emeesccecs== ND(0.001)
Bagnesium (Mg) —--—-===smmcmm——— - 0 Nickel (Ni) —-===-m-mmmmmmm—emmm———= ND(0.04)

loride (Cl) ---==—==== o e ———— 40 Nitrate (as N) ---—-mmmmmme—mem———a= 0.37
ulfate (SO,) ---=-- e e 960 Nitrite (as N) —--mme=mmmmmmm———mene= ND(0.01)
arbonrie (CO_.) —==—mmmmmmcm s e 36 Selenium (S@) =n=-——s=resssemannonmess ND(0.01)
icarbonate (13(_’0) ————————————————————— 0 2inc (Zn) ——=-=—m=mmmmm—m——e mm ND(0.01)
H, units —-=---- S e et e 5 e e s 11.4 Molybdenum (MO) ==—====m==mm=mmm=m== ND(0.05)

uminum (Al) —===~-~ —— - e ND(0.05)yznadium (V_O ! e e v e s s ND(0.05)
moonia (N) ~-==smmmmecanencemsomsmnm——— 0.10 Uranium (U 6 7 ——————————————————————— ND(0.001)
rsenpic (As)] ——=<=—srmsrmmramramssnns e ‘.‘;D(O’Ol)h'gd[oxtide ?09) oo vy e s -l i
adium=226, PCIiJl === == e e e e e eSS S m eSS SmSmsmsms s memeees 9.5+0.3
horium=-230, PCiJl ~====m - e e e e e e e eSS S S S S eSS S s S SsmsSmmmsssmEmmT 6.123,1



CHE..ICAL & GEOLOGICAL LABC.<ATORIES

P. O. Box 2794
Casper, Wyoming

ANALYTICAL REPORT

From OPI-Western Joint Venture . .. ... Produet.. . ... .. WAL, .. .......iveurcsmmsinmmissssrssassons
Address Casper, Wyoming. . . . ... . ........... Date......0ctober 7, 1978 . ..o
Other Pertinent Data S o s R et s i S i syt b e S0 SRR ESS S SRRSO TS (85 0
Analyzed by Staff Date .. October 30, 1978  (ab No, .. 29020-2 ]
WATER ANALYSIS
Bison Basin, Wyoming
303-6-P22 Interval "D"
Sample taken Oc'ober 6, 1978
mg/1 mg/1
otal dissolved solids (calculated) ---- 1587 Boron (B) ———=-=rmmmmm e e e ND(1.0)
Total dissolved solids (observed) -—----- 1499 Barium (Ba) =~——===—m—mmmm——m e ND(0.05)
Total suspended solids ~---=---- i 4.8 Cadmium (Cd) =----- e ————————— e ND(0.002
Conductivity, micromhos @ 68°F. —~——--—-= 1900 Chromium (Cr) =-—-—=-==-==—=m=e=c—————— ND(0.01)
gotal alkalinity ag CRCO, —=~=~s<waumcas 110 COpPRE (L) = sresnommsrammyani st ND(0.01)
otal hardness as CaCO, =-—=<-=—=mcecann- 97 Fluoride (F) —--—-—=-mm=mmm=mm—————— 0.98
Sodium (Na) («-alculateg) ——————————————— 482 Iron {Fe) (total) =~-==~r=srpres=ssxs 0.01
Sodium (Na) (observed) ~=-—-=-===mmeemo—s 468 Lead (Pb) —==-==m====mmcm———m - KD(0.05)
TOENSSI U (B) »——rsromanss i ey Koot 9 HADQaNesE (Mng =r=res-mcsansnmnes 0.01
BRI E RN, [UB ool s oo o o s s o o vt 29 Herculy [Hg) =r=es<erssmnmminnmin s KD(0.001
Magnesium (Mg) ---=-==-===mmmceeeee——a 6 Nickel (Ni) =========e=ceeomcecac-cs ND(0.04)
hloride (Cl) ~-=~=-===ccemmececae——a——— 30 Nitrate (as N} =~~===—=ee-sssmusvean ND(0.01)
Sulfate (SO,) —===-==-=ocosocmsoomoooooe 965 Nitrite (as N) —=-=-=-ceem=emacee—o-= 1D (0.01)
Carlbonate (CO_ ) —~==---==—o-memmcmm e 36 Selenium (Se) =~-~==~m—em-ccecscnces ND(0.01)
Bicarbonate (nCOJ)~ —————————————————————— 61 FIDE (BN oo i eSS a - ND(0.01)
R o AT IR, oo s o o iy e S s B - 9.5 Molybdenum [Mg] ~=+=sreosenessssmsss ND(0.05)
Aluminum (Al) -=== =——rmmmm e —— = ND(0.05kanadium (V 0, ) —==---mm==—ememm———— ND(0.05)
mmonia (N) ~—-=-==e-ccmearmm e eeeeee (.20 Uranium (UJBB; ---------------------- ND(0.001
Arsenic (AS) ---v-—mcmmmmmemencmameaeeeea  ND(0.01)
Radium=226, PCi[J] ~=m=mmmmm e mmm o oot e e oo m e . s
Thorivm~230, pCifl ==s==mebnncmina o e ey e = it pgel g iy e

D = Kot detected at level given in parentheses.

Radiochemical by Core Lab., Albuquerque, WM.
& Ecology Audits, Inc., Dallas, TX.

Above tests were made in accordance with Standard Methods, 14th Edition, 1975, ASTM, WQO and

AEC methods.
-

CHEMICAL & GEOLOGICAL LABORATORIES

. E. Davis
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From . . OPI-Western Joint Venture
Address
Cther Pertinent Data

Anslyzed by .. . Staff

.........................................

CHEMICAL & GEOLOGICAL LABORATORIES

P. O. Box 2794
Casper, Wyoming

ANALYTICAL REPORT

leb No, .28687-3

e

WATER ANALYSIS

Bison Basin, Wyoming
303-6-P-31 Interval "D"
Sample taken September 26, 1978

methods.

{EMICAL & GEOLOGICAL LABORATORIES

= Kot detected at level given in parentheses.

ng/1 mo/l
otal dissolved solids (calculatod) =---= 1363 Doron (B) ===me=em=- e ————— e ND(1.0)
otal dissolved solids (observed) ------ 1336 Barium (Ba) =—-—-=====——mmm———— e ND(0.05)
otal suspended solids ~-~—~—===—cecce—a - Cadmium (Cd) -===-=====-mm—mmmemm——em ND(0.002)
onductivity, micromhos @ 68°F., ——====== 1825 Chromium (Cr) =-—======--m==rme—————— ND(0.01)
tal alkalinity as CaC03 -------------- 116 Copper (Cu) =~-=-====m=m=mmcmceceeca-a ND(0.01)
al hardness as CaCO, =====s—emcecmcan—e 111 Fluoride (F) -=-==—=——=s=cmmmemca———— 0.98
odium (Na) (calculatog) ——————————————— 406 Iron (Ce) (total) ---=---== o e e ND{(0.01)
fium {Na) {(observed) =====—-=—ommccuc 406 Lead (Pb) ~-===—=s-meemem e e ND(0.05)
otassium (K) ---- o e g o R o e e 7 Manganese (Mp) =~-==-=====-sermsesec-= ND(0.01)
alcium (Ca) ~——————mmmmm e 31 Hereury (Hg) ==-==re<orsoxssrmssins ND(0.001)
gnesium (Mg) ~===--=s=sscme-cccccano-a 8 Nickel (Ni) =--==-=mmemcemmccccec—a=a ND(0.04)
Oride (Cl) rm——sSevemanssatsdon s mom e 32 Nitrate (as N) ~---==c-cm-rmeceaaca=- ND(0.01)
ulfate (SO,) —=-===—=mmmm=m———— e e 810 Nitrite (as N) ==--mm=mm=m=mm—em———a ¥D(0.04}
Fonate [(E0. ] s=remmecenencnemirusw e 18 Selenium [Se) —=-=—=—=sesnconscsnsnns ND(0.01)
icarbonate (ﬁco ) ——mmr e 104 Zinc (2Zn) =—=—==--memmemm e e ND(0.01)
T T S ——————— 8.8  Molybdenum (MO) ~=-=--=-=eemcmmm=mm= ND(0.05)
minum (Al) ~—=--===ccssmcem—a————— ND(0.05)Vanadium (V_0_) ~--===-=r-==c=—=mea-= KD(0.05)
wnonia (N) --- e et N 7 PO & Uranium (0368? i a5 0.005
Senic (A§) ~—————mmmmcmmmmme e o ND(0.01)
dium=-226, POiJl === e e e e e e e m e m e s ss s —mssss s sceoe s 335+0.3
RAEEERERD = TR o0 TR G - | oo s om0 o oo e S e Sl e e e e S e G o N R R e T 10.0+4.6

Radiochemical by Core Lab., Albuquerque, KM.

hove tests were made in accordance with Standard Methods, 14th Edition, 1975, ASTM, WQO and

wosihod i o e
: (LI paey
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CHEMICAL & GEOLOGICAL LLABORATORIES
P. O. Box 2794

Casper, Wyoming
ANALYTICAL REPORT

From OPI-Western Joint Venture . podoet. . .. Water. .
Address . Casper, Wyowming ... ... . .. . Date . ... ... S October 14, 1978 . . ... ..
ARG PRIBRER DBIE . o oo sioiacr sessimmnsssioaso e ses s oism ok b o ko b b Bas b E s imme it s Soae T s o AR oo e St e s s R
Aralyzed by . Staff . Date October 30, 1978  lab No. .. 29096-2

WATER ANALYSIS

Bison Basin, Wyoming
303-6-P-7C Interval "D"
Sample taken October 12, 1978

mg/1 mg/1
Total dissolved solids (calculated) - 1438. Ammonia (as N) ~--cececeecmccacoaa 0.22
Total dissolved solids (observed) --- 1400 Iron (Fe) -~--c--e-ccmmcccecccaca= ND(0.01)
Sodium (Na) (calculated) -------ce-ca 452 Lead (Pb) ~--ccommmmmccc e ccccaees ND(0.05)
Sodium (Na) (observed) ----—cceeaao-a 437 Nitrate (as N) ——--cccmmmomm e ND(0.01)
Potassium (K) ----ccmemmmmmmc e 9 Nitrite (as N) ------------=eu---= ND(0.01)
Calcium (Ca) ~~~--==== e 18 Selenium (Se) --=---=cue-- e ——— - ND(0.01)
Magnesium (Mg) -—-—--rmmmm e 3 Zine (Zn) -=-eeccwsiccicacnanasns - ND(0.01)
Chloride (Cl) --~--mcmmmm e 34 Uranium (U,0.) —---cccccmcnmncacaa ND(0.001)
BRIEAEE FOALL wovvimoreririswndrainin 850  Conductivilyomicromhos@68°F. ----- 1775
Carhonate (80 ) 36 Total alkalinity as CaCO3 ———————— 120
Bicarbonate (gco3) i o ke - 73 Total hardness as CaCO3 —————————— 58

pH, units - e 9.8

Radium-226, pCi/l ~- e e em e mm e e 2.2+40.4
Thorium-230, pCi/l -~ -~ e e e e 0.6+0.7

Radiochemical tests by:
HD = Not detected at level given in parentheses.
Above tests were made in accordance with Standard Methods, 14th Edition, 1975, ASTM, WQO

and ALC methods.

CHEMICAL & GEOLOGICAL LABORATORIES

— i p—————

C. E. Davis




C

CHEMICAL & GEOLOGICAL LABOﬁATOR|ES
P. O. Box 2794

Casper, Wyoming

ANALYTICAL REPORT

From OPI-Western Joint Venture ... . . . . Produet ... .. ... Water. . . .. .oorrirmmimmaminiimiionn
Address Casper, Wyoming. ... ... BRI sy October 20, 1978 . ...
BOITRRE: PUREIN B NI oo Mairrs axiiss shodinerrnionsons thimssis s e avsosant SRR S s A SRRSOt e S eass e
Analyzed by Staff Date. October 30, 1978 (sb No, .. 29153-1
WATER ANALYSIS
Bison Basin, Wyoming
303-6-P-16 Interval "D"
Sample taken October 19, 1978
mg/1 ng/1
lotal dissolved solids (calculated) - 1331 Anmonia (a8 M) ~~—~ernamecssnsemne 0.15
Total dissolved solids (observed) --- 1338 Iron (Fe) --=-—=--cecceccccccancca=n .13
Sodium (Na) (calculated) -------—cc. 405 Bl (RB ) sr e nanmnwmmmmnc s ND(0.05)
Sodium (Na) (observed) -------c-uao_a 320 Nitrate (as N) -—-ccemcmcccccaanaa. ND(0.01)
Potassium (K) ----ccemmcmmcnacecce. 8 Nitrite (as N) -—--cemmmmcmmcaam ND(0.01)
Calcium (Ca) - ~~-emcmmmmcee e <9 Selenium (Se) --~=-=un-- Femmm— - ND(0.01)
Magnesium (Mg) ---~-c-ccmmeeeees 5 Zine (2n) -—--~mmmmm e ND(0.01)
Chloride (Cl) --=--v-mmmmmm e 30 Uranium (U 08) ——————————————————— ND(0.0901)
Sulfate (soq) ——————————————————————— 770 Conductivigy,micromhos@68°F. ————— 1750
Carbonate (C0.) ~~-~cememccamaman . - 36 Total alkalinity as CaCOy -------- 181,
Bicarbonate (RCOs)' ----- hmepand 2 f e e 98 Total hardness ‘as CaC0, =--------- 143
pH, units el el 9.0
Radium-226, pCi/L s e e e 8.7+0.4
Thorium-230, pCi/Y ---=i=--=-l. B 1.0+0.7

Radiochemical tests by:

ND = Not detected at level given in parentheses,

Above tests were made in accordance with €tandard Methods, 14th Edition, 1975, ASTM, WQO

and AEC methods.

CHEMICAL €& GEOLOGICAL LABORATORIES

5. Davis
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{
CHEMICAL & GEOLOGICAL LLABORATORIES

P. O. Box 2794
Casper, Wyoming

ANALYTICAL REPORT

From OPI-Western .JQ.i“t...Y,e.’?t.‘f‘!’.e.........u...........,....Produd ................. BN ..o oot
Address Casper, Wyoming .. ... .. Date.. .........ccccruvevivenns October 14, 1978 .
Other Pertinent Data st T P AR RIS IS S SSGI ST PI T S sdeyims i R0 - SR SR T S R AR :
Anslyzed by . Staff .. Dse_ October 30, 1978 |4 No, 290963
- = — ——— = —— — ——— e e e e e e e e e B e e — = -
WATER ANALYSIS -
Bison Basin, Wyoming
303-6-P-19 Interval "D"
Sample taken Nctober 12, 1978
mg/1 mg/1
Total dissolved solids (calculated) - 1508 . Ammonia (as N) —-c-cccmcmmmcaaoaaa 0.18
Total dissolved colids (observed) --- 1462 Iron (Fe) ~—-=sssavcccmaccsnswscns ND(0.01)
Sodium (Na) (calculated) -----=--=--= 446 Lead (Pb) ------ccmmmem e ND(0.05)
Sodium (Na) (observed) --------vecee-x uy7 Nitrate (as N) ~—---ommmmmmmmcaaa ND(0.01)
Potassium (K) -------cmmmmmmee e 11 Nitrite (as N) —----cccmmmmmcnnaaa ND(0.01)
Calcium (Ca) -----rmmmmm e ceeee 56 Selenium (Se) ---------- Feesmecna- ND(0.01)
Nagnesium (Mg) ------~--=cccecccea 0 Zine (Zn) ~=-cemmmmm e ND(0.01)
Chloride (Cl) —-----remmmmcmme e 40 Uranium (U oa) -------------------- ND(0.001)
Sulfate (S0, ) ~--mvnmmmmomomemmmemem 900  Lonductivily micromhos@68°F, ~---- 2100
Carbonate (€0.) ------- W s i e 24 Total alkalinity as CaCO, --<5---- 131,
Bicarbonate (ﬂCOa)'f-~——-~—-~4—1-'—~— 31 Total hardness as CaCO3 Fasduvenis. AN
N pH, units B e 10.1
Radium-226, pCi/l ~----- o A e O A S A B o A e S W S 14.5+0.4
Thorium-230, pCi/l ----= N a5 gy Sl i W R AT o R 2.0+1.3

Radiochemicail tests by:
ND = Not detected at level given in parentheses,

Above tests were made in accordance with Standard Methods, 14th Edition, 1975, ASTM, WQO
and AEC methods.

CHEMICAL & CE LOGICAL LABORATORIES

C. E. Davis




e T e e e (~
3 =i CHEMICAL & GEOLOGICAL LABORATORIES
P. O. Box 2794
Casper, Wyoming

ANALYTICAL REPORT

D  From OPI-Western JomtVent\me _..Product Hater

Address Casper, Wyoming
Other Pertinent Data

p Anslyzed by . Staff |kl - Date . October 30, 1978  (ab No. .29153-2

BATER ANALYSIE
3 Bison Basin, Wyoming
303-6-P-22 Interval "D"
Sample taken October 19, 1978

> mg/1 mg/1
Total dissolved solids (calculated) - 1653  Ammonia (as N) ~-=-mececeococomen- 0.19
Total dissolved solids (observed) --- 1612 TIron (Fe) ----vc--mcemmecemmm———- 0.10
Sodium (Na) (calculated) -----------a 4oy PR R P ND(0.05)
Sodium (Na) (observed) -—--=-coeeeaeon 490 Nitrate (as N) ~---eccoemccmaccana ND(0.01)

D rotassium (K) —-ommmmmm e 10 Nitrite (08 B) ~rovsmvsanmimaness - %§D(0.01)
Calcium (€a) ---ommmm e 39 Selenium (Se) ~---=e-e-= gl ND(0.01)
Magnesium (Mg) ------memmmmmeeoa g BN LERY v v n i e meta g ND(0.01) .
Chloride (Cl) ----cmmmmmmeeeeee ~--=- 28 Uranium (U oe) ------------------- ND(0.001)
Sulfate (SO, ) -----~ et dety nlabuant b 1040 Conductivigy,micromhos@be?}‘. ----- 2100 .

> Carlonate (CO_.) ~---=ie- Sl s 24 Total alkalinity as CaCO,’-<<c----~ 81
Bicarbonate (RCO ) B D 0 Total hardness as CaCO, ~---==---== 114
Hydroxide (OH) -9 - .. ce== 14 pH, units _____n_ﬁ____? ___________ 10.6
Radium- 226, pCi/Yl ---—--ececicaa- i 1 o B 8 21.0+0.4
Thorium-230, pCi/l ------caceacaao e T T T 5.842.2

Padiochemical tests by:
ND = Not detected at level given in parentheses.
Above tests were made in accordance with Standard Methods, 14th Edition, 1975, ASTM, ®WQO

' and AEC methods.

CHEMICAL & GEOLOGICAL LABORATORIES

/‘

e Gl

C. E. Davis




fFrom OPI-Western Joint Venture = pog.q Water

Address . Casper,
Other Pertinent Data

CHEMICAL & GEOLOGICAL. LLABORATORIES
P. O. Box 2794
Casper, Wyoming

ANALYTICAL REPORT

Wyoming .. .. ... . Ot oo, October 23, 1978 ... .

Aralyzed by . Staff .. . pae October 30, 1978 . No, . 29172-4

WATER ANALYSIS

Bison Basin, Wyoming
v."-6-P-31 Interval "D"
Sample taken October 20, 1978

mg/1 mg/1
Total dissolved solids (calculated) - 1429 . Ammonia (as W) ~-ccnccccnnmnmiaaam 0.1y
Total dissolved solids (observed) --- IH0Z T505 T st s a5 5 WD 0.05
Sodium (Na) (calculated) ~----c-ceu-= 432 Lol TPE) «ronammmmmeonsssnnmmnmbws ND(0.0S)
Sodium (Na) (observed) -----ccceeeo-a L52 Nitrate (as N) ====mecccecacsnsan. 0.05
Potassium (K) -----cmemmanaoo et 8 Nitrite (as N) ~---c-mcmmmccacaaaa ND(0.01)
Calcium (Ca) ~----cmmmmcmcccaea e 31 Selenium (Se) -—=-=-=--- rrecaman=ae ND(O.01)
Magnesium (Mg) ------—cmmmcmeecae o 6 Zine (Zn) -----=-meeenua e ——— ND(0.01)
Chloride (Cl) -----mcmmmmm s 34 Uranium (U, 0_) ---cocmmcmcccceaeea 0.011
Sulfate (S0, ) ~-—~--mcmmmmm e 840 Conductivigy?micromhos@68°f'. ————— 1770
Carbonate (30 ) e 24 Total alkalinity as Ca('_'O3 -------- 130
Bicarbonate (HCO ) e 110 Total hardness as CaCO, ~--------= 102
3 i3 3 8.8
pH, units ~-----emeeeceeea s oo o
Radium-226, PCi/l ~= - o e e e 296+0.3
Thorium-230, pCi/l —== == e e e eem 4.0+1.5

Radiochemical tests by:

HD = Not detected at level given in parentheses.

Above tests were made in accordance with Standard Methods, 14th Edition, 1975, ASTM, WQO

and AEC methods.

CHEMICAL & GEOLOGICAL LABORATORIES



CHEMICAL & GEOLOGICAL LABORATORIES
P. O. Box 2794
Casper, Wyoming

ANALYTICAL REPORT

From OPI-%estern Joint Venture
Address Casper, Wyoming

Date ... October 23, 1978 o,

WATER ANALYSIS

Bison Basin
303-6-P7 Interval "D"
Sample taken October 23, 1978

my/1

Total dissolved solids (calculated) - 1506
Total dissolved solids (observed) --- 1486

Sodium (Na) (calculated) -------—--= 474
Sodium (Na) (observed) -----===—=-== 465
Potassium (K) =—====—smmram e 10
Calcium (Ca) -~-====—=—mmmmmmee e 18
Magnesium (Mg) ==-====—=r-emrecacscacecs 2
Chloride (Cl) ======-==mmcemcm———————— 36
Sulfate (S0g) <=~-m=wmmerssmmanseanss 900
CArbonste - (COg) —====snmniethimsetmims 36
Bicarbonate (HCOj3) =======s-mec-= S—2
Radium~228, PCIfL w—ornsmimimmmmamansinsskihsmwe
Thorium-230, PLIJl wo=smonssannnmmmn mmnnmemns

Radiochemical tests by:

- ————— -~~~ ————

Date . . November 3, 1978  |ab No. ..29215-3
\
|
mg/1
Ammonia (as N) ———=—==—==cmcene-= 2.0
Iron (Fe) —~=—====—=meeccccmcacem=- ND(0.01)
Ledd PD =m===ramwecmwnmwenn e ND(0.05)
Nitrate (as N) ~=——=-——==c—cecncaa 0.26 -
Nitrite (as N) =——======m===- -=== ND(0.01)
Selenium (Se) ==~=—~====—==—m———-- ND(0.01)
Zinc (Zn) ---=======m—cmmmeeae——— 0.01
Uranium (U30g) ~--=============-= ND(0.001)
Conductivity, micromhos @ 68°p -~ 1750
Total alkalinity as CaCOJ ------- 110
Total hardness as CaCO3 =—-====-= 53
pH, units ———=-=-emmme e ————— 9.7
----------------------------------- 1.4+0.3
2:.522.2

ND = Not detected at level given In parentheses.

Above tests were made In accordance with Standard Methods, 14th Edition, 1975, ASTN,

WO and AEC methods.

CHEMICAL & GEOLOGICAL LABORATORIES

-~

/cf .
/6 %-,_-_,

c. E. Davzs



T CHEMICAL & GEOLOGICAL LABORATORIES
. P. O. Box 2794
Casper, Wyoming

ANALYTICAL REPORT

Fom OPI-Western Joint Venture

Address

...............................................................................................

Analyzed by Staff . Date .. November 3, 1978  lab No. . .29250-2

WATER ANALYSIS

Bison Basin

303-6-P16
Sample taken October 28, 1978

mg/1 mg/1
Total dissolved solids (calculated) - 1491 Ammonia (&g N} =~=r—===resmcsscncncs 2.9
Total dissolved solids (observed) --- 1526 Iron (Fe) =—=—====m-mmmemmemmeeena ND(0.01)
Sodium (Na) (calculated) ===-=--=-=== 460 Lead Ph ===-=-===scmecccammnen—an - ND(0.05)
Sodium (Na) (observed) —=======—==-<= 433 Nitrate (as N) -=—==-semmcmcccsaa 0.33
Potassium (K) ~=-==—===e—eceaeceeecea 9 Witeite fag B} wre~scewcsawdr=anas ND(0.01)
Calcium (Ca) =--=——==r-m—eecccccccecna 29 Selenium (Se) ~—~~vr~rwrvommnsane ND(0.01)
Hagresium (Mg) =—==r==scsarnncrennnns 3 ZANC - fER )| s rermmacmmaric o misnim stk uras ND(0.01)
Chloride (Cl) ~-======mmcme e 30 Uranium (U30p) <<==<~=e=-scrsves - ND(0.001)
Sulfate (SOg) =======m===mm—e e 870 Conductivity, micromhos @ 68°F -- 1785
Carbonate (COj) ~-~==romrtecnummswans 48 Total alkalinity as CaCOj —-----= 1?0
IS rDonaty. fHCD gl . »oesinvcnvmsnn waan 85 Total hardness as CaCQj3 -------== 8-

R e o e e o e o 9.4

Radiau =228 ;.  PCAL L Bermmmbim s Tided s e soma sy o b o ive S ey s o oo it S e i S o W s e MMt s o B 12.1:0.3
Thorium-230, pCif/l —=-=--=-- e e s oo 010.5

Radiochemical tests by:

ND = Not detected at level given in parentheses.

Above tests were made in accordance with Standard Methods, 14th Edition, 1975, ASTH,

WO and AEC methods.

CHEMICAL & GEOLOGICAL LABORATORIES

V=, .

2T L,

C. E. Davis



CHEMICAL & GEOLOGICAL LABORATORIES
P. O. Box 2794
Casper, Wyoming

ANALYTICAL REPORT

From OPI-Western Joint Venture .. . . . Product.. .. . e .- SOOI SR Ll SN
Address Casper, Wwyoming Date.. . October 24, 1978 ...
CNROE PRIBORIR DBID ... . oot iimnssossassmssnasionss ok s muirs St beon e come i i e L
Analyzed by Staff Date.... November 3, 1978 Leb No. ..29215-

< - —— e e — e e et e ————————————————— =

WATER ANALYSIS

Bison Basin
303-6-P19 Interval "D"
Sample taken October 24, 1978

mg/1 ma/1

Total dissolved solids (calculated) - 1532 Ammonia (as N) ===mmmmmcmcm— e anea > o
Total dissolved solids (observed) —--- 1520 Iron (Fe) =======mmmmecme—c e ——— ND(0.01)
Sodium (Na) (calculated) ~=——==m=w== 471 LORU PO oo oo s o o s e i o o ND(0.05)
Sodium (Na) (observed) ---———=-—neu= 448 Nitrate (as N) —====mem=ecmcceea-a 0.23
Fotassium (K) ====-emmecm e 10 Nitrite (as N) =—===-=ccceccaneaa KD(0.01)
Calcium (Ca) ~—===--mem e 31 Selenium (Se) =~~=-==ecmccccccecas ND(0.01)
Magnesium (Mg) --—==memeemmce e eeeea 0 2inc (2n) —--=—eemecsccscsonsssn 0.01

- Chloride (Cl) -===m=m=mmcm e mem e ;za Uranium (Uz0g) =<~=v=s—sasmrernus ';2;3'00“
Sulfate (S504) ~~==~~ecesnnomans ————— 24 Conductivity, micromhos @ 68°F -- p
Carbonate (CO3) -~---- o e S e Total alkalinity as CaCOj --=----= 28
Bicarbonate (HCOj3) -~-====-=ceemencas 0 Total hardness as CaC0Oj ----==--= 108
Hyadroxide {(Of) ' —===istonns e e et 14 “ pH, UNits ~=—====-mmmm e .
Radium-226, pCIJ/l ~— == e e e e e — e ———— —— 7.4:0.3
Thorium-230, pPCifl === e e e e e e e e e 7.6$2.5

Radiochei...al tests by:
ND = Not detected at level given in parentheses.

Above tests were made In accordance with Standard _1‘19_(!;9_(1_5_, 14th Edition, 1975, ASTN,
PO and AEC methods.

CHEMICAL & GEOLOGICAL LABORATORIES

2 DI

C. E. Da vis
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CHEMICAL & GEOLOGICAL LABORATORIES
P. O. Box 2794
Casper, Wyoming

ANALYTICAL REPORT

From OPI-Western Joint Venture . Product
Address
Other Pertinent Data

................. Hater R L L
_October 30, 1978

Casper, Wyoming .~~~ Date

Radiochemical tests bys'c |

Analyzed by Staff Date . November 3, 1973 lsb No 29250-3
WATER ANALYSIS
Bison Basin
303-6-pP22C
Sample taken October 28, 1978
mg/1 mg/1
Total i solved solids (calculated) - 1768 Ammonia (as N) —-—=—=c—mcemmm—meae- 2.9
Total dissolved solids (observed) --- 1812 Iron (F@) —=~=vmcensmecascnrsens "VD(O'GI)
Sodium (Na) (calculated) --=-—=—==== 533 Lead Ph ———=—==mmmemcmmmmm e cmeem ND(0.05)
Sodium (Na) (observed) —-—--—=-=--=== - 493 Nitiale (88 W) ==vvivrmancadassae 0.07
Potassium (K) =====e=cemmmmennaaaeea 11 Nitrite [(as N) == =rvccrmsonssnc "'D(O'OI)
Caleitim [Ca) “eesmtmwenismmaramnicammi 41 Selenium {(S8]) »=orrcmmendscan—mes M)(o'gi)
Nagnesium (Ng) —-—==—==——ma<cncn=aans 3 BAING (ZB) vy o i o s vt oo ND(O.OOi
- Chloride (Cl) ~=======m=rmecccccccnns 30 Uraniom (U0g) =v=sropresmmsesunn ’2”1);2 )
Sulfate (SO4) —--=—=—=sm=mccencece—e. 1100 Conductivity, micromhos @ 68°F -- 0}
CRERBRATE LRIl < tinrapiw o mmcppneapsioto o 36 Total alkalinity as CaCOJ —————— - 115
Bicarbonate (HCOg) ~———=—=vwem=e= - 0 Total hardness as CaC0j —===-===*= 10.7
Hydroxide (OH) ~=======ecemrgreecenascew 14 Py RRLER =~revecurnnaneronsnmmans
Radium-226, pCi/l -----= g o T 0 S S O S SR AR e SO S el A o 29.610.3
ThOrium=230, PCI/1l === o o o e e e e e e e e e e 0+0.5 -

ND = Not detected at level given in parentheses.

Above tests were made In accordance with Standard Methods, 14th Edition, 1975, ASTH,

W0 and AEC methods.

CHEMICAL & GFOLOGICAL LABORATORIES

L,

C. E. Davis _"“'



CHEMICAL & GEOLOGICAL LABORATORlES
P. O. Box 2794

Casper, Wyoming
ANALYTICAL REPORT

From . .OPI-Western Joint Venture . poduc Water

..................................................................

Address Casper, Wyoming .~ Date ... October 30, 1978 .

An-'ywd by Stﬂff AN PO R R Date .. November 3, 1978  |ab No. ..29250-4
WATER ANALYSIS
Bison Basin
303-6-P31C
Sample taken October 28, 1978
mg/1 mg/1
Total dissolved solids (calcflated) - 1568 Ammonia (as N) ~——===—-m—meemeeaa 1.8
Total dissolved solids (observed) --- 1606 Iron (Fe) —=—==—=m-mmemmm e ND(0.01)
Sodium (Na) (calculated) =-========= 479 Lead Ph —=-——memmcmm e ND(0.05)
Sodium (Na) (observed) --——=—=-—ce=a 456 Nitrate (as N) ——=—===-==mcemnm—- 0.15 "
Fotassium (K) =====-=cemeemm e 8 Nitrite (as N) —=——======meememe= ND(0.01)
Calcium (Ca) ——=—===m=mmmmeeeae 31 Selenium (Se) =—--========-==n=== D(0.01)
Magnesium (Mg) ————=—=—=—mmmm e 4 Zinc (Zn) -——=-==—memmmeemseean—a ND(0.0é;

- Chloride (Cl) ---==—=====—=ececaaaeaa 34 Uranium (Ugla) =vn==rensesmsisam '1"177(2'0 )
Sulfate (SOy) -~=—==r=cs-—memsscascens 940 Conductivity, micromhos € 68 °F -- 12;’
Carbonate (CDj3) -~~—~—-—==ceccscccancs 24 Total alkalinity as CaCOJ ------- 04
Bicarbonate (HCOj) =---=—=====——== ——— 98 TYotal hardness as CaCO3 --------= .8

rd, units ———==—eemmmc e ena ¢
Radium=-226, pCi/l —= === o e e e e e e e e e e e e e 291—:0~3
Thorivm=-230, pCifl —==-=ce-mmmmaaeen e e e e e e 0.5:0.7

Radiochemical tests by:
ND = Not detected ac level given in parentheses.

Above tests were made In accordance with g;“t‘q‘nia}'_d__}iggbg_d_s_, 14th Edition, 1975, ASTHM,
WO and AEC methods.

CHEMICAL & GEOLOGICAL LARORATORIES

27 .

C. E. Davis
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CHEMICAL & GEOLOGICAL LABORATORIES

P. O. Box 2794
Casper, Wyoming

ANALYTICAL REPORT

rom ... . OPI-Western Joint Venture Product ... ... WaTer . ..

Address. ... Casper, Wyoming ... .. . ... ... Date... ... ... ROt L6 BT iieriias

R R I B B s - o s e e e st e s e el e SRR o £ o R b H s s T Sy T AR e SR S SRR AR S i
nalyzed by = KCM, JM, SS, LG, DD, GH Date. . October 3, 1979...... . lab No. ... 31800-5

WATER ANALYSIS

Bison Basin, Fremont Co., Wyoming

303-6-F7
Sample taken August 5, 1979

ng/1 mg/1
Total dissolved solids (cale.) ------ 1425 Ammonia (as N) ~—=---—ccmmmmeea ND(0.1)
Total dissolved solids (obs.) ------= 1376 Iron (Fe) ~--—---mmmmmmmmmme e 0.01
Sodium (Na) (cale.) ~=----cmcmmocaaaa 424 Lead (Pb) ------mmmmmmmmmmmem e ND(0.05)
Sodium (Na) (obs.) -——---vcmmmeeeaaa 410 Nitrate (as N) -—-—---cmcmmmmmanan ND(0.01)
Potassium (K) --------ommmmmmannaa o 11 Nitrite (is N) -——-mommvmmmeeee e 6.10
Calcium (Ca) -------mmmmmmmm e 40 Selenium (Se) -~----mmmmmmmmmmana ND(0.01)
Magnesium (Mg) -------comecminoncaaa 0 Zinc (Zn) -~-—--mmmmmm e 0.06
Chloride (Cl) ------v---- o 36 Uranium (U,0_) —-----mmemmmmeeaan 0.006
Sulfate (SO, ) ---====-- e 860 Conductivity, micromhos @ 68°F. -- 1725
Carbonate (BO ) e e ee 0 Total alkalinity as CaCO3 ———————— 90
Bicarbonate (QCOa) ------------------ 110 Total hardness as CaCO3 —————————— 100
PHy, units ~---om 8.1
BABINM=D26, POLJL wocmm oo oo i oo s 0 50 2t s . o e s 5 5 3.720.4

ND = Not detected at level given in parentheses. Radiochemical tests by Core Laboratories,

Albuquerque, New Mexico.

Above tests were made in accordance with Standard Methods, 14th Edition, 1975, ASTM, WQO

and AEC methods.

CHEMICAL & GEOLOGICAL LABORATORIES
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PRt CHEMICAL & GEOLOGICAL LABORATORIES
P. O. Box 2794
Casper, Wyoming

ANALYTICAL REPORT

D from OP1-Western Joint Venture T R L
Address Casper, Wyoming . .. ... Date . August 16, 1979
e T U T Tl o R Ot sy e CH S RO GRSy PR UYL P s i S e R e R T

D Anslyzed ; KCM, JM, SS, 1G, DD, GH Date . October 3, 1979 ... . lab No. .. 31800-1

» | WATER ANALYSIS

Bison Basin, Fremont Co., Wyoming
303-6-P16
Sample taken August 5, 1979
. -
mg/1 mg/1
Total dissolved solids (cale.) -—----- 1348 Ammonia (as N) —=rccccsccncccncana 0.25
P Total dissolved solids (obs.) ------- 1272 Iron (Fe) ~—-c—mcmmmcmemc e 0.03
Sodium (Na) (cale.) -——---mmemuanaa -~ 383 Lead (Pb) -—--—-memm e ND(0.05)
Sodium (Na) (obs.) -—-—----ececee--o 425 Nitrate (as N) —--—--ccmmmmmmeeam 0.02
Potassium (K) ----——=-ccimimmeeeeeea 11 Nitrite (as N) ~——--cmmmmmmceee ND(0.01)
Calcium (Ca) -------mmmmmmmmmc e 51 Selenium (Se) - -—--—c--cmemmmmmmam ND(0.01)
Magnesium (Mg) —-------—cmmmmmmeae 3 Zinc (2Zn) - ~-——= e ND(0.01)
o Chloride (Cl) -------mmmmmmmem e 28 Uranium (U 08) ———————————————————— 0.007
Sulfate (SO, ) ~~re—comccnncccancccnan 806 Conductivigy, micromhos @ 68°F. -- 1800
Carbonate (80 ) mmmmmrm e e 24 Total alkalinity as CaCO3 -------- 110
Bicarbonate (acoa) ——————————————— --~ 85 Total hardness as CaCO3 —————————— 140
PH, units -l 8.3

.

Radium-226, pPCi/l —=-—c oo e 5.4#0.4
ND = Not detected at level given in parentheses. Radiochemical tests by Core Laboratories,
Albuquerque, New Mexico.

3

Above tests were made in accordance with Standard Methods, 14th Edition, 1975, ASTM, WQO
and AEC methods.

CHEMICAL & GEOLOGICAL LAEORATORIES
JRE
4 cgRn JOWT VENTY
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C. E. Davis




(,
- CHEMICAL & GEOLOGICAL LLABORATORIES
P. O. Box 2794 |
Casper, Wyoming

ANALYTICAL REPORT

rom . ... OPI-Western Joint Venture

Address
Other Pertinent Data

Casper, Wyoming

................................................................................................

Date  October 3, 1979 ...

Lab No. ... 31800-2

WATER ANALYSIS

Bison Basin, Fremont Co., Wyoming
303-6-P19

Sample taken August 5, 1979

nalyzed by KCM, JM, SS, 1G, DD, GH

mg/1
Total dissolved solids (calc.) ------ 1353
Total dissolved solids (obs.) ------- 1314
SOGU TNE Y (AL ) i imcanmmmi s siconsissicon 380
Sodiwa (Na) (obs.) --—--- e e 5 416
POLBE BRI IR ) o e 55 05y e S s s s oo 11
CRICIME (OB ) s m v wrhms i i e i 56
Magnesium (Mg) -----ccmmcccmeeao o 3
ERIONIAs {C1) wann imamicimmmmin smuswin 30
Sulfate (SO, ) -=--=ccmmmc e 807
Carbonate (€0,) ~---=-=mmmcmmmmmmaaen 24
Bicarbonate (RC03) ------------------ 85
PH, units ——--ce e 8.4
Radium-226, pCi/l ~-=-c-c-cmmmmmmmeceoae

mg/1
Ammonia (as N) ---cccocmmmmaao_ 0.24
Iron (Fe) ~=---emcmmm e ND(0.01)
Bl EPR] sariwennimonirnsnmmnosss ND(0.05)
Nitrate (as N) -~~-cocccccccancacaa ND(0.01)
Nitrite (as N) ——=-cccccmcccacaa - ND(0.01)
Selenium (Se) -—---cccccccmaaaea ND(0.01)
Zine (Zn) ~~c-ccacmmccncancnacanaa ND(0.01)
Uranium (U 08) ——————————————— === 0.007
Conductivigy, micromhos @ 68°F. -- 1800
Total alkalinity as CaCO3 -------- 110
Total hardness as CaCO3 ---------- 152
______________________________________ Y. 2813

ND = Not detected at level given in parentheses. Radiochemical tests by Core Laboratories,

Albuquerque, New Mexico.,

Above tests were made in accordance with Standard Methods, 1l4th Edition, 1975, ASTM, WQO

and AEC methods.

CHEMICAL & GEOLOGICAL LASORATORIES

L,
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) CHEMICAL & GEOLOGICAL LABORAT"ORIES
P. O. Box 2794
Casper, Wyoming

ANALYTICAL REPORT

fom ...
Address.
Cther Pertinent Data

Casper, Wyoming

..OPI-Western Joint Venture

.........................................................................................................................................................

alyzed by . KCM, JM, SS, LG, DD, GH

WATER ANALYSIS

Bison Basin, Fremont Co., Wyoming
303-6-P22

Sample taken August 5, 1979

mg/1
Total dissolved solids (cale.) -~---- 2857
Total dissolved solids (obs.) ------- 2842
Sodium (Na) (calc.) —~—---mmmecenana- 83y
Sodium (Na) (obs.) ~----meceenoa- Sai g ]
Potassium (K) -=-----meeocmmmmnamaaa s 19
Calcium (Ca) -----=--mmmmmmmmcme e 112
Magnesium (Mg) ------------ - o 40
Chloride (Cl) ----- e o o e 394
Sulfate (S0,) -------cmmmrmc e eeea 1122
Carbonate (30 ) e e e 0
Bicarbonate (nCOa) —————————————————— 683
PH, units —--—-- e eea 7.8

Radium-226, pCi/l

ND = Not detected at level given in parentheses. Radiochemical tests by Core Laboratories,

Albuquerque, New Mexico.

- - - " — - -~ -~

Date October 3, 1979 ... Lab No. .. 31800-3
mg/1
Ammonia (as N) ---=--—ccmmmcmccma 0.21
Iron (Fe) —-------cmmmmmmmmmem e 0.01
Lead (Pb) —-----memmmmmmmmmee e ND(0.05)
Nitrate (as N) -~ 0.04
Nitrite (as N) - ---cmmmmmmncnnaa ND(0.01)
Selenium (Se) -~ mmmcnan ND(0.01)
Zinc (Zn) ------cmmmmm e ND(0.01)
Uranium (U 08) ------------------- 2.70
Conductivigy, micromhos @ 68°F. -- 3850
Total alkalinity as CaC‘O3 ————— ~== 560
Total hardness as CaCO3 —————————— yyY
182.624.4

Above tests were made in accordance with Standard Methods, 14th Edition, 1975, ASTM, WQO

and AEC rethods.

CHEMICAL & GEOLOGICAL LABCRATORIES




. . " CHEMICAL & GEOLOGICAL LABORATORIES

' P. O. Box 2794

Casper, Wyoming
ANALYTICAL REPORT

brrom .. OPI-Western Joint Venture Product ... .o BB Ol i siessersssananassnenins .
. Address. ... . Casper, Wyoming .. .. . . . . ... .. . .. Date ... Bugust 16, 1979 ....ooiiininians
- Other Pertinent Data . e I i bk e SR A H A S B SO TR Y R K S e Era et e
pAnelyzed by . KCM, JM, SS, 1G, DD, GH . Date  October 3,:1979 ... . lab No... 31800-4
> WATER ANALYSIS

Bison Basin, Fremont Co., Wyoming
303-6-~P31
Sample taken August 5, 1979

4
mg/1 mg/1
Total dissolved solids (cale.) ------ 3245 Ammonia (as N) ------cmmmcmcacaaao 0.19
P Total dissolved solids (obs.) ------= 3282 Iron (Fe) —~---—mmmmmmmmmm e 0.01
Sodium (Na) (calec.) ----—--vmee-- e 1020 Lead (Pb) —=----mmmmommmmme e ND(0.05)
Sodiunm (Na) (obs.) -~---cemmmemcnnaaa 1146 Nitrate (as N) --—-----cmcmcennan= 0.10
Potassium (K) ~----m-cmommcmmaaaaane 20 Nitrite (as N) -—-----memmmcnnnaa= 0.04
Calcium (Ca) ~~---vommmemmccnnncncawa 112 Selenium (Se) -~-~~--mesmemmncanaa ND(0.01)
L Magnesium (Mg) ------cmcmcmcnanncacaa 2] Zinc (Zn) --~--cmmmmcemmcmeceneeea ND(0.01)
PO (LT R ——— 590 Uranium (U 08) ------------------- 1.45
Sulfate (S0, ) -~~~ -mmmmmmmmm e 1067 Conductivi‘gy, micromhos @ 68°F. -- 4350
Carbonate (80 ) smmeemeemce mneeeae= 0 Total alkalinity as CaCO3 -------- 681
Bicarbonate (aCO ) I 830 Total hardness as CaCO, -------~== 366
= 3 3
PH, units -~ Sl 7.6
. .
TRBEAIN T, QIR TR s semom e ooty g e e A 0 o 55l 834.429.1

ND = Not detected at level given in parentheses. Radicchemical tests by Core Laboratories,
Albuquerque, New Mexico.

Above tests were made in accordance with Standard Methods, l4th Edition, 1975, ASTM, WQO
and AEC methods.
CHEMICAL & GEOLOGICAL LABORATORIES

OPIWFSTTOM 10T VENTURE
CR i oot ¢ +73
—

R B Daviﬁ- .




CHEMICAL & GEOLOGICAL LABORATORIES

(

P. O. Box 2794
Casper, Wyoming

ANALYTICAL REPORT

~ Sept. 17, 19794 No. 319701

ND =

Not detected at level given in parentheses.

Above tests were made in accordance with Standard Methods, l4th. Editicns 1975+ ASTM. W20,

and AEC methods.

CHENICAL AND GEOLOGICAL LABORATORIES

C. E. Davis

OPI-WESTERN JOINT VENTURE

0CT 30 1973

Analyzed by LG~ LB- SS, JN Date
i
|
WATER ANALYSIS
|
303-b-P?
Sample taken September 5. 1979 |
mg/1 mg/1 |
Total dissolved solids {calculated} - 135k Atniail - Tl W) mmeaeesemnmperamae 0.L2 |
Total dissolved solids d{observed: --- 1372 Iron (Fa) =~-v-—emscmrvonscumcons 0.0l
Sodium {Na} {calculated} -----=-=--= 394 Laad Pl —~rreesrcansesasnand ND{0.0S5}
Sodium <{Na} <{observed} -----=--=-=-= 434 Nitrate {as N} ~—————osvmcencsccs 0.02
Potassium (K} --———=--m-—meeemceeaena 10 Nitrite {as M ---———-re———r=——ws ND{0.01}
Calcium {Ca} --——-—————mem—emmm—aeea 35 Seloniug (S8} -—r-—m—ereeacaaa ND{0-01}
Magnesium {Mg} --——--—--=——=mmmmmmunn 9 Z2inc {Zn} ----—===—mmm—emememeenea 0.0k
Chloride €1} ---—=——-—mmmmmmmmmmaee b Uranium {U308} -----——--- - 0.003
Sulfate B0y) -t~ 81k Conductivity. micromhos at L&% F. - 1725
COMbOnatE A0k ~rerrveembse e o 36 Total al%alinity as CaC03 ---—---- 110
Bicarbonate {HCO03} --——-=—-=-=====--= bl Total hardness as (a(03 ---------- 125 |
Din NIt i e i o — 9.2
|
T A e e L e et o o o 2.03+0. 3¢
|
Radiochemical tests by Ecology Audits. Inc.. Casper. Uyoming.
s b

\
0
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3 3 CHEMICAL & GEOLOGICAL LABORATORIES ‘
P. O. Box 2794 |
Casper, Wyoming

ANALYTICAL REPORT

from ... OPI - Western Joint Venture . Product.. .. BRI ........ooomcsmiverarnpnssssion. ‘sessusstssasssibes
Address ... Caspers Wyoming . Date. ... ... September ks LI?T......comiiiinns

Other Pertinent Data AT TSl T, YRR TRRGE T | e S e s e ST

D Analyzed by LG» LBa SS2 dn o Date. .. .Sept. 171 .157%ab No. 31571-2..

WATER ANALYSIS

J
303-L-Plb
Sample taken September S+ 1979

9 mg/1 mg/1
Total dissolved solids {calculated} - 129% Ammonia {as N} -——-~=—=—mmecce—=== 0.4y
Total dissolved solids {observed} --- 1350 Iron {Fe} --~-—-——=——=m—emecccc=== 0.0L

~ Sodium {Na} {calculated} --—===-=-= 387 Lead {Pb} --——-——————=m—mmm————== ND{0-0S5}

> Sodium {Na} {observed} -----=-==---= 4L? Nitrate {as N} ---———=—==—==cc=-= 0.02
POEASSIUR - K] o=t o ——— 9 Nitrite {as N} -———=-==———==w-==- ND{0.01}
ElCHN fCE) ~ormtidetaminmtes 38 Selenium {Se}: —————————mmee—ncec= ND{0.0L}
Magnesium {Mg} --———-———===m=-—=-—--= 1 Zinc {In} -—————=memsonecccee== ND{0.01}
Ehloeide. €LY ~~revoeweemem cse——— 30 Uranium {lL308} --———-—--——==-==== 0.003
BUETOEN " 150l st ————— 759 Conductivity. micromhos at L&° F. - 1725

p Carbonate {€03} —-=———==r=--=-——==- — 12 Total alkilinity as CaC03 --——---= 120

' Blcarbonata  IK93) ——osromom—semssses L2a Total hardness as Ca(03 ---------= 99

pHs ity ~s————m—rmesrrmmrececsan 8.5

Radium-22b+ pCi/l -—-—————=ssssmsmmmrm o ccenen e e e 2.17:0.5

D Radiochemical tests by Ecology Audits. Inc.. Caspers Wyoming.
ND = Not detected at level given in purentheses.

Above tests were made in accordance with Standard Methods. l4th. Editiona. 1975. ASTH. WQ0.
and AEC methods.

CHEMICAL AND GEOLOGICAL LABORATORIES

C. E. Davis OPI WESTERN JOINT VENTURE

0CT 50 1979



CcLI-10

s

CHEMICAL & GEOLOGICAL LABORATORIES
P. O. Box 2794
Casper, Wyoming

ANALYTICAL REPORY
From . OPI - Western Joint Venture . Diodiah. o A b .

Address .. Caspers Uyoming . .. . . ... O8le.... . September. b 1929..... ccoovemmimimnnrineees
Other Pertinent Data . PN e O OO AN RV U . U Rt P epeemmeeme e L L

Analyzed by LG» LBa 55, 4N : Date . - Sept. 17+ 197%2b No. 31971-3
WATER ANALYSIS
303-L-P19
Sample taken September 5. 1979

mg/1 mg/1
Total dissolved solids {calculated} -1334 Ammonia {as N} ~———-=—o—reemreece 0.4y
Total dissolved solids {observed} ---1418 Iron {Fe) —~=————===- et e i 0.0L
Sodium {Na} {calculated} --—------- 40? Lead {Ph) ~r———erenmmab e ——— ND{0.053}
Sodium {Na} {observed} -----——-=--= 43y Nitrate {as b ~—=————=—wee- e 0-04
Potassium 1K) —o—resmnees st e am—— 10 Nitrite {as NI -=~——v=e—sbhcosee= ND{0.01}
BRI RCA) wowre—s v sy ch Selenium {Se} -——~——--——c——c==== ND{0.01}
Nagnesium {Ng} --—————re—smrr——r=m 5 2inc {In} ~———————mmcses—ecenen- ND{O.01}
hloride (€1) ~———=rmrrresresnee. ‘8 Uranium Qig0p) ~—~v=re=—wwesemas 0.008
Sulfate {SOy} --———=—==——=—=-=-==———= 7Y Conductivity. micromhos at L&° F. - 1800
Corbonats K0g) —rm—sosedmmmr 4 Total alkslinity as Ca(03 -——----- 140
Bicarbonate {HCO3} --—--————==-==-=-= 122 Total hardness as (a(03 ---—----- 8k

pHy UNits ~——em—ememm———sesseatn 8.b

Radium-22bk~ pCi/l e S e e e e e o e e e 2 e e e e e 9.95+0.L%

Radiochemical tests by Ecology Audits. Inc.. Casper. Uyoming.
ND = Not detected at level given in parentheses.

Above tests were made in accordance with Standard Methods. luth. Editions 1975, ASTH. W20
and AEC methods.

CHEMICAL AND GEOLOGICAL LABORATORIES

DY,

C. E. Davis
OPIWESTERN JOINT VENTYRE

0ET 30 1979
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CHEMICAL & GEOLOGICAL LLABORATORIES ;i \
P. O. Box 2794 _ i ‘

Casper, Wyoming
ANALYTICAL REPORT

from ... OPI - Western Joint Venture . .. pProduct. .. . Water . .. . ... TN Bl .
Address . Caspers Wyoming Date. ... ...September ba 1979, ..o

Other Pertinent Data . o e e Ny LA et e e kS YA bl R B R e i S A

Analyzed by LG+ LB+ S5, 4N . Date ... _.Sept. 17, 1979ab No. . 31971-Y4

WATER ANALYSIS

303-k-Pee
Sample taken September 5. 1979

Total dissolved solids {calculated} - 1148 Ammonia {as N} -~————mmmmmem————— 0.41
Total dissolved solids {observed} --- 119¢ O I ) T —————— 0.01
Sodium {Na} {calculated} =~-—-===-== ELTS Lead (Pb} -—————=—rmmme—eccccema—— ND{0.05}
Sodium {Na} {observed} -------—-=--- 379 Nitrate {as N} --——-——————=c====== 0.03
Pobassiun - {5} reororraresssamascamres 9 Nitrite {as N} ----—--m——m=—=——m= ND{0. D1}
R e p Y? Selenium {Se} ———--—mmmmm——m————- ND{0.0L}
Magnesium {Mg} ---—----- = -==m= e Zinc {Zn} -———-mmmmmmmm——mm—— e 0.0L
Sloride €1} —eor—se  —cemmeenew L4 Uranium {308} --——--——==m=m=m=== 0.108
R s N ot e et e 532 Conductivity. micromhos at &0 F. - 172§
Carbonate {C03} ----——--==========-—- 0 Total altalinity as CaC03 -------- 2yl
Bicarbonats UKDl - wi-wenammadimnminin i3 Total hardness as Ca(03 --—-------= 12b

pHe Unity ————emmcemcccasscacaecs 7.9
Radium-22ka p(i/l ——————————————————————————————————————————————————————————————— 1.94:0.2

Radiochemical tests by Ecology Audits. Inc.. Casper. Uyoming.
ND = Not detected at level given in parentheses.

Above tests were made in accordance with Standard Methods. 1lutk. Editions 1975+ ASTM. WQ0.
and AEC methods.

CHENMICAL AND LABORATORIES

C. E. Davis



cLi-10

C

o] S CHEMICAL & GEOLOGICAL LABORATORIES
P. O. Box 2794
Casper, Wyoming

ANALYTI!CAL REPORT

.from s OPI - UWestern Joint Venture Product.....  BBERI i serens s

Address  Caspers Uyoming Date. ......>eptember ba 1A2T .

Other Pertinent Data i : S e S R . O 2SI o ST

.A'\alyzed by LGy LBy 55, JN oo DaR..neone Sept 17+ 19796 No. 319715

WATER ANALYSIS

®
303-L-P3)
Sample taken September 5+ 1979

» m3/1 mg/1
Total dissolved solids {calculated} - 72 Ammonia {as N} -———--—-e=m=rmem=—= ND{0.01}
Total dissolved solids d{observed} --- 85 Iron {Fe} ———=-—m=m——mmememan———— 0.01
Sodium {Na} <{calculated} --—--=---= ev? Lead {Pb} -———-—=—-—mmmmmmmem———= ND{O.05}

® Sodium {Na} <{observed} ------—---=== 23 Nitrate {as N} ----—---—mm=mm—a== 0.04
POLassiiN IK) —oneresemiidah st L Nitrite {as N} ---=—=—-- -=- -~ --- ND{D.01}
Calcium {Ca} ---—=——============—-=-= e Selenium {S@} ~—-—===m= === mm—=- ND{0.01}
Nagnesium Ng) =—=rr——eesmecaesmcnces 0 Zine {Zn} ——————mmm=me cmmm——————— 0.0)
Chloride {1} =~=-~—=—ecemcecssccnce= cy Uranium {U30g} —----- —========== 0.00
Sulfate {SQ0y} ---———————=-====m=om=== 4 Condw “ivity. micromhos at L80 F. - 115

g Carbonate €03} - mcccsismmitaest. 0 Total alk3linity as CaCfg -——--=-= 31
Bicarbonate {HCO3} --------- e ———— 37 Total hardness as CaC03 --—-=-==== 5

pHy Unity ~—=e—emmemeccessececnena 7.0 |

RAdiUM-23hs PCI/L = =mmmmmmmmmm e o s e oo e 5.05¢0.5

® Radiochemical tests by Ecology Auditss Inc.. Casper. Uyoming.
ND = Not detected at level given in parentheses.

Above tests were made in accordance with Standard Methods. 1l4th. Editions 1975, ASTH. U170
and AEC methods.

®
CHEMICAL AND GEOLOGICAL LABORATORIES
» %\b =

C. E. Davis
OPI-WESTERN JQINT VENTURE,

66T 30 1979

:
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p CHEMICAL & GEOLOGICAL LABORATORIES

rom .
Address
Other Pertinent Data

nalyzed by MD+ LG+ GH- DD

Total dissolved solids {calc.}
Total dissolved solids {obs-.}
Conductivity. micromhos at L&° F. - 1725
Total alkalinity as CaC03

Total herdness as (a(03
Sodium {Na} {calc.}
Sodium {N3} {obs.}
Potassium {K}
Calcium {Ca}
Magnesium {Mg}
Chloride {C1}
Sulfate {SOy}
Carbonate {C03}
Bicarbonate {HCO3}
pH» units
Aluminum {A1}
Ammonia {N}
Arsenic {!s}

Radium-c2ba pCIll
Thoriun-230. pCi/Zl

OPI-Uestern Joint Venture
Caspers Wyoming

P. O. Box 2794
Casper, Wyoming

ANALYTICAL REPORT

e .Preduct .

Date October Sa lq?q

Date . October 30, 1979 lab Ne. 322701
WATER ANALYSIS
Wyomin
303-6-P-
Sample received October 5. 1979
ma/l ma/1
~=a 1383 i e e e e ND{1.0}
--=-= 1454 Barium (B3) -—re—emssrermencnncs ND<0.05)
Cadaium () -———rr—ssmmrnaruce ND{0.00GSY
———————— 120 Chromium {Cr} - ---=--==-===e=ee=-=== ND{0.01}
—————————— 101 Copper {Cu} -------==—=-=========-= ND{0.01}
——————————— M1y Fluorida {(F} -~—--—==ceccccccce—e= .91
———————————— 43 Iron {Fe} {Total} ------=-====-=---0.01
----------- 8 Lead {Pb} ------=--==—=--eme-eee-=-= ND{0.05}
——————————— 37 Manganese {Mn} -------------------- ND{0.01}
----------- e nercupy {Hg} i . e St s - RO R R L
----------- 30 Nickel {Ni} -----=-=-===ccceeeeea-- ND{D.04}
——————————— 62b Nitrate {as N} ------------=-------0.01
——————————— ey Nitrite {as N} --—--=-=—---mmeee---- 0.02
———————————— 85 Seienium {Se} -=---=-=-==-=-------- ND{0.01}
........... 8.b Yt LT v it e, AN
___________ ND{0.05} nOlybdenum {Mo} i e e e . o e e ND{D'US}
........... ND{0.10%} VBnadium {vjo } S — ND{D'DS}
____________ ND{U'UI} Uranium {U3‘68§ - T S < e . S S S ND{D'DUI}
_________________________________________________________ 2.70:1.24
--------------------------------------------------------- 12.045.31

ND = Not detected at level given in parentheses. Radiochemical by EAI. Caspers Uyoming.

Above tests were made in
20 and AEC methods.

CHEMICAL & GEOLOGICAL LABORATORIES

(’ﬁ Lﬂ)_,kj

accordance with Standard Methodsa 14th. Editions 1975+ ASTH.

QPI-WESTEKN JOINT VENTURE
JAN 14 1229

C. E. bavis



&
9 “ CHEMICAL & GEOLOGICAL LABORATURIES
: P. O. Box 2794
Casper, Wyoming

ANALYTICAL REPORT

¥ rom  OPI-Uestern Joint Venture . Produet . . ... Waer

Address . Caspers Wyoming . R L Date October'Ssl‘l?ﬂ ..... T, U I E

Other Pertinent Data - 1] arissaomes s e eeossssseessusemsasR RS SFS IR SNBSS ARSI SO SRR A SRR S5SO VPSS

w.,ﬂed by ﬂDg LG-. Q-l, DD | Date October‘ 301 1"]7‘1 _____ lab No. 32370 a

e e e e s ST —

WATER ANALYSIS
Uy OMIH?
J 303-L-P-1b
Sample received October 5. 1979
ma/1 ma/1

D Total dissolved solids {calc.} --- 1355 Boron {8} =——————reeemcccomeamnann ND{1.0}
Total dissolvad solids {obs. } --—= 1442 Barium {Ba} - e ND{0.0S}
Conductivitys micromhos at 8% F. - 1b15 Cadmium {(d} --————————mmmmmm—————— ND{0.002}
Total alkalinity as CaC03 —-=—=-= 120 Chromium {(r} --————-————————m———e= ND{D.012}

*+ Total hardness as (a(03 ---——----- 100 Copper {Cu} -—-—==——=—==——————=e=o= ND{0.01}
Sodium {Na} {calc.} ~-————---=——= —- Y8 . Fluoride {F} --———-—=—=m=—====m--==1.03

D Soaium {Na} {obs.} ==-=——=——-—m-== 433 Iron {Fe} {Total} --—-——-==—=—=-== 0.01
Potassium {K} -———==——memcmee—co—— 7 Lead {Pb} -—-——————memmmm———————— ND{0.05}
Calcium €Ca) et c——— - 30 Ranganese (MM} ———-—r——omevsonmces ND{C.01}
Magnesium {Mg} --==-—=—=-—=-===—== b Rerary gy - r—ssmmsamseiuaeen ND{0.001%}

5 o8 : : 04y}
Chloride {C1} -———————ccem———- - an Nickel {Ni} ---———————--—mmmmmmm———e NDAD-

’ Sulfate {SO0y} --—--———-———=r-=—==== Nitrate {as \} -——-——-———=—=—==--= ND{Q.01}
Carbonate {C03} -—--——=———====—=== ?HL Nicrite {as N} —-———m—mmmmmmemmmam 0.02
Bicarbonate {HC03} --—-——-—-—== s Selenium {Se} -——————mmmmmmmmmmno= ;jgiggg
pHa Units --=--cmmmmmmme s emememe O Zinc {Zn} --—————mm————————————— !
Auninm (A1} =~=———crermeeesnces :gig?g; Molybdenum 1Mo} --—-———=-—====—== ND{D.05}
Ammonia {N} -———===—=—-wsssmss—s - ND{U'DI)_Vanadium Nallg) ~mrerrromiinu s Nbfg‘ggi}

T e G s 7 Uranium {Ugoai ---------------- ND{O-
Radium-22hs PLI/l = mm e e e  S S s e e L.92+0.93
Doriun-230 pLi/]l v ———— S A ——————— 14.14+5.3

, ND = Not detected at level given in parentheses. Radiochemical by EAI. Casper Uyoming.
Above tests were made in accordance with Standard Meth » 14th. Editions 1975+ ASTH.

Weo and AEC methods. .

CHEMICAL & GEOLOGICAL I.ABORATORIES

) % : QPI-WESTERN JOINT VENTURE
N . JAN 14 1830

C. €. Davis




("
CHEMICAL & GEOLOGICAL LABORATURIES
P. O. Box 2794
Casper, Wyoming

ANALYTICAL REPORT

: . OPI-Uestern Joint Venture . . . Product. .. . WALEF .. .
Address .. Caspers Uyoming . . Date. ... ... October S+ 1979 . .
Other Pertinent Data . aepmsersaioy) B esssasensiiosstssevamesppmmasaisboissans RIS OATSRS tem b SRS £ SR TSR LAY B e 205

alyzed by fD+ LG+ GH+ DD . Date October 30+ 1979 Lab No. .3.22707.3 o

PATER ANALYSIS
Wyoming
303-bL-P-1°
Sample received October 5. 1979
na/1 ma/1

Total dissolved solids {calc.} -— 1b3c Soron {8} ~—————————————ceemennc- - ND{1.0}

Total dissolved solids {obs.} -—-- 15k0 Barium {Ba} ~—————————sesEnssense ND{0.05}

Conductivity. micromhos at L&° F. - 1900 Cadmium {(d} --———————=——m——m————= ND{0.002}

Total alkalinity as CaC03 —-—-= 101 Chromium {Cr} --——==-mm—==—==m=--= ND{0.0l¢

Total hardness as (aC03 --—————-- 113 Copper {Cu} ——-—————=m=—m=—m——-== ND{0.D1}

Sodium {Na} {calc.} ———---—--—— 4B8 Fluoride {F} --———=—————m——m——mmem== 0.70

Sodium {Na} {obs.} --—--—-———-— 500 Iron {Fe} {Total} -—————=——————=w== 0.0l

Potassium {K} --——--———mmmmme— 9 Lead (Pb} -—--———-———==mmm=m===-= ND{0.05}

Calcium {Ca} ———-——————mmmmm—m— 32 Manganese {Mn} ——--—=-——=——======= ND{0.01}

Magnesium {Nig} --——--———-=v ) Mercury {Hg} -——-————-—-——m==m-=-= ND{0.001}

Chloride {C1} -———————=—-- -— 2B Nickel {Ni} --—————-cm—memmmmmaae ND{0.04}

Sulfate {SOL‘} S AN S, WS Wt 1913 Nitrate {as N} -——————————c——=== 0.03

Carbonata €C03) ——————v=roe—as 1c Nitrite {as N} —-——————commmeqo~= ‘ND{0.01}

Bicarbonate {H(03} --———--——-= 8 e N O ND{0.01}

pHs units ---——mmm—mmmme —omeme 8.8 VEAh ST sncsivwasaiaeigsodii ok ND{D.01}

P RV —— L T TR | e ND{0.05}

Anmonia (N} ---————————————— ND{UJU? Vanadium {V20c} -———--m—mm-mmmmnee ND{0.05}

Arsantc (AS) ——r—mmmmmmmianam WO-DRY eantve {U3°a§ e Np40-. 0012

Radium-22b+« pCi/l -—————— T A I SIS ST T W NN S - -t S~ o 15.+L.7

Thorium-230+ pCi/l -—————— e e S e B B

ND = Not detected at level given in parentheses. Radiochemical by EAI. Casper Wyoming.

Lbove tests were made in accordance with Standard Methods. 14th. Edition. 1975+ ASTH.
W20 and AEC methods.

CHEMICAL & GEOLOGICAL LABORATORIES

,gg S OPI-WESTERN JOINT VENTURE
* . JAR 14 1330

C. E. Davis




CHEMICAL & GEOLOGICAL LABORATURIES
P. O. Box 2794
Casper, Wyoming

ANALYTICAL REPORT

: . _OPI-Western Joint Venture  product RN T T .
Address Caspers Uyoming  Date ... ... October 5+ 1979 ...
Other Pertinent Data > : Chirees SusabevesiesnenmosaneiesaELREoRTS SRR SN SRRt SaRs SN AB RSN RS AR SRS SRR 00

alyzed by MD+ LG+ GH. DD Date 49Ct°be!"30‘ 1979 b Ne. 382?0-"

WATER ANALYSIS
Wyoming
303-L-P-22
Sample received October 5. 1979
ing/1 mq/1

Total dissolved solids {calc.} --- 1527 Boron {8} -~——c——rrecrmccncannacnes ND{1.0}

Total dissolved solids {obs.} ---- 147k Bariun (B3} -———rreerrnnscnnnwe ND{0.0S}

Conductivitys micromhos at k&% F. - 1775 Cadmium {Cd} ---———-—e=ememeeaeea ND{0.002}

Total alkalinity as CaC03 -------- 131 Cvonium {(r) -————eormmcrrmnancn ND{0.012}
* Total hardness as CaC03 ---------- 152 Copper {C) ~—rr——remcrmrcerenaseron ND{0.01}

Sodium {Na} {calc.} —--==-mmeee-a 44e Fluoride {F} -~=————ccncccccncasn 0.87

Sodium {Na} {obs.} ----===—==-eeu== 471 Iron {Fe} {Total} —--——====meccccc-w 0.01

Potassium {K} ---—-=-mmeeocmcmae— 8 Lead {Pb} -—---——m—mmmmmmm————ea ND{0.0S}

Calcium {Ca} -—-~-=—-=—mmmmmccm—eea b Manganese {MN} -——=——-=-—ececmcnoee ND{0.01}

Magnesium {Mg} -—=-=-==-mmmemmnaaa 9 Mercury {Hg} ~~—-==mmcommmmmaee ND{0.DO1}

Chloride {C1} ---~-——-—emecceanea- 30 Nickel {Ni} --=——=m———=mememceceaeea ND{0.04}

Sulfate {SOy} --——---==-=u= m—— 14 Nitrate {as N} ~—-——==—-===o-mmueeue 0.03

Carbonate {C03} —=-=-=—==smmeee-us 0 Nitrite {as N} —=—=-—mmmmmmimmaaan _ND{0.01%}

Bicarbonate {H(03} ----—=--=---=ux 159 Selenium {Se} -———=-m=mmmmmmmeaeaao ND{O0.01}

pH+ units e e 8.2 A R e _NDAO.01}

Aluninum {A1} ---=—-mmmmmmeeen NDfD'GS} Molybdenum {Mo} -——-——===-ceomenuaa ND{0.D5}

Ammonia {N} ~------m-==—=mmmmmmme NDLO-10} yanadium (Va0c} ——-—-=-mmmmmmmmmam 11D{0.0S}

krsenic (A8} ~~—=——srscmvncumacon NDAD-D13 yranium {U305§ --------------------- 0.145

Radium-22bs pli/]l - e e e e e e 5.3:0.83

Thorium-230+ pCi/]l ~~-——-cmrm e e e e 25.5¢7.9

ND = Not detected at level given in parentheses. Radiochemical by EAI. Caspers Uyoming. 7

W20 and AEC methods.

CHENMICAL & GEOLQGICAL LABOURATORIES

%&% CHIWESTERN JOINT VENT
e : URE
‘ JAN 14 1230

C. E. Davis




CHEMIC,.. & GEOLOGICAL LABORACRIES

4 ‘ P. O. Box 2794
Cn.spor, Wyoming

ANALYTICAL REPORT

. OPI-Uestern Joint Venture
Address Caspers UWyoming

Other Pertinent Data

...Preduct

Water . o e
October 5. 1979

Eolyred by "D+ LG‘ GH» DD ; : Date _October 30, 1929 Lab No 32270-5
WATER ANALYSIS
Uyomin
w T
» Sample received October 5. 1979
m3/1 mnq/
.Total dissolved solids {calc.} --- 780 Boron {B} ---—-——mmmmmmmem e ND{1.0}
Total dissolved solids {obs.} ---- 522 Barjua (B2} - —memecccccssa ND{0.05}
Conductivity. micromhos at b&° F. - 1115 Cadmium {(d} ~———mmm—mmmmmmm e ND{0.002}
~ Total alkalinity as CaC03 ---=—--= 170 Ovoslum (Cr) ~~—e—evrmreensccannes ND{0.01}
Total hardness as (a(03 ------=--- 380 Coppar {CuY =-=—e-—=smemecccccnrcs ND{0.01%
Sodium {Na} {calc.} -------=-=---- 143 Fluoride {F} =-~——-=—-cemececccmcn——- 0.63
pSodium {Na} {obs.} -----mmmmmmoo- 152 Iron {Fe} {Total} --——-—-—=—m-=—=—e- 0.2y4
Potassium {K} ---=-ve-cececcccccca 3 Lead {Fb} -—————mmmmmmr e NDA{0.0S}
RElciun 1Ca) -+ emmcsve——n 10? Manganese {Mn} ———=——----=mmm=mma= 0.15
I Ragnasiue (Ng) ~—~rromvronancras 10 Mercury {Hg} --——--==-mm—emem—————— ND{0.001}
. Chloride ((1) -~=—~———r-cocmmaan—as Sk Nickel {Ni} --——-———mmmmmmmmee ND{O.0u4}
sulfete (30y) -——mosccmsmrinccscn 359 Nitrate {as M} --—-——mcccmecemaccwe- 0.03
DCarbonate {C03} —————————————————— 0 Nitrite {as N} -~——=—m—eccmmmmeeeeae ND{D.01}
Bicarbonate {(H(03} ----—roececacca ca? Selenium {Se} ———————mmmmmmmcm— NDfU 01}
pHs units ~~---Smmmemmmmmem e 7:b v e e 8.3
Aluninum A1} =-=m—cmmmmm e eem ND{O.0S} Molybdenum {lig} —=-==-—====mmemmmeue ND{D.05}
Ammonia {N} ----——-=cemmmmemmeeees ND{0.10} yanadium {Va0c} --——=-=---==mm=oemen ND{0.05}
.Arsenic {AS} ----mmmmmmmm—m———eee 0.0k Uranium {Uaoai’ ------------------ 0.500
- Radium- 224, pCl/l ——————————————————————————————————————————————————————————— 3kyty
------------------------------------------------------------ 2.0b*2.3

Thorium-230. pCi/l

ND
*

WQ0 end AEC methodse.

CHEMICAL & GEOLOGICAL LABORATORIES

B A O

C. E. Davis

= Not detected at level given in parentheses.

Radiechemical by EAI. Caspers Uyoming.

Atbove tests were made in accordance with Stendard Methods. 14th. Editions 19752 ASTH.

CPI-WESTERN JOINT VENTURE

JAN 14 1830



CHEMICAL & GEOLOGICAL LABORATORIES
P. O. Box 2794
Casper, Wyoming

ANALYTICAL REPORT

From 0PI Western Joint Venture Product Water
Addiass Cuspers Uyoming Date November l2. 1979
Otrer Pertinent Da‘a
Anslyzed by J8s JM. PT. BY Date Dec: 19+ 1979 (4p No. 32L23-1
| WATER ANALYSIS
Bison Basin. Uyoming
03 b-P-7?
Sample taken November 5. 1979
‘b =g/l mg/l
Total suspended solids ~—=—ecwmee=e * Chromium (Cr) =~==-esecmmmec——= =
Total dissolved solids (calc,) =-=-- 1l o S (TS B e —— *
Total dissclved solids (obs.) ----- 1350 Fluoride (F) ~——meemmmemecae—— - &
Conductivity @ 68°F., micromhes --- 172§ Iron (Fe)(total) =——-em—e=ws 0.2k
| Total alkalinity as CaCO3 --------- €0 Iron (Fe)(dissolved) =—==—w—eee ¥
‘ Total hardness as Caco3 ---------- S8 Lead (Ph) =—=-m—memmcc e —— ND{D.05}
| Sodium (Na) (calc.) ==Se-ccrcace —-— 424 Manganese (Mp) —=———m-mmmee——e— ¥
| Sodium (Na) (obs.) ===cevm—veme—- — 459 Mercury (Hg) -===m--=-smeceenee ¥
| Potassium (K) ===-cesmeecoremaeaae ? Molybdenum (Mo) ==-—mmm=m—=mmmem ®
| L (o B —— 25 Nickel {Ni) - - *
f Magnenium (M) —~~rmmecressevnnncs 8 Nitrate (as N) 0.03
| Sulfate (SO,) 890 Nitrite (as N) ———-——ememmenm- ND{D.01}
Chloride (CQ) --------------- - 30 Phenols ===v--— - &
‘ Carbonate (C0,) - 0 Phosphorus (PO,) ——-=-—emveeee= ¥
Bicarbeonate (AC03) ------------ — 110 Selenium (Se) ~———e-=—mmmmm————= ND{O0.21>
PR UL mesansat s nin e a—— 7.9 Silica (510,) —=-——mmmmmm———— S
| Aluzinum (Al) -=-——ece——ecccmn—— — % Silver (Ag) -=————=mmemmmemeane *
| Amzonia (88 N) ——--cemmmoamemeneaaa ND{D-1} Sulfide (S) -- - *
| Arssnin (AB) wrrmvrencissimmnmiay ND{0.0L} Zine (Za) 0.0?
| Boron (B) —===---semcscmmcmceem——— X Vanadium (V.0_) ———=cemmmcewmee ¥
Bariua (Ba) ~—=—~-=sem-ercommacnae—. 2 Uranium (0,0,.] 0.05L
r e e T R * Th, 21)11v81PS —cmemmmmemem 8
Bromide (BY) ~=—-cecnrccccconascsacs x Turbidity (JTU'S) =-—=emmmmmm - 8
Cation-Anion Balance --=----=-oe= -— % 011 and prease (Freon Method) - %
| Codmivl (G} worommmmmmnmmunmpiepse -— ¥ Chemical Oxygen Demznd (COD) -- %
| Cyanide (CN) ===-recrccccccecae= — %
|
b T O O S 5.2420.55
| Gross Alpha, pCi/l e e - A e S S *
| Gross Beta, pCi/l ~=--eemomammuan —— e ot s B S *
Thorium-230, pCi/l ~--eeecuamas - - sk s st |
Lead-210, pCi/l ~=-esmmecrommncnane - ———— s
RS T et T R S T T T R e *

Polonium-210, pCi/l -~

-

XD = Not detected at level given in

* = Test not requested,

parentheses, Radiochemical tests by Ecology Audits. Uyo.

| Above tests were —~ade in accordance with Standard Methods, léth Edition, 1975, ASTM, ".QO

| and AEC zethods.
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CHEMICAL & GECLOGICAL LABCRATORIES
P. O. Box 2794

Casper, Wyoming

ANALYTICAL REPORT

cL'o
From 0PI Western Joint Venture
Address Casper+ Uyoming

Other Pertinent Data

Analyzed by J2. JR. PT, BY

Preduct Water

Cate

Date

November 12+ 1979

Dec. 19+ 1979 Lab Ne.

T =

HATER ANALYSIS

Bison Basin. Wyoming

303 -P-1b

Sample taken November 5+ 1979

Chromium (Cr) =——=—eveee———— —
Copper (Cu) ==——rmmcrmecmccne—e
Fluoride (F) - —

Iron (Fe)(total) =~—w————=eee-e
Iron (Fe)(dissolved) =-====ne=e
Lead (Pb) —
Manganese (Mn)
Mercury (Hg)
Molybdenum (M) == ——=memem—a——
Sickal (ML) -—wwmsscmcucsane

Nitrate (as N) ———-em—mmmmmen
Nitrite (as N) —-——ree—enen=
Phenols ~—————eemm e
Phosphorus (PO‘) ———————————
Selenium (Se) —=———~wmmme—mcmean
Silica (5i0,) ==——m——wmem———- -
Silver (Ag) - e

Sulfide (§) ~+—rmecer—momcecaaa

Zine (2a) ————cccmemre -
Vanadium (V,0.) ~=~wmememeee——-
Uranium (U 6 3 ————————
ORIV [ R
Turbidity (JTU's) ==-eemee
011 and grease (Freon Method) =
Chemical Oxygen Demand (COD) -~

Cross Beta, pli/l = e e e e e e e e

e e . T .

=g/l
Total suspended snlids ~--cmevececa =
Total dissolved solids (cale.) ---=- 1354
Total dissoived solids (obs.) === 1310
Conductivity @ 68°F., micromhos --- 192§
Total alkalinity as CaCQ, -=~—===== 9§
Total hardness as CaCOJ Femmesmenee 118
Sodium (Na) (cale.) ==Seecvecaeea —— 403
Sodium (Na) (obs,) ~~=ecmcmcameee -— N3N
Potassium (K) ---- - L
Calcium (Ca) =~==-mommcmcccmccceeee 34
Magnesium (Mg) ———-mememcecanaaas — 8
Sulfate (S0,) ==smmcmmm e e - 817
Chloride (Ci) -- 32
Carbonate (CO.) 1}
Bicarbonate (aCOJ) ------------ - 118
pH, unitsg ==—meetr e 8.0
Aluminua (Al) =-=——rmremccccccccc—— %
Aumonia (as N) ==--ew-eccmcconmanca ND{2.1}
Arsenic (As) -===s--memeeicccmeeeee  ND{0.01l}
Boron (B) ~=——===mmmeemm e e — %
Barium (Ba) -~—-—eememmcmes e *
Beryllium (Be) =——-=cc——mmemoeeemae *
Bromide (Br) ——e-eememmmmc e *
Cation~Anion Balance -=--- C———— -— %
Cadmium (Cd) ==-==mmmmmm e —_ %
Cyanide (CN) - *
Radium-226, pCi/1 --- -
Gross Alpha, pCi/l ==-- -
Thorium-230, pCi/l
lead-210, pCi/l ~-=w=ea B
Polonium=210, pCi/]l ~==cave-e -

- e e o . 2 i

g

?

D{0.0S»

EENT DO

0.02
ND{0.01}
*
*
ND{D.0L}
x
*
®
0.0
*
0.002
x

=

=

x

ND = Not detected at level given in parentheses. Radiochezical tests by Ecclogy Audits. Uyo.

* = Test not requested.

Above tests were made in accordance with Standard Mer“ods, l4th Edition, 1975, ASTM, WQO

and AEC methods.
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L
CHEMICAL & GEOLOGICAL LABORATORIES
P. O Box 794
Casper, Wyoming
ANALYTICAL REPORT
From 0PI Uestern Joint Venture Product Water
Address Casper+ UWyoming Date November 12+ 1979

Other Pertinent Date

Analyzed by JM. JB, PT. 8 Date Dec. 19 1979 Lab Ne. 32bE3-3

L e - ==

WATER ANALYSIS

Bison Basin. Wyoming
303 b-P-19
Sample taken November S+ 1979

ng/1 og/l
Total suspended solids ---=crmuceea % Chromium (Cr) ===-=me=———- —— ¥
Total dissolved solids (calc.) ---= b Copper (Cu) ==-=memcmeeeeccmee $
Total dissolved solids (obs.) ----= Lb“0 Fluotide (F) ~sweesvesswumonces B
Conductivity @ 68°F., micromhos --- 1825 Iron (Fe)(total) seem—ewormmews 0«08
Total alkalinity as c.c03 ------ - 7 Iron (Fe)(dissolved) ———r—=——== ¥
Total hardness as CaCO3 ---------- 12? Lead (Pb) --— ND{O.0S}
Sodium (Na) (cale,) == vemsceeea -— 438 Manganese (Mp) ——-=——m—mmm——— -—
Codium (Na) (obs.) =—cecevmmane—a - S0 Mercury (Hg) s
Potassium (K) ~—ecevmes mommaeaee - 10 Molybdenum (Mo) ~=-=-wmm—ecacee ¥
Calcium (Ca) ~=cmmmmmemc e - 3y Nickel (Ni) x
Magnesium (Mg) --———vemcmeeecena -— 12 Nitrate (as N) 0.0
Sulfate (S0,) ==--v-vrmcreccoccaan -~ 1078 Nitrite (as N) —=-—-mmmemenean NDAD. Jut
Chloride (Ci) e ——————— -— oY Phenols =--- *
Carbonate (C0,) —~—-—cememecmmnna -— 0 Phosphorus (‘o‘) OSSR
Bicarbonate ( C03) -------------- - 93 Selenium (Se) ND{O.01}
pH, units ~ecomeetececcncann 8.0 S$114ea (810,) swiscnmccnmeas 8
Aluminum (Al) - : Silver (Ag)” — %
tzmonia fas N) ==-comvmem e ND{0.1} Sulfida () —weovemenmmmonvmoses 8
Arsenic (48) =emmcemmcmmc e c————— ND{O-01} 2inc (Zn) -- 0.02
Boron (B) =<=—ewerconcescmeennees - 3 Vanadium (V,0_) -==<e-em—eeceae X%
Barium (Ba) ~=eememceccace e — % Uranium (U 6 i 0.00k
Beryllium (Be) ~=-we-emccccrccaance % Eh, nillivgl s *
Bronide (Br) —-—-ce-emceccccccannee % Turdidity (JTU'S) ==eee—cemceaa x
Cation~Anion Balance —-=-e= cocuan -— % 0i1 and grease (Freon YMethod) - %
Cadmjum (Cd) —~-mmmmm e - % Chemical Oxygen Demand (COD) -- %
Cyanide (CN) _— *
Radium=226, pCi/l == e -— - 14.1+0.83
Cross Alpha, pCi/]l ~mcmmmm e e e o *
Cross Beta, pCi/f]l —=—cmmm s e —— v anacs B
Thorfun=230, pCi/l == o et e ————— = '
Lead=210, pCi/] =eecocrmmccmmccnanas - x
Poloniwm~210, pCi/l ---- DUV NSe——— o =

ND = Not detected at level given in parentheses. Radiochemical tests by Ecology Audi*s. Yyo.
* = Test not rec ~sted.

Above tests were made in accordance with Standard Methods, l4th Edition, 1975, ASTM, WQO
and AEC cethods.
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cLi 10
CHEMICAL & GEOLOGICAL LABORATORIES
P. C. Box 2794
Casper, Wyoming
ANALYTICAL REPORT
From 0PI Uestern Joint Venture Product Water
Address Casper+ Uyoming Date Novem jer 12+ 1979

Cther Pertinent Data

Anslyzed by JM. JB. PT, BUY Date Dec. 39+ 12979 Lab No. 32L23-4

Bison Basin. Wyoming

303 b-P-22
Sample taken November S+ 1979

og/1 mg/1
Total suspended solids —-=-=—ccauaa * Chromium (Cr) b
Total dissolved solids (calc.) ---= 1b0b Copper (Cu) ~=—=emcemrnm e %
Total dissolved solids (cbs.) ===== 1530 Fluoride (F) ~——receecececccnes ¥
Conductivity @ 68°F., micromhos --- 177§ Iron (Fe)(total) ------—=eee-—= 0.08
Tctal alkalinity as CaCOs ~~~~~ -— 134 Iron (Fe)(dissolved) =-w=v-— -
Total hardness as CaCOJ --------- - 1:8 Lead (Pb) ~---emmeem—emcmeee——-  ND{0.0S}
Sodium (Na) (calec.) ==S—cmeccaaaa - 4&0 Manganese (M) ~~———seneneee— %
Sodium (Na) (obs.) ==-===ee-neeue - SD8 Mercury (Hg) s
Potassium (K) ==--=cceemcemcmceane. -] Molybdenum (Mo) =====———ec—aeee ¥
Calcium (Ca) ==r-=mmmcmccccccccaaea 47 Nickel (Ni) -- *
Magnesium (Mg) ~~--=-emmmcmm———— 12 Nitrate (as N) 0.33
Sulfate (S0,) —==veccmmmmmem e 4y Nitrite (as N) ND{O.01}
P i | - 2 Phenols .
Carbonate (CO,) -=me-me————cmccnaan 0 Phosphorus (PO,) —===m—mmm -— 8
Bicarbonate (AC()}) ---------- == 1b3 Selenium (Se) ND{C.01}
PH, URILS —mmmee e 7.9 Silica (510,) *
Aluninue (Al) =—=-e--eeecmeeeeeeee g Silver (Ag) *
Azmonia (as N) —==——ece—ccmcamccnue  ND{0.1} Sulfide (8§) ~——emm—eemmeeececna &
Arsenic (As) ~==-remmemmmmmeeeeeo N0 03) Z2inc (20) ~~owem—mccmremsseses .05
Boron (B) —=-=—mmmmmmm e - % Vanadium (V,0,) ~=——--cemecceee &
Barium (Ba) =---=-—csemm e * CUranium (V.0 0.118
Beryllium (Be) ~--—-emeccmccemeeeee g Eh, m1111v31Ps *
Bromide (Br) - * Turbidity (JTU's) -=—=——erem - %
Cation-Anion Balance ——-=—meme-meee g Cil and grease (Freon Method) - %
Cadmium (Cd) -=-- - x Chemical Oxygen Demand (COD) -- %
Cyanide (CN) ---- *
Radium-226, pCi/]l === e el 11.8+0.86
Gross Alpha, pCi/l ---vreeea R =
Gross Beta, pli/]l —— s e e e e e e x
Therium=230, pCi/l == me o e e e e e ————m—— ¥
Lead-210, pCi/l ~—mmmmmo e e e e e - 3
Polonium-210, pCi/l ~=-ovmmcommmme o e —————————— ———— *

ND = Not detected at level given in parentheses. Radiochemical rests by Ecology Audits. Wyo.
* = Test not requested.

Above tests were made in accordance with Standard Methods, l4th Zditdion, 1975, ASTM, wWQO
and AEC methods.
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CHEMICAL & GEOLOGICAL LABORATORIES
P. O. Box 2794

Casper, Wyoming
ANALYTICAL REPORT

Water
November 12, 1979

From OPI WUestern Joint Venture
Adidrota Caspers Uyoming

Other Pertinent Data

Product
Dare

Anslyzed by JMs U8+ PT. B 3e623-5

Dec. 1% 1979 1y we.

WATER ANALYSIS

Bison Basin. Wyoming
303 b-P-31
Sample taken November 5+ 1979

zg/1

1307
1340
700
199
550

Chromium (Cr) —=-=—=—mm—————— P
Cop;er (Cu)
Fluoride (F) -
Iron {Fe)(tor 1) —==mecememc————
Iron (Fe)(dissolved)

Lead (Pb)
Manganese (Mn)
Mercury (Hg) -
Molybdenum (Mo) ==—-=====m=— -
Nickel (Ni) -- -

Nitrate (as N)
Nitrite (as N) ——=me—mcmm——— s
Phenols - -
Phosphorus (PJ,) ——=-——eeee== N
Selenium (Se) ~=——=-=—meemce—— -
Silica (8i0,) ~=mewemnne
Silver (Ag)

BUlTERE (B) wowmrotimn it il
2ine (28) ~~—ccmemcmeee i .
Vanadiua (V,0.)
Uranium (U 6 3 St Sy
Eh, nxllivsl s

Total suspended solids
Total dissolved solids (calc.) =-=-=
Total dissolved solids (cbs.) =~===
Conductivity @ 68°F., micromhos -——
Total alkalinity as CaCO
Total hardness as CalO
Sodium (Na) (calc.) €7
Sodium (Na) (obs,) —==e—wecccnees - 238
Potassium (K) ~===-=eeemeccea— —— 3
Calcium (Ca) ==v-rcorvcscencccnnn - 39§
Magnesium (Mg) ~—--——-mm—eeeemeeee 15
Sulfate (SO 578
Chloride (cf) M a4
Carbonate (C0,) ==-rememceccccncee= [
Bicarbonate (ACO)) 242

pH, URItE reeme—temimcnmne - 7.4
Aluminum (Al) ——-r—=cemecmeneeae— -— %
Azmonia (as N) ND{D. 1}
Arsenic (As) 0.02
Boron (B) w—ewr——escaremcncnannn wies )
Barium (Ba)
Beryllfum (Be)

R

002

=
“
o

D{0.01}

L B e i

c———

. i e o . e 3

-

Bromide (Br) ——cccmccmcncccc e
Cation-Anion Balance ====== rmecce—ue
Cadmium (Cd) ==w-emcmmec e —.

Turbidity (JTU'S) -= ——--mm—e—
011 and grease (Freon Method) =
Chemical Oxygen Demand (COD) --

-

Cyanide (CN) --

T TTIONE | TS A SR S —— SR — ]
Gross Alpha, pCi/l

Gross Beta, pCi/l

R R P—

Lead-210, pCi/1

Polonium-210, pCi/l

ND = Not detected at level given in parentheses. Radiochemical tests by Ecology Audits. Uyo.
* = Test not rejuested.

Above tests were cade in accordance with Standard Methods, l4th Edition, 1975, ASTM, WQO
and AEC methods.
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CHEMICAL & GEOLOGICAL LABORATORIES

P. O. Box 2794
Casper, Wyoming
ANALYTICAL REPORT
From 0P1 - Uestern Joint Venture Product Water
Address Caspers Uyoming Date 12-13-71

Other Pertinent Data

Anslyzed by PT+ JB. JM. BUY Dare 3-18-80 (b No. 32875-1
WATER ANALYSIS
303-b-P-1b
lample taken December 7. 1979
o/l =g/l
Total suspended solids -———=—e—e —— Chromium (Cr) *
Total dissolved sclids (cale.) ---- 1340 Copper (Cu) x
Total dissolved solids (obs.) ---— 1402 Fluoride (F) - *
Conductivity @ 68°F., micromhos --- 1300 Iron (Fe)(total) ————weee—-— (.03
Total alkalinity as CaCO3 - ——— 10k Iron (Fe)(dissolved) — %
Total hardness as CaCOJ e w3 Lead (Pd) ND{0.0S5)
Sodium (Na) (cale.) -==-ee-a —————— 38y Mangarese (Mn) *
Sodium (Na) (obs.) 329 Mercury (Hg) =
Potassium (K) b Molybdenum (Mo) ~—-—cememmeeee 8
Calcium (Ca) - uy Nickel (Ni) ®
Magnesium (Mg) -- 8 Nitrate (as N) 0.08
Sulfate (SO,) - A00 Nitrite (as N) ND{O0.CL}
Chloride (Ci) 34 Phencls =
Carbena' e (CO,) 0 Phosphorus (PO‘) i
Btcarbonate (RCO,) —-nmmommmmmme- - 19 Selenium (Se) ND{0.01}
pH, units --- — 8.2 Silica (5102) L
Aluminum (Al) -- * Silver (Ag) — %
Ammonia (as N) --- 0.18 Sulfide (S) -— %
Arsenic (As) -- «—==  ND{D.0L} Zinc (Zn) — ND{O.01}
Borem (B) -~ * Vanadiua (V,0.) ~—————— e
Barium (Ba) * Uranium (U 6 —mm e e ND{0. 001}
Beryllium (Be) . £h, mi111v31Ps *
Bromide (Br) z Turbidity (JTU'S) ——— =
Cation~Anion Balance ----= cccmmvew g 0il and grease (Freon Method) - *
Cadaiuz (Cd) = Chemical Oxygen Demand (COD) — &
Cyanide (CN) *
Radium-226, pCi/l ——— 8.b20.7
Gross Alpha, pCi/]l ——-cmemam e -— ———— x
Gross Beta, pCi/l --— - ——- -—_ —— —— X
Thorium-230, pCL/]l -~-——mv =
Lead-210, pCi/1 --- *
Polonium-210, pCi/1l -——- =

ND = Not detected at level given in parentheses. Radiochemical tests by EAI. Casper, Uyoming.

* = Test not requested.

Above tests were made in accordance with Standard Merhods, l4th Edirion, 1975, ASTM, WQO

ind AEC zethods,

CHEMICAL & GEOLOGICAL LABORATORIES

720

C. E. Davis




cLi1o

CHEMICAL & GEOLOGICAL L BORATORIES
P. O. Box 2794

Casper, Wyoming
ANALYTICAL REPORT

From 0PI - Western Joint Venture Product Water
Other Pertinent Deta
Analyzed b'PT, JB+ Jf. BY Date 1-18-80 Lab No. 32875-2
WATER ANALYSIS
303-6-P-19
Sample taken December 7. 1979
=g/l =g/l
Total suspended solids ~—-—cweceees g Chromium (Cr) L
Total dissolved soli’ls (cale.) ---- 1822 Copper (Cu) b
Total dissolved solids (obs.) --—-— 183k Fl.oride (F) %
Conductivity @ 68°F., micromhos --- 207§ Iron (Fe)(total) ——=-=m——-——=— 0.03
Total alkalinity as CaCO, -~ e Iron (Fe)(dissolved) -—=-———eee b
Total hardness as CaCO, ~- ——— 185 Lead (Pb) — N2{0.0SY
Sodium (Na) (calc.) == ~-=cmeeeae— §}7 Manganese (Mn) -=-——-vceec——— %
Sodium (Na) (obs.) =——-reemmemee—e uas Mercury (Hg) s
Potassium (K) -~ 9 Molybdenum (Mo) -————-= *
Calctun (Ca) =~~==-meeecemcemmcacne—e S Nickel (Ni) s
Magnesium (Mg) —==—-—=wemmmeaaam— 1} Nitrate (as N) 0.02
Sulfate (§0,) =———=mmmemmm———— -— 1150 Nitrite (as N) ND{O.01}
Chloride (Ci) - ce Phenols -- *
Carbonate (CO,) =~—mree e @ Phosphorus (P0,) ——————eeemveee ¥
Bicarbonate (aCOJ) 14 Selenium (Se) ————e —= ND{0.01}
pH, units 8.4 Silica ($10,) —a B
Aluzminum (Al) - * Stlver (Ag)’ - —memacamees
Amsonia (as N) --- 0.30 Sulfide (§) —=———emmmmm—ee %
Arsenic (As) =-=-— ND{D.01} - Zinc (2a) ND{0.01)
Boron (B) ~=- -— * Vanadium (V,0.) -~——c—eeeeeee 8
Barium (Ba) - — * Urantum (0,0 ; 0.002
e T T % Y E———- th, mi111vd1Ps *
Bromide (Br) - - * Turbidity (JTU's) —~eeeee L
Cation-Anion Balance ——=——eeeeea—— * 011 and grease (Freon Method) - *
Cadzium (€d) =~=-—memmmemmmmee e g Chemical Oxygen Demand (COD) — #
Cyanide (CN) -- *
Radium~226, pC1/1l =~cwmemeun — b.b*1l.8
Gross Alpha, pCi/l —~-ee—e - x
Gross Beta, pli/l -~ —— — — %
Thorius-230, pCi/l ~-—=- - ®
Lead-210, pCi/l ----=- —— *
*

Polonium-210, pCi/1 -

ND = Not detected at level given in parentheses. Radiochemical tests byEAL. Casper, Uyoming.

* =« Test not requested.

Above tests wvere made in accordance with Standard Methods, l4th Edition, 1975, ASTM, WQO

and AEC methods.
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cLie

CHEMICAL & GEOLOGICAL LABORATORIES
P. O. Box 2794
Casper, Wyoming
ANALYTICAL REPORT

From OPI - Western Joint Venture Product Water
Addnsn Casper, Uyoming Bats 12-13-79
Other Pertinent Data
Analyzed by PT. JBy JMy BY Date 1-18-40 Lab No. 32875-3
» WATER AMALYSIS
303-b-P-22
Sample taken December 7, 1979
2g/1 =g/l
Total suspended solids -==———-eee=e % Chromium (Cr) %
Tetal dissolved solids (calc.) --—-- 1358 Copper (Cu) b
Total dissolved soliis (obs.) ----— 1422 Fluoride (F) x
Conductivity @ 68°F., micromhos -— ¢£250 Iron (Fe)(total) =———=emeee—e— 0.03
Total alkalinity as Cact)3 ——————— 122 Iron (Fe)(dissolved) ~————e— &
Total hardness as CaCO3 - 2lb Lead (Pb) ND{0.0S}
Sodium (Na) (calc.) —= ——— 3k} Manganese (Mn) s
Sodium (Na) (obs.) 40k Mercury (Hg) *
Potassium (K) --- 8 Molybdenum (Mo) ==—-—-—e———eem= ¥
Calciun (Ca) kS Nickel (Ni) e
Magnesium (Mg) ~=-==v==er ——eeee—e 13 Nitrate (as N) ND{D.01}
Sulfate (S0,) 730 Nitrite (as N) ND{0.01}
Chloride (Ci) ~~~~~~~~~~ ——— 48 Phenols b
Carbonate (CO.) o Phosphorus (po‘) iseneunein. B
Bicarbonate (ﬂcol) ----------- - 1M9 Selenium (Se) ND{O.01}
pH, units --—---= -— e-0 Silica (5i0,) .
Aluminum (Al) ~==c-ememm e B Silver (Ag) — %
Ammonia (as N) ~~——cemmemcmeeceees 0.29 Sulfide (S) s
Arsenic (As) ---- ———— ND{D.01} 2Zinc (Za) — ND{D.0L}
Boron (B) -===— * Vapadium (V,0.) ~———-cme—eeeeee ¥
Barium (Ba) -——--m— * Urantum (0,07 0.108
Beryllium (Be) - * 25, SALIIWITS s 8
Sromide (Br) e sasn * Turbidity (JTU'S) ——=—eem—eee %
Carion-Anion Balance ~=-=vceceeee— = 011 and jrease (Freon Method) - ¥
Cadmium (Cd) - x Chemical Oxygen Demand (COD) — %
Cyanide (CN) 1
Radlum~22G, pCi/l —~eevmmeee ——— 7.640.b
C:oss Alpha, pCi/l ~——m-emeee *
Groee Reta, pCi/l --— == a—_— — *
Thorium-230, pCi/l --~eeme- - x
Lead-210, pCi/l =--— -
*

Poloniu=-210, pCi/l —-

ND = Not detected at level given ia parentheses. Radiochemical tests bygAl, (asper. Wyoming.

* = Test not requested,

Above tests were made in accordance with Standard Methods, l4th Editionm, 1975, ASTM, WQO

and AEC methods.

CHEMICAL & GEOLOGICAL LABORATORIES
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cLi-1o

CHEMICAL & GEOLOGICAL LABORATORIES

P. O. Box 2794
Casper, Wyeming
ANALYTICAL REPORT
From 0PI - Western Joint Venture Product Water
Address  Casper. Uyoming Date 12-13-7

Other Pertinent Data

Analyzed by PT. JB+ JM. BW Date 1-18-40 Lab No. 32875-4

WATER ANALYSIS

303-6-P-31
Sample taken December ¢+ 1979

=g/l ag/1
Total suspended solids -~--————veeee = Chromium (Cr) b
Total dissolved solids (calc.) -—— 13k} Copper (Cu) b
Total dissolved solids (obs.) L1420 Fluoride (F) e
Conductivity @ 68°F., micromhos -— 1350 Iron (Fe)(total) —————m——meeee 1.38
Toral alkalinity as CIC03 ————— 220 Iron (Fe)(dissolved) ——-=cewee— ¥
Total hardness as CaC0, ~————cewm—e 75 Lead (Pb) — ND{0.05}
Sodiuam (Na) (calc.) = ——cmmemeee—— 172 Manganese (Mn) *
Sodium (Na) (obs.) 234 Mercury (Hg) %
Potassium (K) -—=~——-eeemecccaacaeee 3 Molybdenum (Mo) -e—rmmeem—e—— ¥
Calcium (Ca) 2s0 Nickel (Ni) %
Magnesium (Mg) ---—- 1lb Nitrate (as N) 0-02
Sulfate (SO,) ~— 710 Nitrite (as N) ND{0.01}
Chloride (C,) ——— 78 Phenols 3
Carbonate (CO,) - —— a Phosphorus (P0,) —————eeeeeee ¥
Bicarbonate (ﬂcoz) B . . Selenium (Se) ND{D.0LY
e . 73 Silfca (510,) -
Aluninum (Al) --- —_ % Silver (Ag) o
Ammonia (as N) ——————mmmmmmmee ——- 0.53 Sulfide (S) x
Arsenic (As) -- - ND{D.01} Zinc (Zn) 0.0h
Boron (B) * Vanadium (V. 0,) -~ ¥
Bariua (Ba) * Uranium (U 8.3 ———eee——. 0.755
Ty ey o S —— —— Eh, 2411iv31ls *
Bromide (Br) —— * Turbidicy (JTU's) z
Cation-Anion Balance ~~=---ceme—eee % 011 and grease (Freon Method; - *
Cadnium (Cd) -——-~--- * Chemi{cal Oxygen Demand (CCD) -- %
Cyanide (CN) =
Radium-226, pCi/1 1121+7.0
Gross Alpha, pCi/l -- - %
Gross Betz, pCi/l ~~————emceuaa *
Thorium-230, pCi/1 - - o ¥
Lead-210, pCi/l --- :

Polonium-210, pCi/l — -
ND = Not detected at level given in parentheses. Radiochemical tests by EAI. C(aspers Uyo.
* = Test not requested.

Above tests were zade in accordance with Standard Methods, l4th Edition, 1975, ASTM, WQO
and AEC methods.

CHEMICAL & GEOLOGICAL LABORATORIES
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C. E. Davis




CHEMICAL & GECLOGICAL LABORATORIES
P. O. Bex 2794
Casper, Wyoming
ANALYTICAL REPORT
From 0PI - Lestern Joint Venture Product
Address Casper. Uyoming Date
Other Pertinent Date

Anelyzed by JM- PT. JB, (N Date 3 33131-)

WAIEA ANALYSIS

Bison Basin
303-b-P-1b
Sample taken January 8. 170

Total suspendesd solids Chromium (Cr) -——=——wmemm—a— ——

Total dissclved solids (calc.) ---= Copper (Cu) ==cmmmcmmm e —

Tetal dissolved solids (obs,) =-=== 1 Fluoride (F)

Conductivity @ 68°F., micromhos --- Iron (Fe)(total) --=--cecemee-= 0.10
Total alkalinity as CICO3 ----- - Iron (Fe)(dissclved) ~-- ————

Total hardress as CaC0, ==~emeee- -— Lead (Pb) —~--omcmmcrmcceeeae= \D{0.0S5}
Sodium (Na) (calc.) =~~Temeccomaaa— Manganese (Mn) —=————ceeecaeaae g
Sodium (Na) (obs.) —~—=mcommcmmee e Mercury (Hg) x
Potassium (K) ---- —— Molybdenum (Mo) =--=c-vecmceeee %
Calcium (Ca) -- ——— 40 Nickel (Ni) *
Magnesium (Mg) ———--—mmcemmemeeo Nitrate (as N) ~c-mmeeme e 0.02
Sulfate (S0,) —==--sommmmmeceeeeeee 790 Nitrite (as N) ~—-- ND{0.012
Chioride (cl) a2 Phenols *
Carbonate (CO,) 0 Phosphorus (PO‘) ————————————— X
Bicarbonate ( COJ) ----------- — 120 Selenium (Se) ~~—w=veccmuene.e NDI{D.01)
PH, uBits ~——m e - 7.5 Silica (S10,) *
Aluminua (Al) ~~=-mmeemm e — Silver (Ag)“-- *
Amaonia (as N) 0.25 Sulfide (S) x
Arsenic (AS) ~~e-dmmcm e ND{D.0L}  Zinc (2a) ND{0.01}
Boron (B) ——eemmmm e - % Vanadium (V.0.) ~——w—ccmicnccc= ¥
T | P Uranium (V8,3 0.00S
Berylliua (Se) * Eh, =i114valls *
Bromide (Br) x Turbidity (JTU'S) ——-meeceeeeee g
Cation-Anicn Balance --—--meeemeeee 8 0il1 and grease (Freon Method) - =
Cadmium (Cd) ~==-mememmemmeeee e - - Chemical Oxygen Demand (COD) -- 3
Cyanide (CN) ~=eeommcmm e, — F

Radium~226, pCi/1 ---—== 5.0%0.4
Gross Alpha, pCi/l z

Gross Beta, pCi/l
Thoriuw-230, pCi/l
Laddo210, POL/] mmccmcrsmncminns e emea camt e -
Polonium-210, pCi/l ~=cmm ol ———

ND « Not detected at level given in parentheses. Rsdfochemical tests by (LIF Envirornental.
Services. C(asper. Uy.
* = Test not requested.

Above tests were made in accordance with Standard Methods, l4th Edition, 1975, ASTM, WQO
and AEC aethods.

CORRECTED PRELINS. FEEBRUARY 1), 1980.
CHEMICAL & GEOLOGICAL LABORATORIES

OPI-WESTERN JOINT VENTURE
fﬁﬁ " war -9 1380

o

C. E. Davis MAR - 61330
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CHEMICAL & GEOLOGICAL LABORATORIES

P. O Box 2794
Casper, Wyoming
ANALYTICAL REPORT
. OPI - Uestern Joint Venture Product Water
Address Casper, Uyoming Date 1-1b-80
Cther Pertinent Data
Anslyzed by S PT+ 4By (N Date Leb Ne. 3Ea-2

oI s e e

WATER ANALYSIS

Bison Basin
303-b-P-19
Sample taken January &, 1980

sg/1 mg/l
Total suspended solids ~-—=——eeeaee x Chromium (Cr) —=-—ece—eemew iine B
Total dissolvea solids (calc.) ---- 1730 Conper (Cu) ~e——ceccemoccaaan-e *
Total dissolved solids (obs.) ----= 1784 2707087 P 3 B R —— *
Conductivity @ 68°F., micromhos --- 227§ Iron (Fe)(total) ———wceemmauan 0.0b
Total alkalinity as CaCOJ ----- — T Iron (Fe)(dissolved) —=vceeeuee %
Total hardness as CaCOJ .- 183 PPV ) R D —— -- ND{0.0S}
Sodium (Na) (calc.) ==Teeemeoneaa - 4a3 Manganese (Mn) ———ec——cecccacces %
Sodium (Na) (obs,) =———reeecmee— y9g Mercury (Hg) x
Potassium (K) --- ——- q Molybdenum (Mo) --=--mmeee—ee—e %
[ T (o B — -~ 5y Nickel (Ni) x
Magnesium (Mg) -~------remuenee —— 1N Nitrate (as N) ND{O0.01}
Sulfate (S0,) ~=-emmemmm e -— 1100 Nitrite (as N) ND{O0.0L}
Chloride (Cf) s 24 Phenols *
Carbonate (C0,) ==———mcmcceeeeeee Phosphorus (P0,) —--—e-=mmv ——— 8
Bicarbonate (ACO,) ———-mmvememm-— 93 Selenium (Se) ND{0.0L}
PH, units = e 7.8 S1156s (B0, wirmaimssmmmmminesin - B
Aluminum (Al) - === % Silver (Ag) =emeccmcccaa. &
Ammonia (as N) ~=———emccmmmeeee 0.22 SoYELlS (B ~omsvemmimonmimms B
Arsenic (As) ----- - ND{D.01} Zinc (Zn) --— ND{O.01}
Boron (B) -==-—- ——— * Vanadium (V_0,.) ~——==eemmeeaaeae %
Barium (Ba) ==-=emm e e g Uranium (U 6 ? 0.003
Beryllium (Be) =-------vmcmmmmn —— 3 Eh, m111iva1Ps *
Bromide (Br) --—---oemmeme e - Turbidity (JTU's) -—-- — %
Caticn-Anion Balance ~==-=c—e=— Y 0il and grease (Freon Method) - ¥
Cadafum (Cd) ~vommmemmemcccceecae—e g Chemical Oxygen Demand (COD) -- %
Cyanide (CN} - — *

*

Radium-226, pCi/l1 - T —— e 24.4-0.9
Gross Alpha, pCi{/]l —~-mcmmmmncuaa e e 2 . e e e S e e e i *
Cross Beta, pCL/]l w oo e e e e e e e — *
Thorium=230, PCL/]l == e e e e e - X
Lead-210, pCi/l ===mmmoemmmeeeee - - - - cmmemn ¥
Poleonium-210, pCi/l ~-=vees e ———————— e —mmwme &

ND = Not detected at level given in parentheses. Radiochemical tests by (LI Environmental
” Services, Caspers Uy.

* = Test not requested.

Above tests were made in accordance ~ith Standard Methods, l4th Edition, 1975, ASTM, WQO
and AEC methods.

CORRECTED PRELINS. FEBRUARY 1l. 1940.
CHEMICAL & GEOLOGICAL LABORATORIES
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CHEMICAL & GEOLOGICAL LABCRATORIES
P. O. Box 2794

Casper, Wyoming

ANALYTICAL REPORT

From 0PI - Uestern Juint Venture Product Water
Address Casper. Uyoming Date 1-1e-80
Other Pertinent Darta
Analyred by s PT. JB, (N Date Leb No. 331313
WATER ANALYSIS
Bison Basin
303-b-P-c2
Sample taken January &, 1980
=g/l =g/l
Total susoended solids ~~—=veceee -— % o 0T T (% 3 R S ———— *
Total dissclved solids (cale.) ---- 1L38 Copper (Cu) ==——emcocmccacecces #
Total dissolved solids (obs.) ----- 1730 Fluorids (F) s—errreconmcmamses #
Conductivity @ 68°F., micromhos --- 2150 Iron (Fe)(total) ===—=-eeeeeeee (.08
Total alkalinity as CaCO3 m——————— Tron (Fe)(dissolved) =~==—e—eee= %
Total hardness as CIC03 --------- 200 Y R Y I ——— -- ND{D.0S5)
Sodium (Na) (calc.) ~=Scemccmeens — USY Manganese (Mn) —~—————mcm—m—— x
Sodium (Na) (obs.) —-==----meeue- — Ukl Mercury (Hg) -—————m——ememceee—a *
Potassium (K) --==m-oommcommaae — 7 Molybdenum (Mo) ~——=-e—eeeecaee %
Calcium (Ca) —==--mmmmmmeccmeeeen - 57 Nickel (Ni) ~=——ereecceccae 2
b R G T e — 14 Nitrate (as N) -e———ceeccme——= ND{0.01)
Sulfate (SO,) ==ecmcmmme e ae - 1020 Nitrite (as N) ——-——=—ceeeeue—— ND{0.01}
Chloride (Cf) ~eeomeeam e ean - 32 Phenols —w—r v nccanccnsne £
Carbonate (CO,) ==~—=m—ceeomemaae - 0 Phosphorus (PO‘) ——————————— x
Bicarbonate ( Coj) —————————— - 110 Selenium (Se) ———-e—meeeeea—ee ND{0.0)}
PH, units ~eeeectcc e -- 8.0 Silica (5i0,) ——---——-m—mermee *
Aluninua (Al) ==ee——mememeeeeeee 8 Silver (Ag) ~-=-———mmmm e *
Ammonia (as N) —==mmemcmmm e 0.28 Sulfide (8) ~e—mowccrwsmmcn - &
Arsenic (AS) ~==ctmcmmmmcm e ND{0.01} 2inc (Zn) ---- - ND{O.01}
Boron (B) -—=em—mememe e e sl Vanadium (V,0.) —=——==ee-- —— X
Barius (Ba) -===mmmmsmmmcon meee — 8 Uranium (U.0,) 0.031
Beryllium (Be) ~=-——-mmevem—ae — % Eh, u111v81 P ——— —— B
Bromide (Br) --eeemecemee g Turbidity (JTU's) —-cemcee—m - [
Cation-Anion Balance -—==-v-oeemeees g 01l and grease (Freon Method) - *
Cadaium (Cd) -===emomemeccmanae — Chemical Oxygen Demand (COD) -- %
Cvanide (rN) - *
Radium=226, POL/l ~=-=ceonccsncamsenmsens e - iswiag --—- 5.9%0.4
Cross Alpha, pCi/]l —=-~mmmmmmcae e S —— *
Cross Beta, pCi/l ~=--—mmom o e e - suim P
Thorium-230, pCi/l == —emmmm e e *
Lead-210, pCi/l ~mm oo e e e e R — *
Polonium-210, pCi/]l ~—=-eceeea - —— - *
ND = Not detected at lev given in parentheses. Radiochemical tests by (LI3 Environmental

* = Test not requested.

Services, (asper. Uy.

Above tests were made in accordance with Standard Methods, l4th Edition, 1975, AS™, WQO

and AEC methods,
CURRECTED PRELINMS.
CHIMICAL & GEOLOGICAL iABORATORIES
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CHEMICAL & GEOLOGICAL LABCRATORIES
P. O. Box 2794
Casper, Wyoming
ANALYTICAL REPORT
From 0PI - Uestern Joint Venture Product Water
Address Casper. Uyoming Date 1-16-80
Other Pertinent Data
Anslyzes by 9 PT. JBy (N Date Lab No. 33131-4
WATER ANALYSIS
Bison Basin
303-6-P-31
Sample taken January 8. 1980
=g/l =g/l
Totali suspended solids --=—-emeen - % Chromium (Cr) ~—————=—mcrmeca—e x
Total dissolved solids (calec.) =---- 1489 Coprer (Cu) ~=—=recemmcmnccanea *
Total dissolved solids (obs.) ----- 1402 Fluoride (F) *
Conductivity @ 6B°F., micromhos --- 1b75 Iron (Fe)(total) ————mceemaemas 0.38
Total alkalinity as CaCOJ ————————— 198 Iron (Fe)(dissolved) ~~-—=vcee-= %
Total hardness as CaCO3 ---------- 25k Lead (PH) —cmmmemmememcmeee -- ND{0.0S}
Sodium (Na) (cale,) ~="——eemeeea ~— 385 Manganese (Mn) —————-cecnee— ¥
Sodium (Na) (obs,) =~=——ecmcacnee — 340 Mercury (Hg) *
Potassium (K) ==--—mecemmamaea —- 3 Molybdenum (M) =—=r===mm—emm—— *
Calcium (€a) ~=-=emmmmom e 118 Nickel (Ni) ==emeeccmmee ceeee ¥
Magnesium (Mg) ---- 15 Nitrate (as N) ——cemecame—a—— 0.04
Sulfate (S0,) ====-=mecemceeemene—— 825 Nitrite (as N) ND{0.0L)
Chloride (Cf) mmmm e e SY Phenols *
Carbonate (CO,) - — 0 Phosphorus (PO,) —---—-mmn ——— %
Bicarbonate (ACOJ) -------------- - oNg Selenium (Se) ———ceremrmcm———— ND{0.0L}
PH, UNits —=mom S 7.4 Silica (510,) ===——meemcmememea %
L T ) B I —— - 2 Silver (Ag) -+ —e-mme—mceeeeee ¥
Asmonia (as ¥) ~=-ree-eemceeeceaee 0.1b LT U2 1Y {3 e ——— -— %
Arsenic (AS) ~=—=emcmermcmmcc——— ND{D-0M}  2Zine (Zn) -~ — 0.01
Boron (B) ~--=rmmmememem e -— % Vanadium (V,0.) =——-ccem—uee - %
Barium (Ba) -=---mmmmmmmm e * Uranium (U a; 0.315
Beryllium (Be) ~~~—===emcecccce——a % Eh, uillivglgs ————————————— ¥
Bromide (Br) --—----=cwmecaceceee — 8 Turbidity (JTU'S) --—memoeee — %
Cation-Anion Balance ---—-==cmreeee & 011 and grease (Freon Method) - ¥ i
Cadmium (Cd) -~--——-emeeeren—e—— - Chemical Oxygen Demand (COD) -- &%
Cyanide (CN) - =
Rad{un-226, pCi/l ----- ——— - S -- 410.1%10.3
Cross Alpha, pCi/l =—==eececcameean N—— S SO
Cross Beta, pli/l =mmmmm e e e e e *
Thoriue-230, pCi/l -=~==-w- -— - —_— *
Lead-210, pCi/l ~-==-emmemau- *
Polonium=210, pCi/l ~=--mmemmmm — *

ND = Not detected at level given in parentheses,

* = Test not requested.

Radiochemical tests by CLI3 Envircnmental

Services. (asper, Uy-

Above tests were rade in accordance with Standard Methods, l4th £dition, 1975, ASTM, WQO

and AEC methods.
CIRRECTED PRELIMS.

FESRUARY 11, 1920.
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CHEMICAL & GEOLOGICAL LABORATORIES

PO Bax 2794
Camper, Wyoming
ANALYTICAL REPORT
o— 0PI WYestern Joint Venture Product Water
Address Caspers \yoming Cate 2-31-80
Other Pertinent Dats
WATER ANALYSIS
Bison Basin
036~ Plb
Saeple taken february 5. 1980
g/l g/l
Total suspended solids - % Chromium (Cr) b
wotal dissolved solids (cale.) -—— Copper (Cu) s
Total dissclved solids (obs.) ---—— 134 Fluoride (F) s
Conductivity @ 68°F., micromhos -—— 850 Iron (Fe)(total) =——eeeccoan-= ¥
Total alkalinity as CaCO 10y Iron (Fe)(dissolved) ~--—=-—= 0.03
Total hardness as CaCO 148 Lead (Pb) ND{0.0S}
Sodium (Na) (cale.) -- 38k Manganese (Mn) *
Sodium (Na) (obs.) ule Mercury (Hg) 5
Potassium (K) 12 Molybdeaum (Mo) -—=——-m—ee—eeeee ¥
Calcium (Ca) 43 Nickel (Ni) »
Magnesium (Mg) 9 Nitrate (as N) 0.13
Sulfate (S0,) ALY Nitrite (as N) ND{O-01}
Chloride (Ct) 34 Phenols »
Carbonate (CO.) 0 Phosphorus (PO,) ———--meees »
Bicarbonate (aCOJ) 27 Selenium (Se) ND{D-0L}
pH, units 3.0 Silica (510,) s
Aluminum (A1) . Silver (Ag) 3
Ammonia (as N) 0.2y Sulfide (S) b
Arsenic (As) ND{O.03} Zinc (Zn) ND10.01}
oren (B) = Vanadiwm (V0. ) ~———-ermcmeee—e ¥
Sartum (Ba) —— * Urantua (0.0 3 - 0.011
Beryllium (Be) ~—— * B, millivalls *
Bromide (Br) - * Turbidity (JTU'S) —=———= *
Cation-Anion Balance —_— 3 011 and grease (Freon Method) - *
Cadzium (Cd) —— - Chemical Oxygen Demand (COD) —- %
Cyanide (CN) *
Radium-226, pCi/1 — 10.2¢2.7
Gross Alpha, pCi/1 --- x
Gross Beca, pCli/l ~—— ———— %
Thorium-230, pCi/l - =
Lead-210, pCi/l NS————-
Polonium-210, pCi/l *

ND = Not detected at level given in parentheses. Radiochemical ~ests by (LI, Corpus Christi.

* = Test not requested.

Above tests vere nmade in accordance with Standard Methods, l4th Edition, 1975, ASTM, WQO

and AEC methods.

CHEMICAL & GEOLOGICAL LABORATCRIES
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CHEMICAL & GEOLOGIZAL LABORATORIES

ND = Not detect::d at .evel given in parentheses. Padiochemical tests by (LI, Corpus Christi.

* = Test nct requested,

P. O Bax 21794
Canper, Wyoming
ANALYTICAL REPORT
g - 0PI Uestern Joint Venture Product Water
Address Casper. Uyoming Date 2-11-80
Other Pertinent Cata
Mw by JBy Ny JM. BW. KCM Dare 3-20-80 Lab No. 33333-2
WATER ANALYSIS
Bison Basin
iAG-6- P19
Zampl? texen February 5. 1530
=z/1 =g/l
Total suspended solids — x Chromium (Cr) *
Total dissolved solids (cale.) --—— 1710 Copper (Cu) ~————esmcmmcacee 8
Total dissolved solids (cbs.) —-— 1k78 Fluoride (F) =
Conductivity @ 68°F., aicromhou -— 227§ Iron (Fe)(total) ——vrecemanee 3
Total alkalinity as CaCO] ————w B0 Iron (Fe)(dissolved) ----——-—— (.03
Total hardness as CaCO, = w7 Lead (Pb) ND{O.0S}
Sodium (Na) (cale.) —=- 48l Manganese (Mn) *
Sodium (Na) (obs.) -- YAl Mercury (Hg) =
Potassium (K) - 10 Molybdenum (Mo) -—=-ee—eeeaee %
Caleium (Ca) 3 Nickel (N{) -
Magnesium (Mg) 1 Nitrate (as N) ND{D.0L}
Sulface (SO,) 10482 Nitrite (as N) ——————ce———-— ND{0.0L}
Chloride (Ci) ce Phencls -—— =
Carbonate (CO.) - 0 Phcsphorus (PO‘) ———————
Bicarbonate (AcO,) B telenium (Se) ND40.01)
pH, units 8.2 Silica (S!.Oz) *
Alominus (Al) * Silver (Ag) »
Aomomia (as N) = 0.3 Sulfide (S) =
Arsenic (As) ND<D.QLY Zinc (Za) 0.0)
Borom (B) * Vanadium (V. 0_) ~———cremeeee %
Sarium (Ba) = Uranium ? ND{O.00L}
Beryllium (Be) ~————o g Eh, mil’ x
Bromide (Br) - * Turbidi. 's) — - =
Caticn-Anion Balance ~——— * 01l and gre.se (Freon Method) - =
Cad=xius (Cd) * Chemical Oxygen Demand (COD) -- =
Cyanide (CN) x
Rad{um=-226, pCi/1 — 14.2:2.0
Cross Alpha, pCi/l — =
Gross Beta, pCil/l ~=—-uve - *
Thorium-230, pCLi/1 -~ *
lead-210, pCi/1 - *
Pelonium-210, pCi/1l ——- — X

Above tests we.e made in accordance with Standard Methods, l4th Edition, 1975, AST™, WQO

and AEC zethods.

CHEMICAL a GECLOGICAL LABORATORIES
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CHEMICAL & GEOLOGICAL LABORATORIES

P. O Bex 2794
Canper, Wyoming
ANALYTICAL REPORT
Fram 0PI WYestarn Joint Venture Product Water
Address Casper, uyoming Date 2-11-40
Other Pertinemt Data
Arolyzsd by Y8+ (M JM. Bus KCP b ' 32080 4 e 33333-3
WATER ANALYSIS
Bison Basin
IME4- 22
Sample taken February 5. 1980
2g/1 =g/l
Total suspended solids — Chromium (Cr) - 8
Total dissolved solids (cale.) —== 1531 Copper (Cu) ®
Total dissolved solids (obs.) ————— 1508 Fluoride (F) ®
Comductivity @ 68°F., aicromhos --~ 172§ Iron (Fe)(total) ——-eeeeeeeee— 32
Total alkalinity as CaCo -~ 110 Iron (Fe)(dissolved) -=—————== ND{0.03}
Total hardness as CaCO, =——————— 139 Lead (Pb) ND{0.0S}
Sodium (Na) (calc.) —~ e 439 Manganese (Mn) *
Sodium (Na) (obs.) 458 Mercury (Hg) x
Potassium (K) 10 Molybdenum (Mo) ~— ——eceeeeeee %
Calcium (Ca) Se Nickel (Ni) =x
Magnesium (Mg) 12 Nitrate (as N) ND{D.01}
Sulfate (SO,) 937 Nitrite (as N) ND{O.01}
Chloride (Ct) S Phenols *
Carbonate (CO.) 4] Phosphorus (ro‘) ———————— %
Bicarbonate (aCOJ) 34 Selenium (Se) ND{D.0L}
pR, units 7.8 Silica (5102) L
Aluminum (Al) = Silver (Ag) L
Asmonia (as N) .23 Sulfide (S) *
Arsenic (As) - ND{D.0L} Zinc (2a) 0.0
Borom (B) = Vanadium (V,0_.) -~ %
Barius (8a) * Urantum (U.0,) 0.12
Beryllium (Be) * b, =t111v31Ps *
Bromide (Br) i Turbidity (JTU's) ——-eee =
Cation-Anion Balance —————aee—a— g 011 and ;rease (Freon Method) - %
Cadxtum (Cd) —— = Chemical Oxygen Demand (COD) — %
Cyanide (CN) s
Radim-226, pCi/1 214426
Gross Alpha, pCi/l x
Cross Beta, pCi/l --— *
Thoriun~230, pCi/l x
Lead-210, pCi/i *
Polonium-210, pCi/l *

ND = Not detected at level given in parentheses. Radiochemical tests by C(LI. Corpus Christi.

* = Test got requested.

Above tests were made im accordance with Standard Methods, lith Edition,

and AEC zethods.
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CHEMICAL & GEOLOGICAL LABORATORIES

PO Bex 7%
Canpar, Wyoming
ANALYTICAL REPORT
Fram Opi Lestern Joint Venture Praduct Vater
Address  Caspers Uyoming Date 2-11-80
Other Pertirent Dats .
Aralyzed by JB+ Cfls UM, BU. KCM e 340 e N 333334
WATER ANALYSIS
Bison Basin
3B~ PIL
Sasple taken February 5. 1980
=g/l =g/l
Total suspended solids ~—e————ee— 3 Chromium (Cr) »
Total dissolved solids (cale.) --— 1278 Conper (Cu) ®
Total dissclved solids (obs,) ---— 1318 Fluoride (F) -
Conductivity @ 68°F., micromhos — 1750 Iron (Fe)(total) —————meeeeee %
Total alkalinity as CacoJ 178 Iron (Fe)(di{ssolved) ~~————-- &.39
Total hardness as CaCO 281 Lead (Pb) ND{D.0S}
Sodiua (Na) (calc.) ~—==ee—e 325 Manganese (Mn) .
Sodium (Na) (obs.) --— 348 Mercury (Hg) .
Potassium (K) 9 Moly denum (Mo) =———— »
Caletum (Ca) ;: Nickel (Ni) ; -
Magnesiuz (Mg) ~— Nitrate (as N) ’
Sulfate (S0,) 74 Nitrite (as N) - ND{D.0L)
Chloride (cl) ISJE Phenols :
Carbouate (CO,) Phosphorus (PO,) -
Bicarbonate (ACOJ) a7 Selenium (Se) 2 ND{D.0L}
pa, units 7.2 Silica (S10,) .
Alimioum (Al) --- * Silver (Ag) ——
Ammonia (as N) 0.3 Sulfide (S) *
Arseaic (As) ND{D.0L} Zinc (Za) 0.46
Boron (B) * Vanadium (V_0.) —_—
Barivm (Ba) * Urantum (0,03 2.08
Beryllium (Be) - * Eh, millivalfs *
Bromide (Br) B Turbidity (JTU's) e ¥
Caticun-Anion Balance ~———-———meew % 011 and grease (Freom Method) - *%
Cad=ium (Cd) * Chemical Oxygea Demand (COD) -- %
Cyanide (CN) *
Radium-226, pCi/1 340+11.2
Gross Alpha, pCi/l *
Cross Beta, pCi{/l -— *
Thorium-230, pCi/l *
Lead-210, pCi/1 - *
Polonium-210, pCi/l *

ND = Not detected at level given in parentheses. Radiochemical tests by (LI, Corpus Christi.

* = Test not requested.

Above tests ‘ere made in accordance with Standard Me-hods, léth Edition, 1975, ASTM, WQO

and AEC methods.,
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CHEMICAL & GEOLOGICAL LABORATORIES

P O Box 2794
Casper, Wyoming
ANALYTICAL REPORT

 w— 0PI Western Joint Venture Pradue Water
Address Casper, Uyoming Date 3-19-40
Other Pertinent Data
Analyred by JBs My PH. KCM. BW.  JM, JL Date Lab No. 33L4u-1

WATER ANALYSIS

Bison Basin. Wyoming
P-lb

Sample taken March 18, 1930

=g/1 =g/1
Total suspended solids ——— Chromium (Cr) ND{0.02}
Total dissolved solids (cale.) ——— 1390 Copper (Cu) ND{D.0ec}
Total dissolved solids (oby.) -——=— 1338 Fluoride (F) 1.09
Conduc’.ivity @ 68°F., micromhos -— 192§ Iron (Fe)(total) —————m—mceaeaa 0.03
Total alkalinity as CaC0, ~~———-— 10§ Iron (Fe)(dissolved) =~~———eee— g
Total hardness as CaCO, = 139 Lead (Pb) ———————oeeeee  ND{D.0S}
Sodium (Na) (cale.) -—-=- — 4Ol Manganese (Mn) ND{0.0L}
Sodium (Na) (obs.) === 42 Mercury (Hg) ND{0.001}
Potassium (K) 9 Molybdenuz (Mo) --———=————veeee ND{0.05}
Calcium (Ca) 9 Nickel (Ni) ND{D.04}
Magnesium (Mg) 0 Nitrate (as N) 0.0e
Sulfate (S0,) — 833 Nitrite (as N) ND{0.0L}
Chloride (Cf) ES Phenols s
Carbonate (CO.) o Phosphorus (PO,) ———-meeceee ¥
Bicarbonate (aCOJ) —————— 7 Selenium (Se) ND{D.01}
¢H, units 2.0 Silica (510,) s
Aluminua (Al) ND{0.1) Silver (Ag) .
Amaonia (as N) ~— o 0.20 Sulfide (§) ~—————meee —— %
Arsenic {(As) ND{D.0L}  Zine (Zn) ND{O.0L}
Boron (B) NDL.02 Vanadiua (Vv,0.) ~————=  ND{0.05}
Barium (Ba) - ND(D.0S}  Urantum (V.0 0044
Beryllium (Be) - * Eh, millivdlPs *
Bromide (Br) . Turbidity (JTU'S) e &
Cation-Anion Balance ~———ceeeeeee_ g 011 and ;rease (Freon Method) - #
Cadmiua (Cd) ND{0.0L} Chemical Oxygen Demand (Cop) -- =
Cyanide (CN) 2
Radium-226, pCi/1 — _
Gross Alpha, pCi/1 — *
Gross Beta, pCi/l1 -— x
Thorium-230, pCi/l -
lead-210, pCL/1 '
Polonium-21C, pCL/1 — x

ND = Not detected at level given in parentheses. Radiochemical tests by C(LIES.
* = Test not requested,

Above tests were made in accordance with Standard Methods, l4th Editionm, 1975, AST™, wWQO
and AEC methods.

CHEMICAL & GEOLOGICAL LABORATORIES

27 APR -2 1980
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CHEMICAL & GEOLOGICAL LABORATORIES

P. O Box 21794
Casper, Wyoming
ANALYTICAL REPORT
Poun 0PI Jestern Joint Venture Product water
Addiess  Casper, Uyoming o 3-19-80
Other Peartinent Data
Anolyzsd by 48+ s PHe KCPe BWs My UL oy tab No. ——s

=== o _— T .

WATER ANALYSIS

Bison Basin. wyoming
P-19
Sample taken March 18. 1980

=g/l =2g/1
Total suspended solids ~-~-—eeeeee 3 Chromiwm (Cr) ND{0.02}
Total dissolved solids (calc.) --—= 1700 Copper (Cu) ND{D.02}
Total dissolved solids (obs.) --—= 1lLlb Fluaride (F) — 0.83
Conc ictivity @ 68°F., micromhos —- 2000 Iron (Fe)(total) ~—=——e=—=mmem—— 0.03
Total alkalinity as Cn(:O3 ————— Iron (Fe)(dissolved) - =
Total hardness as CaCl, “=eeeeeeeee 188 Lead (Pb) — ND{D.0S}
Sodium (Na) (calc.) ==S=ememmmeee—— 47§ Manganese (Ma) ND{O. 01}
Sodium (Na) (obs,) ~=—ccm—m e 48h Mercury (Hg) ND<O.00L}
Potassium (K) 1 Molybdenum /Mo) ==-=w=e-ee———- ND{0.0S5}
Calctua (Ca) --- 51 Nickel (Ni) ND{O.0u}
Magnesium (Mg) 14 Nitrate (as N) =—==-—eeemwememe 0.03
Sulfate (S0,) ~—me—cmemmmmcoe—e e 1082 Nitrite (as N) ND{0.01}
Chloride (Ci) - c2 Phenols :
Carbonate (CO.) 0 Phosphorus (PO,) —=-—ee——weme
Bicarbcnate (Qcoj) ———————— q3 Selenium (Se) $ ND{D.0L}
rH, units - — 7.9 Silica (Si0,) ;
Aluminum (Al) === mmm e ND{0.1} Silver (Ag) s
Azmonia (as N) ~wmommmmeee e 0.22 Sulfide (S) - %
Arseaic (As) --- - NP{0.01} Zioe (Za) 0.0b
Boroa (B) ND{1.0} Vanadium (V,0.) -——=~==mee———e— ND{D.0S}
Rartus (Ba) - ND<D.0S} Uranium (V.03 ~—--—v 0.034
Beryllium (Be) - * th, atllivd1ls *
Bromide (Br) ~—--mecomcmmc e g Turbidity (JTU's) ~~—ceeeeeeee 8
Cation~Anion Balance —=-—=s=-eeeeem g 011 and grease (Freon Method) - %
Cad=zium (Cd) ND{0.01} Chemical Oxygen Demand (COD) -- =
Cyanide (CN) =
Rad{u=-226, pCi/1
Gross Alpha, pCi/l ~=-- - -— *
Gross Beta, pCi/l --— b
Thorfu=-230, pCi/1 ~-—- -~
Lead-210, pCi/l -- .
Poloniua-210, pCs/l -— s

ND = Yot detected at level given in parentheses. Radiochemical tests by CLIES.
* » Test not requested.

Above tests vere made in accordance with Standard Methods, l4th Edition, 1975, ASTM, WQO
and AEC methods.

CEEMICAL & GEOLOGICAL LABORATORIES
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CHEMICAL & GEOLOGICAL LABORATORIES
P O Beox 279%4
Canper, Wyoming
ANALYTICAL REPORT
[ — 0PI Western Joint Venture Product Water
Address  Casper. Uyoming : Cate %80
Other Pertinent Data
Aralyzed by B, (1, PH. KCHMs BUWs JMs JL Dete Lab No. F3b4y-3
WATER ANALYSIS
Bison Basin. Wyoming
p-22
Sample taken March 18, 1580
=g/1 =g/1
Total s 'spended solids ~———ceeeu & Chromium (Cr) ND{D.02}
Total dissolved solids (cale.) -— 1b00 Copper (Cu) ND{O.02}
Total dissclved solids (obs,) ===~ 15Uk Fluoride (F) 0.95

Conductivity @ 68°F., micromhos --- cLE5
Total alkalinity as CaCO, e L0
Total hardness as CaCO3 ——— W
Sodium (Na) (calec.) ~=Scommme . 4N3
Sodium (Na) (obs.) ~=——mema 44?7

Potassium (K) 9
Calctium (Ca) ™
Magnesium (Mg) - e
Sulfate (S0,) —- %32
Chloride (Cf) 3k
Carbonate (CO,) 0
Bicarbonate (ACOJ) 122
pH, units -— 7.2
Alvainuas (Al) -— ND{D.1}
Ammonia (as N) ~—vcme e e . 0.3

Arsenic (AS) ~~ ND{D-ﬂ]J

Boron (B) ND{1.0}
Barium (Ba) ND{0.08>
Beryllium (Be) L
Bromide (3r) ®
Cation-Anion Balance ———co—cmeee 8
Cadmium (Cd) ~——- ND{O.0L
Cyanide (CN) *

Radium-226, pCi/1

Iron (Fe)(total) —=————eeeemee (.03
Iron (Fe)(dissolved) ==———eeeea 3

Lead (Ph) ND<{0.05}
Manganese (Mn) ND{O0.0L}
Mercury (Hg) ND{0.001}
Molybdenum (Mo) —— ND{D.05}
Nickel (Ni) ND{D.0Y4}
Nitrate (as N) 0.02
Nitrite (as N) ND{O0.0L}
Phencls x
Phosphorus (ro‘) _— x
Selenium (Se) ND{D.0L)
Silica (510,) *

Silver (Ag) *
Sulfide (S) *

Zine (Zm) c.0)

Vanadium (V,0_.) ~————ceeee———a ND{D.05}
Urantum (V.8 7 ERSTRHSN ¢

Fh, =111iva1Ps .
Turbidity (JTU's) -- *
011 and grease (Freon Method) - &
Chemical Oxygen Demand (COD) -- =

Gross Alpha, pCi/l

Gross Beta, pCi/l -~——ne

Thorium-230, pCi/l -

Lead-210, nCi’l
Polonium-210, pCi/l

ND = Not detected at level given in parentheses. Radiochemical tests by CLIES.

* = Test not requested.

Above tests were made in accordance with Standard Methods, l4th Edition, 1975, ASTM, WQO

and AEC methods.
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CHEMICAL & GEOLOGICAL LABORATORIES

P. O Box 2794
Casper, Wyoming
ANALYTICAL REPORT
From 0PI UWestern Joint Venture Product Water
Address Caspers UWyoming Date 3-19-80
Other Pertinent Dats
‘N’Wﬁ WJB. (ﬂ‘ PHy KCMy BUN My UL g, lnbNo. EE Ll
WATER ANALYSLS
Bison Basin. Wyoming
P-31
Sample taken March 14. 1980
=g/l =g/1
Total suspended solids --—— — 8 Chromium (Cr) -—————=-——-e—=e—e-= ND{0.02}
Total dissolved solids (calc.) --—= 139 Copper (Cu) ~ ND{0.02}
Total dissclved solils (obs.) ---—= 1470 Flucride (F) 0-83
Conductivity @ 68°F., micromhos -— 1825 Iron (Fe)(total) ——-——emeeeeee= 1.37
Total alkalinity as CaCOJ A Iron (Fe)(dissolved) -=====ewe= %
Total harduess as c.cos el = Lead (Pb) ND{0.05)
Sodiua (Na) (calc.) —==———eemeeeee— b0 Manganese (Mn) 0.13
Sodium (Na) (obs.) -—=———eeeeeeee— 33 Mercury (Mg) ND{0.001}
Potassium (K) 7 Molybdenum (Mo) ~=-—=w=———m==e= ND{0.05}
Calcium (Ca) as Nickel (Ni) ND{C.04}
Magnesium (Mg) 12 Nitrate (as N) o.01
Sulfate (S0,) —_— bk Nitrite (as N) —-—=——c—eeee-= ND{0.012}
Chloride (Ct) 44 Puenols *
Carbonate (CO,) 0 Phosphorus (ro‘) st P
Bicarbonate (ACOJ) 232 Selenium (Se) ND{O.0L}
pH, units 7.3 Silica (510,) *
Aluninum (Al) ND{D.1}  Silver (Ag) -—————-mm—meeecae ¥
Asmonia (as N) 0.13 Sulfide (S) - 8
Arsenic (As) ND{D.01} Zine (Za) 0.9
Borom (B) ND{1.0} Vvanadium (V,0_.) -==-==————e—ee ND{0.0S5}
Barius (Ba) ND(D.0S} Uranium (V.0 2.75
Beryllius (Be) . Eh, atllivdlls *
Bromide (Br) = Turbidicty (JTU's) —— %
Cation-Anion Balance ~———cceeencees 8 011 and grease (Freon Method) - =
Cadmium (Cd) ND{D.0L} Chemical Oxygen Demand (COD) -~ @
Cyanide (CN) x
Radium-226, pCi/l
Cross Alpha, pCi/l — - *
Gross Beta, pCi/l --— =
Thorium-230, pCL/1 -
Lead-210, pCi/1 *
Polonium-210, pCi/l *

ND = Not detected at level given in parentheses. Radiochemical tests by CLIES.
* « Test not requested.

Above tests were made in accordance with Standard Methods, l4th Edicion, 1975, ASTM, WQO
and AEC methods.

CHEMICAL & GEOLOGIC
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Quality classifications of water for irrigation usually stress certain ranges
for sodium, total dissolved solids, and boron. A general guide for evaluat-
" ing the quality of water used for irrigation is shown in Table 14.

Livestock Water

Poultry and farm animals can live on water of considerably lower quality
than human beings. Quality criteria depend on factors such as the type of
animal and its age, climate, and feeding regimen, A general guide for eval-
uating the quality of water used by livestock is shown in Table 15.

TABLE 15. GUIDE FOR EVALUATING THE QUALITY OF
WATER USED BY LIVESTOCK (Todd, 1970)

Threshold Limiting
Quality Foctor Concentration* Concentrationt
Tetal Dissolved Solids (TDS), mg/liter 2500 5000
Cadmium, mg/l 5
Calcium, mg/| 500 1000
Magnesium, mg/| 250 500%
Sodium, mg/| 1000 ' 2000¢
Arsenic, mg/l 1
Bicarbonate, mg/| 500 500
Chloride, mg/| 1500 3000
Fluoride, mg/| i 6
Nitrate, mg/! 200 400
Nitrite, mg/| None None
Sulfate, mg/| 500 1000#
Range of pH 6.0-8.5 5.6-9.0
“Threshold values represent concentrations at which poultry or sensitive animals might
show slight effects from prolonged use of such water. Lower concentrations are of little
or no concern.
t Lissiting concentrations based on interim criteria, South Africa. Animals in loctation
or production might show definite adverse reactions.
$Totc! magnesium compounds plus sodium sulfate should not exceed 50 percent of the
total diswolved solids.

142
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ALKALINITY

CRITERION

20 mg/1 or more as CaCOsfor freshwater aguatic life except where
natural concentrations are less.

INTRODUCTION

Alkalinity is the sum total of components in the water that tend to
elevate the pH of the water above a value of about 4.5. It is measured
by titration with standardized acid to a pH value of about 4.5and it is
expressed commonly as milligrams per liter of calcium carbonate.
Alkalinity, therefore, is a measure of the buffering capacity of the
water, and since pH has a direct effect on organisms as well as an
indirect effect on the toxicity of certain other pollutants in the water,
the buffering capacity is important to water quality. Examples of
commonly occurring materials in natural waters that increase the
alkalinity are carbonates, bicarbonates, phosphates, and hydroxides.

RATIONALE

The alkalinity of water used for municipal water supplies is
important because it affects the amounts of chemicals that need to be
added for coagulation, softening, and control of corrosion in distribu-
tion systems. The alkalinity of water assists in the neutralization of
excess acid produced when such materials as aluminum sulfate are
added during chemical coagulation. Waters having sufficient alkalinity
need not be supplemented with artificially added materials to increase
the alkalinity. Alkalinity resulting from nati rally occurring materials
such as carbonate and bicarbonate is not considered a health hazard in

drinking water supplies, per se, and naturally occurring maximum

_considered a problem to human health ( National Academy of Science

levels up to approximately 400 mg/l as calcium carbonate are not

€S,
1974).

~ Alkalinity is important for fish and other aquatic life in freshwater
systems because it buffers pH changes that occur naturally as a result
of photosynthetic activity of the chlorophyll-bearing vegetation.
Components of alkalinity such as carbonate and bicarbonate will
complex some toxic heavy metals and reduce their toxicity markedly.
For these reasons, the National Technical Advisory Committee (1968)
recommended a minimum alkalinity of 20 mg/l and the subsequent
NAS report (1974) recommended that natural alkalinity not be reduced
by more than 25 percent but did not place an absolute minimal value for

7
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Sewage (469) as ‘‘the pitrogen equivalent of ammonia
formed or liberated from nitrogenous matter by the ac-
tion of alkaline peimanganate in water after expulsion
oi ammonia nitrogen by distillation.’’ Its significance is
difficult to determine or to define, for it merely repre-
sents a portion of the organic pitrogen that is readily
released by a chemical resction. Fo nerly determined
and reported in most analyses of po ated waters, albu-
minoid ammonia (or albuminoid nitrogen if the results
are reported as N rather than NH,) is seldoin used in
modern analytical work in the U. S, and consequently
most of the references thereto are in out-dated or foreign

publications.

ALCOHOLS, GENERAL

(see also Allyl Alcohol, Amyl Alcohol, Benzyl Aleohol,
Butyl Alcohol, Ethyl Aleohol, Cetyl Alcohol, Methyl
Alcohol, Octyl Alechols, Phytosterol, Propyl Alcohol,
and other specific alcchols)

Under this heading are abstracted articles covering
several alcohols for comparative purposes. Most of the
criteria relating to specific alcohols are listed under the
designated compound.

According to Welch and Slocum (3248) the acute
oral toxicity of primary alcohols toward rats is as fol-
lows: methyl, 9.1 mg/kg of body weight; ethyl, 7.4
mg/kg; propyl, 3.3 mg/kg; butyl, 2.75 mg/kg; amyl,
3.3 mg/kg; hexyl, 41 mg/kg; and heptyl, 6.6 mg/ke.

Toxicity tests with creek chub, a fish considered to be
average in tolerance, at 15 to 21° C in well-aerated
water, revealed the ‘‘eritical ranges’’ shown in the
following table. Critical range is defined as the range in
concentration below which all four test fish lived for 24
hours and ahove which all died (1442).

Alcohol Critical Range in mg/}

n-propy! elcobol 350-500
n-amyl aleobol 350-500
mixed primary isoamyl alcobols 400600
isopropyl alcobol 9001100
n-butyl aleobol 1000-1400
tertiary amyl alcobol 1300-2000
tertiary butyl alcobol 3000-6000
ethyl alcobol 7000-9000
800017000

methyl alcobol

Hodgson (2956) determined the concentrations of pri-
mary alcohols required to stimulate the movement of
the water beetle (FLaccophilus), with the following

results:

Alcohol Critical Range in mg/l
r.ethyl 115,000
ethyl 108,000
n-propyl 192,000
n-butyl 3,410
n pentyl 614
o hexyl 112

ALCOHOL SULFATES
(see Chapter X)

ALDEHYDES
(sce Acetaldchyde, Benzaldehyde, Formaldehyde, Fur-
fural, and Vanillin)

WATER QUALITY CRITERIA

ALDRIN
(see Chapter IX)

ALGICIDES
(see specific compound in Chapter 1X)

ALIPHATIC AROMATIC SULFONATES

ALTPHATIC SULFONATES
(see Chapter X)

CCKALINITY D

1. General. Like acidity, alkalinity is not & specifie
polluting substance, but rather a combined effect of
several substances and conditions. It is a measure of
the power of a solution to neutralize hydrogen ions ang
it is expressed in terms of an equivalent amount of ca).
cinm carbonate. Wekat Bty CAUSEA PN E PRESCOEE o
sarbppatEsyT bicarbonated bydroxides, and to a lesse
extent by borates, silicates, phosphates, and organic sub
stances. It is determined by titrating with 0.02N sulfurie
acid to the phenolphthalein and methyl-orange end.
points, the former measuring the so-called caustic alka.
linity and the latter the total alkalinity. Like acidity, al.
kalinity is related to pH but high alkalinities should not
be confused with high pH values. Thus, a relatively pure
water with a pH value of 7.0 will have a low total
alkalinity whereas a buffered water at pH 6.0 will have
a high total alkalinity. For a more thorough discussion
of alkalinity and an evaluation of the hydroxyl, car.
bonate, and bicarbonate components thereof, see Stand.
?;%gl;fethods For the Analysis of Water and Wastewater

Some natural waters, especially those in the south
western U. S., are highly alkaline while others, suck
as those in western Washington or the New England
states, are low in alkalinity. The alkalinities of streams
are frequently increased by the addition of municipal
sewage and many industrial wastes, too numerous e
list herein.

9. Cross References. Acidity, pH, Hardness, Dis
solved Solids, Carbonates, Bicarbonates, Hydroxide,
and other specific snbstances that may affect akalinity.
on Beneficial Uses.

b, Tndustrial Water Supplies. Alkalinity is detrimet
tal in many industrial processes, especially those involv
ing the production of food and beverages. It is partie
ularly fr-wned upon in the production of carbonate!
and acid-fruit beverages because it neutralizes the ps
ural taste producing substances a.1 makes the beveraf
more susceptible to bacterial action (179). The ranges¢'
recommended threshold values of total alkalinities r
industrial water supplies are presented in Table 6-2.

In contrast, alkalinity is desirable in many industns
waters, especially if it serves to inhibit corrosion b
creating a favorable calcium-carbonate balance. In ©-

field work, Nelson (349) recommends that the alkalinit] Th

of unaerated water should be at least 20 mg/1.

age
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WATER QUALITY CRITERIA 129

¢. Irrigation Water. Excessive alkalinity in irrigation
water is detrimental in that it adds to the total salinity
and is frequently accompanied by high pH values. In
conventional chemical aralyses of irrigation waters, how-
ever, alkalinity is frequently not listed (see Chapter V).

d. Stock and Wildlife Watering. High alkalinities in
water are reported to have been detrimental to stock.
When the caustic alkalinity reaches 50 mgz/l, trouble
with diarrhea in chickens begins (1019), and at a total
alkalinity of 170 mg/l animals were reported to develop
diarchea (1020).

e. Fish and Other Aquatic Life. Doudoroff and Katz
(361) cite references indicating that none of the strong
alkalies, such as calcium, potassium, and sodium hydrox-
ide, has been shown clearly to be lethal to fully de-
veloped fish in natural waters when its concentration is
insufficient to raise the pH well above 90. Interference
with normal development and other damage to fish life
sometimes may occur, however, at lower pil values.
When caused almost entirely by bicarbonates, alkalinity
does not seem to have any harmfui effect upon plankton
and other aquatic life (1021).

TABLE 6-2

RANGES OF RECOMMENDED THRESHOLD VALUES
OF TOTAL ALKALINITIES IN INDUSTRIAL
PROCESS WATERS

Industry and Process W Reference

Brewing
Light beer 75-80 152, 173
Dark beer 80-150 152, 173
Carbonated beverages 30-85 173
Carbonated Leverages 50 152, 180
Carbonated beverages 513 1016
Carbonated beverages 60-100 1017
Carbonated beverages 85 185
Carbonated beverages 100 184, 188
Carbonated beverages 125 179
Carbonated beverages 1285 186
Carbooated beverages 170 185
Food products 30-250 173
Fruit juice 100 164
Laundrying (diapers) 60 093
Pulp and paper making
Groundwood pulp 150 244
Kraft paper, bleached 5 351
Kraft paper, unbleache? 150 351
Fine papers 45-75 551, 350
Soda and sulfate pulp 5 245
Rayon manufacture 50 152
Rayon manufacture 5 550, 405
Tanning 128.2 1018
Tanniog 135 152

Stiemke and Eckenfelder (270) found that the aver-
e lethal doses of various alkaline solutions toward
Begill fingerlings were as follows:
Alkalinity as Calcium
Sustance Cartonate in mg/l pH

Sodium bydroxide 70 10.55
Armoniuvm hydroxide 31 9.60
Sodium carbonate 120 o
Potassium iodide and sediom

hydroxide 57 o

h'{ccording to Warrick et al. (599) high alkalinity is
n':conistic toward the toxicity of copper sulfate to fish.

relative toxicity of 25 mg/1 of copper sulfate to
%N trout fry varied inversely with the alkalinity,

with all fish dying in 2.5 hours when the alkalinity was
only 6.0 mg/l whereas some fish survived after 12.5 hours
when the alkalinity was 248 mg/L.

It is generally recognized that the best waters for the
support of diversified aquatic life are those with pH
values between 7 and 8, having a total alkalinity of 100
to 120 mg/1 or more (3249, 3250). This alkalinity serves
as a buffer to help prevent any sudden change in pH
value, which might cause death to fish or other aquatic
life. In Michigan, the addition of lime to Stoner Lake
increased the alkalinity from 6 to 15 mg/l, improved
the biological productivity, and even caused some exten-
sive phytoplankton blooms.

ALKENYL DIMETHYL ETHYL
AMMONIUM EROMIDE

ALKYL ARYL COMPOUNDS
ALKYL BENZENE SULFONATE
ALKYL DIMETHYL COMPOUNDS
ALKYL SULFATE

ALKYL SULFONATE
(See Chapter X)

ALLYL ALCOHOL CH,=CHCH,0H

A colorless liquid with a pungent mustard-like odor,
allyl aleohol is miscible with water. It is used in war
gases, resins, and plasticizers. It is very irritating to
mucous membranes and skin (364). The oral LDy, is
reported as 40 mg/kg of body weight for dogs (364) and
100 mg/kg for rats (3251). When fed in the drinking
water of rats, retardation of weight gain began at 250
mg/l1, but other effects were minor even at 1000 mg/1
(3252). According to Woelke (2989), allyl alcohol is
lethal toward bivalve larvae at 2.5 mg/1. Hubault (3253)
reported the threshold of harmfulness of allyl alcohol
toward rudd to be 10 mg/L

ALUM

(see Aluminum Sulfate, Aluminum Ammonium Sul-
fate, and other aluminum compounds that are some-
times called alum)

ALUMINA
(see Aluminum Oxide)

ALUMINUM Al

1. General. One of the most abundant elements on
the face of the earth, aluminum occurs in many rocks
and ores but never as a pure metal in nature. Although
the metal itself is insoluble, many of its salts are readily
soluble. Other aluminum salts, however, are quite insol-
uble and consequently aluminum is not likely to oceur
for long in surface waters because it procipitates and
settles or is absorbed as aluminum hydroxide, aluminum
carbonate, ete. In streams the presence of aluminum ions
may result from industrial wastes or more likely from
wash water fror . water-treatment plants. This section of
the report deals with references to aluminum ions in
water, where no mention is made of the salts from which
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days. A 5-percent waste solution was not toxie to fish,
but a 10.percent solution was toxic. It has been suggested
that the toxicity might be attributable to the high salt
concentration of the lagoon water rather than to the
presence of berryllium (1478).

Tarzwell and Henderson (2125, 2154) tested the tox-
ieity of three beryllium salts toward fathead minnows
and bluegills in hard and soft waters with the following
96 hour Tl results in terms of beryllium:

Concentration of Berylilum in _anl

Fatheod Banvorws i Biuegills

Compound Soft Herd Soft Hard
Beryllium chioride 0.15 16 i
Berv.hium snlfate 02 ) 1.2 12
Beryllium nitrate 0.15 20 = s

These results demonstrate that beryllium is considerably
more toxic in soft water thau in hard water. According
to Hodgson (2956) a barium nitrate concentration of
30,000 mg/1 is required to evoke a stimulatory reaction
in the water beetle, Laccophilus.

e. Swimming and Other Recreational Uses. No in-
formation is available concerning the specific effect of
beryllium in swimming waters. However, Pomelee has
stated that water -soluble beryllium salts can cause ulcers
if they enter a break in the skin (1478).

BHC
(see Chapter IX)

CIGARBONATES HCO,

(see also A'kalinity, pH, Carbonates, Hydroxides,

Chapter V-Irrigation)

The concentration of bicarbonates in natural and
polluted waters is a function not only of the hicarbonates
added thereto but also of the temperature, pH, and con-
centration of other dissclved solids. A full discussion of
carbonate equilibria is beyond the scope of this report
and the reader is referred to the work of Langelier
(692) For this study of water-quality criteria, however,
it is important to note that bicarbonates tend to reach an
equilibrium with carbonates 1n accordance with the
reactions:

H* + CO; - = HCOs

[H*][CO;~ ~]
[HCO,")

where K is reported (911) to be 44X 101 at 25°C.
Thus, at pH 7 the ratio of bicarbonate ions to carbonate
ions will be 2270 to 1, but at pH 10 it will be only 2.27
to 1 and at pH 11, the ratio will be 1 to 4.4. The con-
centration of bicarbonates therefore, depends on the pH
value and the concentration of carbonates.

At medium and low pH values, a second egnilibrium
reaction occurs, for bicarbonates tend to unite with
hydrogen ions to form H;CO, which, in turn, releases
free CO,, thus

HCO.‘ + ;i H:CO; — (‘0] + H:O

The equilibrium equation for this reaction is

- ]l’
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where K, is reported (911) to be 3.5 X 107 at 1gs,
Thus at pH 8 the ratio of carbonic acid to bicarhg
jons is only 0.0286, but at pH 7 it is 0.266 and at PH
it is 2.86. '
Bicarbonates may reach water from many nat
sources, including absorption of CO; from the air ag
the decomposition of organic matter, or they may be g3
charged by innumerable industrial processes, ior bieay,
bonates are among the most commonly used salts, 3
Other than the fact that excessive bicarbonates adq
the salinity and total solids content of water,
through the complex operations of the carbonate eqp
libria tend to form carbonates and scale at high temper,
tures, bicarbonates in water are seldom considered to by
detrimental. Hibbard 1250)" recommendssthe-£ollowiy

Concentration
myg/l Remarkas

desirable or permissible
desirable or permissible
60 desirable or permissible

none desirable or | ermissible
Industrial water supplies i
Textile —oc--ovoamoneee 200 undesirable or ohjectionable
SUEEP e eececcnem 100 undesirable or objectionable
Pottery - --eomeeeem 200 desirable or permissible
Steam Boilers ... 100 vndesirabie or objectionable

In concentrations of 257 mg/1 or less, sodium bicarbonate
caused a white shell in ice manufacturing (229). For
limitations in boiler feed water, see Chapter V. High
bicarbonate contents are reported to affect the stability
of vitamins in the manufacture of preserves and to cause
swelling of skins in tanneries (2368).
A general discnssionof alkali wa
h (1059) points- out. that. carbonate
‘nates in drinking waters react with gastric acids Somed

i acids’son
7165 10 the benefit of the drinker. He refers 16 a modifd

'ofmcmfﬁm@lm -_Q!';gﬂ ’ezpe{
ation of bicarborates un ul 1o most peoplg. Lock.
hart ?%"Zt al. 3’2415“"““;)0& the taste thrc-s%%g in distilled
water of the bicarbonate ion (added as NaHCO;) to be
770 mg/1.

The 10-year weighted average analyses of Colorade
River water, according to Kelley (1060), show 172 me 1
of bicarbonate. It did not appear to Kelley that the use
of this water for irrigation would serionsly affect the
underground supply, growth of citrus trees, or condition
of the soil in southern California. Harley and Lindner
(1061), on the other hand, found that irrigation waten
in north central Washington containing 200 mg/1 and
more of bicarbonates caused a marked decline in the
vigor of apple and pear trees after a number of years

Chapter V of this report includes a discussion of “'re
cidual sodium carbonate”’, defined as carbonates plus bi-
carbonates minus the sum of calcium and magnesium,
all in milliequivalents per liter. Where the residual s
dium carbonate is high, i.e., over 2.5 milliequivalents p&
liter, calcium and magnesium jons tend to be precipr
tated as carbonates, leaving a high ratio of sodium to
calcinum jons. In irrigation water, bicarbonates in them
selves do not cause difficulty, but by aiding in the pre
cipitation of calcivm carbonate they adversely affect the
sodium ratio.
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. General. Elemental calcium does not oceur in
ature because it oxidizes readily in air and reacts with
sater to release hydrogen gas. Calcium salts and calcium
ns, however, are among the most commounly eacountered
abstances in water. They may result from the leaching
f soil and other natural sources or they may be con-
gined in sewage and many types of industrial wastes.

Under this heading are grouped the references that
wrtain to caleium or calcium ions. Where the literature
tals with ecalcinm salts, the references are grouped
mder the specified salt. The effects of calcium are also
w be noted under the heading of *‘Hardness’”.

2. Cross References. Hardness; Caleium salts, Chap-
er V, and Chapter VII (Insects).

3. Effects Upon Beneficial Uses.

@ TWaLE Supplies T The haman,

L APOMHESTIC L Y. A R eer luman_Dody. I'
?lf&?ﬁ)‘p?biﬁl&&fﬂ]’@}ﬁ grams of calcium per da

.
<L

s food element (36, 152); an amount considerably
ces qﬂbe.ce!sim,wgn_ of normally co
med quantities of even har -_a_kﬁ' Kccordir nB.tQ,,_hfﬂ

4
&)p‘c, caleium deficiency is the most common nutrition
k in the U. S..(3362), It iassumed that in the adulf,
the_ calcium requirement ,lﬁﬁg {ietTshould equal th
Baleiu e'x‘cieﬁc's‘q:vghlch is.about 10.-mg peﬁgﬁpet.‘ﬁ
3362). Some investigators believe that calcium in water
tan be used by the body as a supplement to the caleium
in the diet (1065); however, the nutritional value of
aleium in water has not yet been established and is still
juestionable (623, 653). Concentrations up to 1800 Tig/}
leium- in”drinkifg water_bave been reported to be
" (353). The calcium concentration of vegelables
swked in water of high caleium content has been found
Ybe higher than that of vegetalles cooked in low-caleiun.
¥ater (921, 1066, 1067).
{ Excessive caleium and magnesium in drinking water
“ave been implicated as factors predisposing to the for-
:’il!im) of concretions in the body, "?xc(l as kidney or
Madder stones (3365). On the other hand, there is also
*fidence of adverse physiological effects from an in:
Ufficiency of caleium in water. Urovsk disease, a severe
'Ype of rickets, occurs in regions where the concentration
! caleium in drinking water is low (3366, 3367).
orris et al. (3368, 3363) report an inverse correlation
»ween the calcium content of waters and cardiovascu-
A disease, ie., high caleium is associated with a low
P"@ence of heart attacks, but Schroder and Duran
i0) failed to find a similar relationship in Japan.
ile several effects of calcium in drinking water and
q}’!mlogical reactions have been suspected, no definite
Usal relationship has been proved as yet. So far as ecan
determined at the present time, calcium limits are
Sirable fur domestie supplies not because of a hazard
brhtalth, but becauss caleium may be disadvantageous
hn‘ghe.r household uses, .such as washing, bathing, and
ering, and because it tends to cause incrustations
tooking u‘ensils and water heaters.

vd “(250) has Tecommended the following limi
e i B e Ay
| TXY, |
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The Spanish Royal Decree of 1920 fixed the limit of cal-
cium in potable waters at 150 mg/1, as CaO (631, 997).
Baylis (499) bas recommended the following limiting
calcium concentrations for the several classes of water:
Class A, the ideal, 50 mg/1, Class B, minimum aim, 75
mg/], Class C to D, permissible with restrictions, 100-

PHS DrnkingaWatérs St -*Y»(‘_*".\‘_'s; (20367 of

v dards (2529 )wl-196

I %
imit in drinking wate

b. Industrial Water Supplies. (see also Hardness).
Calcium in the water used for preparing developer solu-
tions for photography may cause the precipitation of
caleium sulfite, resulting in spots on the films unless the
precipitate is allowed to settle out of solution (242).
Caleium in brewery water causes the precipitatior of
caleium phosphate (166). Nordell (2338) points out that
high calcium can cause undesirable effects by (a) form-
ing scale, (b) reacting with alkaline solutions to form
precipitates and curds, especially in washing operations
using soap, (¢) interfering with the preparation of emul-
sions, wr-re the calcium tends to break the emulsions,
(d) interfering with the processing of other colloids, (e)
caus.ng difficulties in electroplating rinsing operations,
and () upsetting certain fermentation processes.

On t.e other hand, calcium is beneficial in water as
one of th. factors that tend to inhibit corrosion of ~ast
iron and st.el (3363, 3364).

:!Eﬂom wing.conce ?mgmgrmcmﬂniﬁm
ommended as imits for varous in rial uses:

Threshold Concentration

Use Reference

moe t 152
R R R TS
Soda and sulfate pulping .. 20 245
Sugar mfg. . __ i 20 250
Pestile WIg. - oo cicasansn 10 250

e. Trrigation Water. Caleium in irrigation water has
been covered in detail in Chapter V. Calcium is essential
for normal plant growth and for the maintenance of
good tilth in the soil, and is desirable in water for irriga-
tion (268, 278, 635, 3371, 3372).

d. Stock and Wildlife Watering. Stander (3373) has
suggested an interim threshold limit of 1,000 mg/1 of
caleium in water used by livestock. For more details, see
Hardness.

e. Fish and Other Aquatic Life. Calcium in water
reduces the toxicity of many chemical compounds to fish
and other aquatic fauna; for example, mature fish have
been killed by 0.1 mg/1 of lead in water containing only
one mg/1 of calcium, but have not been harmed by this
amount of lead in water containing 50 mg/1 of caleium.
A concentration of 50 mg/1 of calecium has cancelled the
toxic efie>t upon some fish of 2 mg/1 of zine; 0.7 mg/1
of lead ; and 10 mg/1 of lead (573). Aluminum has been
found to be toxic to river crabs in water containing
little caleium (575).

The data of various independent investigators indi-
cated that calcium chloride and nitrate, when added to
distilled or soft waters, could be toxic to fish at concen-




152

trations between 300 and -000 mg/1 as calcium. Other
available data concerning lethality of higher concentra-
tions of calcium salts, generally caleium chloride, in
various waters indicate that fish have survived from one
to three days at concentrations of 2500 to 4000 mg/1 of
calcium (1459).

According to a r-ference cited by Hart et al. (310), of
the U.S. waters sv porting a good mixed fish fauna,
ordinarily about 5 ercent have less than 15 mg/l of
caleium ; 50 percent have less than 28 mg/1; and 95 per-
cent have less than 52 mg/l.

Marine fish have been shown to ¢ ncentrate Ca-45 from
<en water at a factor of 10 or 20 to 1 (3374, 3379).
Furthermore, marine fish diseriminate against strontinm
in favor of ealeium (3374). Daphnia and Cyclops also
concentrate Ca-45 from fresh water, but when trans-
ferred to non-radiocactive solutions, they quickly excrete
the Ca 45. See also Chapter VIIL

For a flatworm, Polycelis nigra,
jcity of calcium has been reported as 2600 mg/l when
caleium is present as caleium chloride; and 1200 mg /1
when ealeium is present as caleium nitrate (608).

The lethal threshold concentration of calcium for
stickleback is reported to be 800 mg/1 (353, 2941).

f. Shellfish Culture. Thinness of shells of fresh-water
mussels is associated with a deficiency of caleium in the
water (331).

the threshold of tox-

CALCIUM CARBONATE
(see also Caleium, Carbonates)

CaCOs

Commonly found in nature in the form of limestone or
caleite, this salt is difficultly soluble, having a solubility
product of 087 X 10 ® at 25°C (911). Its concentration
in natural or treated waters is intimately linked with
the complex carbonate equilibria (see Carbonates). In
addition to its natural sources, caleium carbonate in mo-
lecular or dissociated form may be contained in innumer-
able industrial wastes. The references described below
pertain only to caleium carbonate molecules and not to
the effects of ealeium or carbonate jons, which are re-
ported elsewhere. 1

o faste threshold of calcium, carbonate has bee

porggq‘ss“ Eo.t,?% “mg/l (621), Water. to_be used J
making ice should be treated if the total concentrati
©f_calcium, and magnesium_ carbonates is more than 70
fog/1 (168). Calcinm carbonate in water appears lo be
peceseary to permit complete utilization of food by
aquatic animals (1068). For the effects of adding lime
on the productivity of akes, see Calcium Hydroxide.

Wallen et al. (2040) studied the effect of adding cal-
cium carbonate to highly turbid walers containing the
mosguito-fish (Gambusia a inis) at 19-21°C. They found
that the 96 hour TL, was greater than 56,000 mg/l of
caleium carbonate. At this dosage, the turbidity was
reduced from an initial value of 260 mg/1 to 35 mg/l.

CALCIUM CHLORIDE CaCly

1. General. This salt of calcium is highly soluble in
water. Calcinm chloride is used in brewing and in manu-
facturing mineral walers. It is found in wastes from
bromine and salt works, oil wells, and surface run-off

from roads treated against dust. Calcium chloride in
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patural waters is invariably associated with larger q
tities of other calcium and magnesium salts, which
gether may render the water too highly mineralized
drinking and domestic purposes, but do not alone Tend:
water hazardous to people.

9. Cross References. Dissolved Solids, Specific Cop.
ductance, Distilled Water.

3. Effects on Beneficial Uses.

a. Domestic Water Supplies. The taste threshhold o
caleium chloride in drinking water is said to be 150
350 mg/1 (621). According to Lockhart et al. (3241) th,
raste threshhold of calcium jon is 125 mg/1 and of th,
chloride ion 222 mg/l; hence the chloride ion controly
and CaCls can be tasted at 347 mg/L In order to prevent
unpleasant salty tastes and disturbances of appetite,
has been recommended that water should not contaiy
more than 500 mg/1 of calcium chloride (284). On the
other hand, it has also been stated that small quantitieg
of calcium and magnesium chloride, even concentrationy
of 40 to 50 mg/l, are objectionable in domestic watep
supplies because of taste and bardness (32).

b. Industrial Uses. The following are reported mag.
mum concentrations of caleium chloride permissible ig
brewing waters:

Conceniration
Use inmg/l Referenny
Brewing, light and dark 200 173
Brewing 100 170
Brewing, pale ales, I 30 170
pale sles, 1T 35-55 170
mild ales 55-110 170
stout 110-165 170

¢. Trrization Use. In high concentrations, calcium
chloride in nutrient solutions will reduce plant growik
Gauch and Wadleigh (3376, 3377) showed that an in
crease of one atmosphbere in the total osmotic concentre
tion as the result of adding CaCl, (about 1775 mg/l) o
the nutrient solution reduced the dry weight of red
kidney bean plants by 15.5 percent while 3550 mgh
caused a 26 percent reduction. On the other hand, the
guayvule plant was <hown to be very tolerant of Cally
making satisfactory growth in the presence of 3 atme
pheres of osmotic pressure from added CaCly (abont

5390 mg/1) (3378). One a’mosphere (1775 wg/l) o it

added CaCl; reduced the dry weight of rice straw, ¥
grains, and rice rools at maturity (3379). Two atm
pheres of added CaClz injured four varietirs of tathe

grapes grown in <and eulture (3380). It chould be ree’d " CATC

nized that the foregoing concentrations of one and ted
atmospheres are far higher than any

in irrigation waters.

4. Stock and Wildlife Watering. The following &5 (B
centrations of caleium chloride have produced the noed b

effects on animals:

Conrccnrrv'z‘(wn
ot CaC
n ngfl Animal Effect Refer™®
8,325 rats decreased water consumption !”:‘
10,000 rats Interfered with production 285,
of normal litters i
10,000-15,000 cows moderate effect on .
nerves and appetite syit
10,000-25,000 rats interfered with reproduction o
15,000 rals decreased growth rate “’-,“.
15,000-20,000 chickens Interfered with growth ; s
20,000 rats interfered with lactation “,-’“
20.000-25,000 sheep tolerated for six weeks li i
25,000 rats caused death i

likely to be fossd | 1

tjons
were

§
1
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atomic weapons. See Chapter VIII for information on
concentration ‘actors.

Organic carbon, the carbon oxidized by dichromate or
another strong .xidizing agent, is frequently determined
in polluted waters and benthic deposits. As in the case
of B.O.D., this test measures one significant criterion of
the strength of a waste, but it is not per se a potential
pollutant.

CARBONATES) CO;y -

1. General. The concentration of carbonates in nat-
ural and polluted waters is a function not only of the
substances added thereto but also of the temperature,
pH, cations, and other dissolved salts. A full discussion
of carbonate equilibria is beyond the scope of this report
and the reader is referred to the work of Langelier (692).
For a review of the relationship between carbonates,
bicarbonates, and pH, see Bicarbonates in Chapter VL
Inasmuch as many of the carbonates are quite insoluble
in water, generally more so than the chlorides, nitrates,
or sulfates, there is a tendency for certain carbonate
salts to be removed from polluted waters by precipitation
and adsorption. For these reasons, carbonates are less
widely present than chlorides and -ulfates in western
irrigation waters (275).

9 Cross References. Alkalinity, pH, Bicarbonate, Hy-
droxides, Chapter V-—TIrrigation.

3. Plg{cts Upon Beneficial Uses.

ic '@Kﬁﬁf' upplies. s ';De JISPHS 7 Drink-
mg‘;%ﬁ%ggn ards of 1922!( 2_035; place na zéstrictio
gn carbonates in natural wafars, nor in chemieally trea
faters as was done in the 1946 standardl"ﬂm{'d;(m
Wecommends that the concentration of carbonate i
nginking'and_ cooking water be kept below 20 mg/1°
g/1 as alkalinity) Aln his di _
outana, Cobleigh (670) points out that’carbonates an
icarbonates in drinking waters react with gastric juic
metimes to the consumer's benefits He présénts a Tcai-
tfed list of USGS_ data”that gives 350 mg/1 of carbo
és as the concentration unkealthful to’ most peopl
g“cor_di,né,td.lﬁckhar_t (’%:15 the taste, threshold o
arbonate. in distil'ed water,” when. added -as sodi
bonate, is 44.m
b, Industrial Water Supplies. Excessive carbonates
interfere with acid and carbonated beverages (see Alka-
Lnity), with brewing, with ice making, and with boiler
Vater (see Chapter V). For boiler feed water, the per-
Rissible carbonate concentration is a function of pressure

@ the boiler, as follows (152):

Carbonate
Pressures, pai Concentration in mg/l
0-150 200
150-250 100
250400 40
Over 400 20

Por brewing, carbonate concentrations should not exceed
to 60 mg/1 (see Chapter V).

¢. Fish and Other Aquatic Life. For the effects of

'b"monil, potassium, and sodium carbonates on fish and
dphnig, see the appropriate cation in this chapter.
edgepeth (1085) claims that the presence of free car-
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o his discussion of alkali waters il
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bonates may be responsible for the absence of Diaplo-
mus franciscanus, a crustacean, from certain ponds near
San Francisco. In geueral, it may be expected that car-
bonates, in themselves, are not detrimental to fish life
but their buffering action and effect upon pH may con-
tribute to the toxicity of high pH value.

CARBON CHLOROFORM EXTRACT

The 1962 USPHS Drinking Water Standards
(2036) set a recommended limit of 0.2 mg/1 on carbon
chloroform extract based on analytical techniques de-
veloped at the Robert A. Taft Sanitary Engineering
Center (3004, 3353, 3354, 3355, 3356). In this proce-
dure, a sample of water varying from 100 to 75,000 gal-
lons, depending on the source of the sample and the an-
ticipated amount of extractable material, is filtered
through 1200 to 1500 grams of granular activated carbon
at a filter rate of 2 to 10 gpm per square foot. The car-
bon is then air-dried and extracted with chloroform. This
solvent does not recover all of the adsorbed material nor
are all organic substances adsorbed, but the materials
recovered by this technique are representative of the
taste- and odor-producing components of waste water.

CCE concentrations of Ohio River water have been
reported to range from 0.1 to 0.36 mg/1, and the raw
water at Nitro, West Virginia bad CCE values of 017
to 305 mg/l (3357). In contrast, only 0.024 mg/1 of
CCE material could be recovered from the Columbia
River (3102). Gasoline can cause taste and odor if the
bydrocarbons are present in amounts of a few micro-
grams per liter (3102). Water from clean sources rarely
exceeds 0.05 mg/1 of CCE substances while water that
exceeds 0.20 mg/1 usually is of poor quality from a taste
and odor standpoint (3358). Middleton and Lichtenberg
(3356) report that CCE concentrations of 0.1 mg/1 or
less oceurred in the following percentages of samples
from five major rivers:

Obio River 0 .. 50 percent
Mizsissippi River . . 72 percent
Missouri River .. - -._ .. 90 percent
Ceolorado River .__. eeeneene 92 percent
Columbia River ___ eewe-. 96 percent

According to Derby et al. (2062) analysis of available
data indicates that water supplies containing over 0.2
mg/1 of CCE represent an exceptional and unwarranted
* vhe water consumer to ill-defined chemicals.

exposur~
CARBOXN DIOXIDE CO,
1. General. A colorless, odorless, non-combustible

gas, constituting about 0.04 percent of normal air (330),
carbon dioxide is highly soluble in water. At one atmos-
phere of partial pressure, pure water will absorb 1688
mg/1 of CO,, (911) but at 0.0004 atmospheres the dis-
solved CO; will be only about 0.7 mg/1. The source of
free carbon dioxide in water is seldom that from the air
phase, however, for CO, is a product of aerobic or an-
aerobic de-omposition of organic matter and it is inti-
mately bound in the complex carbonate equilibria (see
Bicarbonates and Carbonates).
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jolution. Its disinfecting power, therefore, is not at-
iributable to the i1OI molecule or to iodide, but rather
jo molecular jodine or possibly to tri-iodides (1216).
ixtensive unpublished researeh on the mechanism of disin-
ction by iodine and the effects of iodine upon human
physiology has been performed by Fair and others at Har-
vard University. Jodine has been used successfully for
he disinfeetion of water in swimming pools (3504) with
residual concentrations of free jodine in the range of
D210 06 mg/l.
_ There is extensive literature dealing with the relation-
ip between iodine deficiencies in water or food and the
neidence of goiter, but a thorough review of it is not
within the province of this survey. To overcome an jo-
dine deficiency and to minimize goiter in the com-
munity, Rochester, New York, added iodine to its water
supply from 1923 to 1933; but, owing to economie fac-
“]:rs, the availability of 2 superior vehicle (salt) for the
5;n|'r>il|g of iodine, and the adverse effect voon certain
individuals sensitive to iodine, the Rochester experiment
was abandoned and further mass treatment for icdine
deficiency was disconrared (152, 330). The jodine con-
tent of blood appears to be independent of the iodine in
domestic v acer supplies (5005, 3506).

It has been reported (1586) that 8 mg/1 of iedine de-
!r('.\'\ all forms of water-borne pathogens, but no ad-
verse affects were noted when personnel in the tropics
nsed drinking water containing Nal at a rate of 12 mg
of iodine per man per day for 16 weeks and 19.2 mg per
da for the next 10 weeks (1587).

Ellis (313) guotes references to the effect that 28.5

Pe/1 of iodine killed minnc s and goldfish.
- With the advent of nuc] ir testing and the extensive
use of radicisotopes in mec ine and industrial rese arch,
radioiodine (1-131) has t _come a significant enviro~
mental factor. The maximum permissible level of 1-131
in drinking water has been given as 0.03 microcurie per
liter (3375, 3507, 3508). Algae and other plankton con-
D ntrate radiciodine from water by factors in excess of
100,000 within a few days after the iodine becomes avail-
able (3509). For further information on concentration
factors, sce Chapter VIIL

TODOACETIC ACID CH,ICOOH
\

This white erystalline substance is highly soluble in
‘ahr Hiatt et al. (3350) found that 10 mg/] of iodo-
acetic acid produced a moderate irritant activity in ma-
rine fich.

1PC
(see Chapter 1X)

®:0n nACTERIA
(see Cliapter VII)

dRONJ Fe

1. General. Metallic iron and its common alloys are of
&h-rest in *his survey primarily because they are cor-
Wded by water in the presence of oxygen. The resulting
products of corrosion, in which the iron is in the ioniec or
mole:nlar state, may in themselves be pollutants of
‘water. In addition to corrosion products, natural wa-
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ters may be polluted by iron-bearing indust-ial wasteg
such as those from pickling operations and by the lea_h.
ing of soluble iron salts from soil and rocks, e.g. acid.
mine drainage and iron-bearing ground water.

Although many of the ferric and ferrous salts such ag
the chlorides are highly soluble in water, the ferrous
ions are readily oxidized in natural surface waters to
the ferric condition and form insoluble hydroxideg
(3510). These precipitates tend to agglomerate, floccu.
late, and settle or be absorbed on surfaces; hence, the
concentral on of iron in well-aerated waters is seldom
high. In ground water, the pH and Eh mav be such that
high concentrations of iron remain in sciution (3510,
3520).

The following materia! deals with references to iron
or iron ions when no designation of a salt or anion has
been made. For literature covering the various ferrie
and ferrous salts, see the cross references.

2. Cross References. Ferrie Chloride, Ferric Oxide,
Ferric Potassium Sulfate, Ferrie Sulfate, Ferrous Car.
honate, Ferrous Chloride, Ferrous Sulfate, Chapter VII.
Iron Bacteria.

3. Effects Upon Beneficial Uses, ATE

a. Domestic Water Supplies “EbﬁSGZ'ﬁH&.mg_ 19
¢r” Standards of the USPHS (2036)_included a'r
ommended limit of 0.3 wg/l for iron. The 1958 W
nternational Standards-(2328) contain a.'‘ permissibl

$ng/1 but préescribe no masimum allowable limi}. The 1961
W HO European Standards set a recommended limit of
0.1 mgA for iron. Some authorities (1217, 1218) main-
tain that drinking water should not contain more than
0.1 meg /1 of iron.

fFhe WHO &nd USPHS.limits are_ based ot Gpog’

Bysiological considerations for_iron_in_irace amoun
s essential for nutrition’ Indeed, larger quantities of iro
re taken for therapentic purposes (555, 10 7,3;??
aily nutritional.requirement is-1 to 2 mg, and ¥
idiets contain 7 to 35 mg per day, with an average of 1
isequently, drinking water containing iron in ufpa!
ble and unesthetic concentrations, say 1.0 mg/1, woul
ave little effect on the total dnily intakd
ad of . physiclogical "Feasons, therefore ~the limk
s based -on esthetic and fasté considerationd Tron and
manganese tend to precipitate as hydroxides and stain
laundry and porcelain fixtures. It has also been reported
(1160) that ferrie iron combines with the tannin in tea
to produce a dark violet color.

The taste threshold of iron in water has been given
(3511) as 0.1 and 02 mg/1 of iron from ferrous sulfate
and ferrous chloride respectively. It ha also been re
ported (3300) that ferrons iron imparts a taste at 01
mg,/1 and ferric iron at 0.2 mg/l. In contrast, Lockbart
et al. (3241) indicated that the taste threshold of ferrie
sulfate was 10 mg/1 of iron. Using a statistically con-
trolled taste panel, Cohen et al. (3301) found that the
median taste threshold for ferrous sulfate in spring wa-
ter ocenrred at 18 mg/1 of iron, but for the most sen-
sitive individuals it was 0.12 mg/1. Similarly, for ferrous
«ulfate in distilled water, the median taste threshol
concentration was 3.4 mg/1 of iron but the most sensitive
individuals tasted 0.04 mg/l 3

jmit’ of 0.3 meA and an *excessive limit' of 10}
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Iron in domestic water supplies containing organie
matter may be present in chelated form and conse-
quently will not precipitate readily (2338, 3510, 3512).
Furthermore, it may occur in microbial protoplasm as
deserib-d under part 3e, following.

b. Industrial Water Supplies. The ranges of recom-
mended threshold values for iron in process and cooling
waters are given in Chapter V. Most of this information
bas been reassembled and tabulated below:

Range of Recommended

Industrial Use Threshold Values in mg /1

Baking ’ : s g 02
Brewing : : - 01to10
Carbonated beverages caiis 01to0.2
Cooling water . . 05
Confectionary e hnonsin ek n A 0.?
Electroplating L : =T t -aces
Food canning and freezing .. . . < 02

Food equipment washing _____ . . 02

Food processing, general . 02
Leundering - L 0210
Qil-well fooding .. ... & 01
Photographic processes : S 01

Pulp and paper making

Ground wood pulp _ P 03

Soda pulp - g 01

Kraft pulp, bleache ol 02

Kraft pulp, unbleached P 10

Fine paper pulp e 01
Rayon manufacture . o 0.0t00.05
Sugar making s, 01
Tanoping processes " 01t020
Textile manufacture = 01to10

¢. Irrigation. Tron is one of the minor constituents
of irrigation water, usually occurring in low concentra-
tions. It is generally of little importance in irrigation
practice (268). Chelated iron has been used to combat
thlorosis in plants.

d. Stock and Wildlife Watering. Iron is an essential
eonstituent of animal diets (553), but animals are sensi-
tive to changes in iron concentration (945). Cows will
not drink enough water if it is high in iron, and conse-
auently, milk production is affected (549).

e. Fish and Other Aquatic Life. Most of the refer-
tnces dealing with this beneficial use are expressed in
terms of specific iron salts (see cross references). When
iron is added to water in the form of chlorides, sulfates,
or nitrates, the salt dissociates but the resulting ferrous
or ferric ions combine with hydroxyl ions to form pre-
tipitates. Hence, very little of the iron remains in solu-
tion; but if the dosage is sufficient and the water is not
Strongly buffered, the addition of a soluble iron salt may

wer the pH of the water to a toxic level. Furthermore,
the deposition of iron hydroxides on the gills of fish may
*ause an irritation and blocking of the respiratory chan-
els. Finally, heavy precipitates of ferric hydroxide may
smother fish eggs (346, 2109, 3513).

Knight (540) tested the effects of wastes from nail-
naking plants on trout, stickleback, and perch. These
Wastes contained high concentrations of chloride, hydro-
een, ferric, and ferrous ions, but the pH values were not
Decified. Concentrations of 1000 mg/1 of these mixed
Glts killed most fish within a few hours, but hardy
HMickleback were not killed until five hours exposure to
2500 mg/1. Much of the killing action was attributed
to coatings of iron oxide or hydroxide precipitates on

the gills. According to Southgate (346), the toxicity of
iron and iron salts depe ds on whether the iron is
present in the ferrous or feiiic state and whether it is
in solution or suspension. The following limiting con-
centrations have been noted:

Concentration of

Iren,snmg/l Remarks Refere-ce
02 Threshold concentration for
letbality to three types of
B ceee-ee 1028
09 Carp will die at this con-
centration if pH is 55 or
lower .- . - —uu-.—w 308
1-2 Death of pike, tench, and
trout at pH 5.06.7_______ 1459, 1588
1-2 No deaths among dogfish
during one week _______. 3413
12 Indicative of acid pollution
and other conditions unfa-
vorable to fish____ ... 247
5 Killed dogfish in 3 hours__ 3514
10 Caused serious injury or
death to rainbow trout in
T T T R - 604
40 Not lethal to fingerling
channel catfish in 96 hours
when added as ferrous di-
sodium versapate ________ 2981
50 Upper limit for fish life. .. 801

Waters that support good fish fauna in the United
States, according to Ellis (310), have the following
concentrations of iron:

Concentration of
Iron, in mg/l

Percent of Waters Having
This Coucentration, or Less

00 5
0.3 50
07 95

Crenothriz, Ga'lionella, and other iron bacteria utilize
iron as a source of energy and store it in their microbial
protoplasm. They may accumulate in wells, treatment
plants, pipelines, and other waterworks structures; or
they may pass into the distribution system and cause
customer eomplaints (2700, 2701, 2705). At Wilmington,
~ Vifornia, where the residual iron content was only
0.025 mg/1, Wilson (1219) found growths of Crenothriz.
Trouble with this organism is experienced freguently
when the iron exceeds 0.2 mg/1

Radioactive iron, Fe-59, may be concentrated by cer-
tain microorganisms in aquatic and marine .nvironments.
For further details on concentration factors for radio-
nuclides, see Chapter VIII. The following concentration
factors have been reported for Fe-59:

Concentration

Factor Organiam Reference
720-1030 flagellate, Platymonas 3386
1000 vertebrates, soft parts 2440
15744450 alga, Ochromonag 2356
4220 diatom, Navicula conf. azs
5000 vertebrates, skeleton 2440
5533 diatom, Nitzschia 286
6000 flagellate, Chlamydomonas 3386
7500 flagellate, Rhodomonas 3386
10,000 fish 2436
10,000 invertehrates, soft parts 2440
20,000 algae, non-calcareous 2440
100,000 ineect larva 2496
100,000 “lamentous algae 2436
100,000 invertebrates, skeleton 2440
200,009 phytoplankton 2436
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4 Summary. On the basis of the foregoing informa-
tion, the following concentrations of iron should not be
deleterious to the designated beneficial uses:

.. 03 mgN
e 01 mgN

s. Domestic water supply . .
b. Industrial water supply . o ..

IRON HUMATE
(see Humic Acid)

ISODRIN
{see Chapter 1X)

ISOPRENE C.Hy

This unstable, oxidizable liquid, insoluble in water, is
used in the manufacture of synthetie rubber (364). Ac-
cording to Klimkina (3413), it has an odor threshold in
water at a concentration of 0005 mg/l. For warm-
Wooded animals, the threshold limit in drinking water
is 5 mg/l, but deoxygenation of wastes is not inhibited
by 30 mg/1.

IVORY SNOW
(see Chapter X)

JAUNDICE

(see Chapter VII - Infectious Hepatitis)
KELTHANE

(see Chapter IX)

KEROSENE
(see O3, Petroleum)

KRAFT PULP MILL WASTES

1. General, Certain types of wood, primarily conifer-
ous, are pulpec in digesters with a strong caustie solu-
tion containing sodium hydroxide, sodium sulfate, and
sodium sulfide. This procedure is known as the “Kraft”’
process. When sulfur compounds are not used, as in the
pulping of deciduous wood, the digestion is known as the
“‘soda’’ process. In either process, the concentrated alka-
line wastes that are drained and washed from the pulped
<ood are known as ‘‘black liquor'’. Economy of opera-
tion dictates that such black liguors be kept as concen-
trated as possible and that they be processed for the
recovery and re-use of the sodium salts. In well-operated
soda or Kraft mills, therefore, the only liguid wastes re-
sult from rinse or wash waters that are too dilute to be
recovered economieally.

Plack liguors from Kraft mills, although having a
much lower B.0.D. than sulfite waste lignors, have been
chown 1o be much more toxie to aguatic life (465, 683,
624). This texicity appears to be related to the sulfur
compounds, especially the mercaptans, and the resinous
and fatty acid components (685). Kraft mill black lig-
wors contain mercaptans, dimethyl sulfide, turpentine,
methyl alcohol, zmmonia, lignin, fatty and resinous
acids, formie acid, acetie acid, lactonie acid, and sodium
«alts of organic and inorganie acids. Most of the organic
cone.itnents of Black liquors are derived from the cellu-
Yose-binding substances in the wood, such as the lignins,
pectins, and hemicelluloses.
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2. Cross Refer:nces. Sulfite Waste Liquors, Soa
Resins, Mercaptans, and other substances noted above,

3. Effects Upon Beneficial Uses.

a. Domestic Water Supplies. Kraft-mill wastes dis.
color water, cause tastes and odors, and raise the pH. A
report by the Technical Association of the Pulp angd
Paper Industries (€S6) states that a Kraft-mill waste
contained 33 mg/1 of sulfide and 12 mg/] of mercaptang,
To render it odorless, a dilution of 1:50,000 was re.
quired ; but after chlorination of the waste to a 1.5 mgn
residual, the required dilution was only 1: 40. Insofar ag
domestic water supply is concerned, the elimination of
tastes and odors appears to be the controlling factor.

b. Irrication. Stabilized Kraft-mill effuentshavebeenq
used directly for spray irrigation of several crops. The
yield of crops was increased and there was no damage
to the soil resulting from continued application for sey.
eral years (3522).

¢. Fish and Other Aquatic Life. Most of the refer.
ences dealing with effect of Krafi-mill wastes on fich are
expressed in terms of dilution, and inasmuch as the
strengths of the wastes are not kucwn the results in the
following table are not strietly comparable.

A ruatie
Dilution O gonism Remarks Reference
1:2 ‘ish Killed in 7 minutes ___. .. 37
1:20.8 Sockeye salmon Maximum non-
jethal concentration ... 35
1:200 Fish Killed e i e €87
1:200 Fish Killed G -~ 311, ¢85
1:500 Fish Irritated but not killed . 311, €88
1:500 to
11000 Fish Killed In 10 days or less _ €1
1:1000 Fry and
fingerlings Killed e e S 5 1%
1:2000 Fish Killed . . . - (1)

The Departinent of Fisheries of the State of Wash.
ington (2091) conducted tests with synthesized Kraft.
mill eMuents and salmon. It was found that clder chi.
nook salmon in flowing sea water were least tolerant,
requiring a dilution of 60 to 1 to prevent a kill. Silver
salmon in flowing fresh water required only 30 to 1
For black liquor, itself, chinook salmon required a dilu-
tion of 1093 to 1 in aerated sea water.

In a report of the Naticnal Council for Stream Tm-
provement, (690, 3523) the toxicities of various eompon.
ents of Kraft mill waste were compared, as shown in the
following table:

Minimum Lethal (‘onun!mljfonl_._g'ﬂ

Waste Component Minnows Dogphnia Inscct Larvee
Codium bydroxide _ 100 100 125-1000
Sodium sulfate - 100 L0000 2

Sodium sulfide _ _ -3 10 21000
Qodivm carbonate _ ... 250 300 -
Sodium sulfite - - 300 S

Methy] mercaptan _.__._.._ 05 1 50

Crude sulfate seap ... 50 5-10 50

Resin acid soap - 10 3 50-100
Hydrogen sulfide . - 10 1 =

In a subsequent report (3501, 3503) the N. c.S 1
listed the minimum lethal concentrations (for 160 per
cent kill) and the maximum concentrations for no ki
of . ven components of the Kraft-mill effluents towa
ki1 salmon, silver salmon, and cutthroat trout. The 1¢
cults are shown herein under the specific chemicals, Vit
hydrogen sulfide, methyl mercaptan, sodium sulfide, &
dium sulfhydrate, sodium hydroxide, sodium carbunate.
and sodium sulfate.

o ————— - ————

o -
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fineries. Turnbull et al. (2093) conducted bioassays with
this substance in Philadelphia tapwater, using bluegill
sunfish (Lepomis macrochirus) as the test fish. They
found a 24 -hour TL, of 20 mg,/] as lead and a 48-hour
TL, of 1.4 mg/l. They estimated the safe concentratien
at 0.20 mg/1.

LIGNASAN
(see Mercuro-Organic Compounds)

LINOLEIC ACID AND LINOLEATES
(see Fatty Acids)

LISSAPOL (NONYLPHENOL ETHYLENE
OXIDE CONDENSATE)

{see Chapter X)

LIME
(see Caleium Hydroxide)

LINDANE
(see Chapter X Benzene Hexachloride)

LITHIUM L

{see also Lithium Chloride)

As one of the alkali metals, related to sedium and
potassinm, lithium is not widely distributed in nature,
being found in a few minerals and in certain spring
waters. Being very active, the metal does not ocenr in
the elemental state and when purified as such it must be
protected from water or oxygen. It is used in metallurgy,
m medicinal waters, in some types of glass, and as lith-
imm hydroxide in storage batteries. Hibbard (250) ree-
ommends, without references, that lithiom in water for
drinking and cooking purposes should not exceed 5
mg/l.

Lithium toxicity in citrus has been identified in Santa
Barbara County, California. In green-house experiments,
2 and 5 mg/1 of lithinm sulfate (in air-dried soil) caused
the appearance of toxie symptoms in orange scedlings
within 6 months. In the field, 1, 2, and 4 mg/1 of lithium
chloride in the soil have caused symptoms of lithium
toxieity.

Various irrigation waters in the area were found to
contain 0.045-0.080 mg/1 of lithium. Possibly lithium
poiconing has resulted from the accumulation in ground
of toxie concentrations over a long period of time. Al-
drich (1591) and his callaborators are making further
studies of the effects of 00501 mg/l of lithium in ir-
rigation water,

LITHIUM CARBONATE 1i.CO4

This light white alkaline powder, uite soluble in
water, is used in the production of glazes on ceramic and
electrical porcelain (364). It was reported in 1923 that
concentrations of 295-516 mg/1 of lithium carbonate re-
tarded larval and pupal development of Dresophila me-
lanogaster (1592).

LITHIUM CHLORIDE 1LiCl
(see also Lithium)

A white deliquescent crystalline solid, lithium chloride
is highly soluble in water. It is used in pyrotechnies and

in the soldering of aluminum. It is also used in the mag,, ]

rams
facture of mineral waters and it may be found in Somg foncen
natural mineral spr.ngs (364). at pH
In a eoncentration of 3750 mg/1, lithium chloride i , treatm
distilled water killed goldfish in 22 to 27 hours (313) | but in
For mature small fresh-water fish, the lethal concentyy, ' seribed
tion in 24 hours of exposure was found to be 2600 mgp , magnes
The data gathered by Powers and by Iwao indicate thy , despite

lithium chloride at concentrations between 1950 apq The

3770 mg/1 can kill fresh-water fish in about one day |, its sal
or sooner at warmer temperatures (1459). In contrasi Magn
with ihese high concentrations required for lethal effect, , in othe
one German publication (2977) reports that 100 mg/) . of elec
of LiCl is toxie but 33 mg/ is harr.less to fish. ions ar
The threshiold concentration for immobilization of , that th
Daphnia may, = in Lake Erie water was found to be leg , waters,
than 7.2 mg/1 798); but in River Havel water at 23°¢  bardn
the threshold of poisonous effect was observed at 16 mg ! The
during 48 hours contact (2158). With the protozosn , which

Microregma as the test organism, food intake was inhib. .of ass
ited at 66 n.g/1 (3343). Toward Scencdesmus and Esche. |, scribed,
richia coli, no toxicity was evident at concentrations leg , salt.
than 1000 me/1 (2158). In order to evoke stimulatiog V2 Cr
and movement of the water bectle, Laccophilus maculosis, Solids,
a LaCl concentration of 19,500 mg/1 was required (2956). 1 3 g
It Las been reported that dilute concentrations of LiC) |

are deleterious to the ergs of various aquatie organisms, 4 2‘ )
retarding their development and producing monstiosities + M
(1467). Kiag demonstrated that concentrations of $48 ({;n:em
mg/1 were highly toxic to ily larvae, preventing emerg. i ® :;,nes
ence of offspring and retarding development of both Vst k.
larvae and pupae (1592). trations
.n'nploa.
LITHIUM FLUORIDE LiF ,1o7s, T
larly u

This moderately solnble salt is used as a flux for solder. * develop
ing and welding aluminum #nd in the manufacture of ! 7},
vitreous enamels and glazes (364). The oral LD fort o
guinea pigs is 200 mg/kg of body weight (3271). The: . 196
lethal dose in 48 hours for the fish, Tinca vulgaris, is*;.0 1 g
reported as 20,000 mg/1 (3271). i

,30 mg

LITHIUM SULFATE ‘rean. St
(see Lithinom) "525 mé f
LOROL METASODIUM SULFOBENZOATE { ok
(see Chapter X) propose
I ‘bard re
MACHFSIUN) Me i of
1. General. As one of the most common elements in mg/l_fo
the crust of the earth, constituting about 2.1 percent of Baylis s

it, magnesium is widely distributed in ores and minerak'rangingﬂ
(361). Because it is very active chemically, it is not found water (4
in the elemental state in nature. With the exception of Sondey
the hydroxide at high pH values, its salts are very !o domes
soluble; even the carbonate will dissolve to the extent  The ¢
of 100 to 300 g/l at normal temperatures (364, 911)."%een rep
The solubility of magnesium kydroxide is governed b-".indi\'idu

the equation: : The n
[Mg] [OH")? =12 X 10" at 18°C ind car

. nagnesi

Thus, at pH 7, magnesium ions theoretically can M;n:::é:a

present to the extent of 1200 mols per liter or 28,300 Seshan ﬁ
t BN
|
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grams per liter, but at pH 10 the maximum possible
concentration of magnesium ions would be 28.8 mg/1 and
at pH 11 only 0.288 mg/1. This phenomenon is useful in
treatment processes to remove magnesium from water,
but insefar as natural waters are concerned it is de-
seribed herein mercly to show that at common pH values
magnesium ion may be present in high concentrations
despite the apparently low solubility product.

The industrial and commercial uses of magnesium and
its salts are many, as described hereinafter for the salts.
Magnesium metal is used as a constituent of light alloys,
in other phases cf metallurgy, and in the manufacture
of electrical and optical apparatus (364). Maguesium
ions are of particu. 'r importance in water pollution in
that they occur in significant concentration in natural
waters, and along with ecalcium form the bu'k of the
hardness reaction (see Hardness).

The literature decribed herein deals with articles in
which magnesium ions were referred to without mention
of associated cations. Where salts were tested and de-
seribed, the material is covered under the appropriate
salt.

2. Cross References. Calcium,
Solids, Tastes.

3. Effects Upon Beneficial Uses.

a.Dorfestie” Water Supplies Magnesigni is Z‘ih:‘?

Di=solved

Hardness,

gential mineral element for human beings, the daily r
quirement of magnesium _is about. 9.7. grams. (295}
Magnesium is considered relatively non-toxic to man an
fot a public health hazard because, before toxic concert
rations are reached in water,. the taste becomes. qui
finpleasant (633) (see aleo Tastes). At high concentr
tfons, “magnesium salts have a laxative effect, partic
lirly upon new users, although the human body can
develop a tolerance to magnesium over a period of timd.
~ The 1916 _USPHS Drinking_Water Standacds, re
@rimended a limit_of 125 mg/] but there is no limit i
the 1962 standards (2036).. The 1958 WHO Intern
tional Standards (2328) have a ‘‘permissible Yimit?? o
50 mg/1 and an *‘excessive liwit’’ of 150 mg/l, but n
maximum allowable concentration. Th~ 1961 WHO Eurs.
sgean‘ Standards” (2329) have a recommended limit o 1

25 mg/], but if the sulfate }x’cccds 250 mg/1, the-ma
desinm is limited to 30 mg/1:

P imits ranging from 100 to 200 mg/l Kave also bée
{rr.pow-] for domestic water supplies (942,-1053)¢ Hil
‘bard recommended a limiting. concentration of magne-
$ium of 10 mg/1 in water for drinking and cooking; 5
g/l for washing ; and no magnesium for laundry (250).

aylﬁ‘_s’ﬁgge"éiédjl_imitfﬁﬁ concentrations of ‘magnesii
anging from 50 to 150 mg/1 for four grades of drinking
ater (499). In his system for elassifying ground wate
oudey suggested limits from 15 to 125 mg/, aceording

dowestic and industrial uses (9#92).

e laste. threshold for magresium (in-MgSO4)~
n reported (3241) as 100 mg/l and for the avera
ifhdividual it is given as about 500 mg/1 (3392)!

The negative correlation between hardness in water
and cardiovascular disease does not appear to hold for
magnesium as it does for eslcium (3368, 3369) ; yet one
investigator (3537) reports the favorable use of mag-
nesium sulfate to treat such cases and claims that mag-

-
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nesium, rather than caleium, is the bi ~eficial element in
reducing cardiovascular attacks (see Hardness).

b. industrial Water Supplies. Like calcium, magne-
sium in small amounts is beneficial in the mash water for
pale beer (175, 1074, 3344). Magnesium in water used
for preparing developer solutions causes spots on filmms,
if it is precipitated out of solution (242).

The limiting or threshold concentrations of magnesium
that have been recommended for various industrial
waters are described in Chapter V. The following table
is extracted from that chapter:

REcovimendsd - -
MgCls Mg(HCOs)s

Process Aagnesived  Mgio,

“Rrew oo : w0 100-200 100-200 L
Ice manufacture s 130-300 171-300 50
Soda pulp - 3 T - - i =)
Sugar making .. . 10 . - o
Textile manufacture _ ... ... § e - -

o. Trrigation. Magnesium is essential to normal plant
growth (635); and magnesium and caleium cations in
irrigation water tend to keep soil permeable and in good
tilth (268, 281, 348, 1252). It has been reported that
magnesium in water in concentrations up to 24 mg/1
will probably not affect seriously the condition of under-
ground water basins, growth of trees, or condition of the
soil (1060). In very high concentrations (3000-5000
mg/1) MgCl, and MgSO, have been toxic to the bean
plant (3376).

d. Stock and Wildlife Watering. Animals require
magnesium salts in their diet. According to Maynard,
calves require about 0.6 grams of magnesium per 100 Ibs.
body weight, or 600 mg/kg in the dry ration. Chicks
require about 400 mg/kg of magnesium in the dry
ration. The specific needs of other animals are not known
(995).

In the body, calcium and magnesium are antagonistie
to a certain degree and calcium may alleviate symptoms
of magnesium excess. Diets high in magnesium and low
in caleium can cause rickets (284, 295). Provided that
both ecalcium and phosphorus in the diet are sufficient,
however, the ingestion of a moderate excess of magne-
sium in the food or water will not markedly disturb
calcinm retention, although it may increase the caleium
requirement (284, 295).

Magnesium salts act as catharties and diuretics among
animals as well as human beings, and high concentra-
tions in drinking water may cause scouring diseases
among stock. Water containing less than 5000 mg/1 of
magnesium compounds is harmless to cattle which bave
become accustomed to it (292). An interim threshold
limit of 500 mg/1 has been suggested by Stander (3373).
Ingestion of mixtures of sodium salts and magnesium
and nitrate jons caused poisoning among ducks (288).

e. Fish and Other Aquatic Life. The relative concen-
trations of magnesium and ealeium in water may be one
factor controlling the distribution of certain crustacean
fishfood organisms, such as copepods, in streams (1085).
Hart et al. cite a report that among US. waters sup-
porting a good fish fauna, ordinarily 5 percent have less
than 3.5 mg/1 of magnesium; 50 percent have less than
7 mg/1; and 95 percent have less than 14 mg/1 (310).

Magnesium chloride and nitrate can be toxic to fish
in distilled water or tap water at concentrations between
100 and 400 mg/1 as maguesium. However, magnesium
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¢hloride, nitrate, and sulfate, at concentrations between
1000 and 3000 mg/l as magnesium bave been tolerated
fur 2-11 days. Some fresh-water fish have been found
in very saline lake water containing over 1000 mg/1 of
magnesium as well as additional sodium and calcium
salts (1459).

As magnesium nitrate, 400 mg/1 of magnesium is
toxic to a flatworm, Polycelis nigra_ as magnesium chlo-
ride (353). A concentration of 300 mg/1 of magnesium
has been reported to be toxie to stickleback (353, 2941).
Magnesium salts in water affect the toxicity of copper
toward fish (1076). For further details on fish toxicity,
see the specific magnesinm salts.

f Shellfish Culture. Magnesium was found to be
more toxie than calcium to mussels but less toxie than
sodium and potassinm (353).
MAGNESIUM ACETATE Mg(C:H;0;)2-4H20

(see also Ma, nesium, Acetlates)

This colorless salt is freely soluble in water. Heller
found that 15,000 mg/1 of magnesium acelate in drink-
ing water permitted satisfactory growth and reprodue-
tion among rats (287, 2980).

MAGNESIUM BICAREONATE

(see Magnesium)

MACNESIUM CHLORIDE Mg(l-6H,0

1 Ceneral. Highly soluble in water, magnesium chlo-
ride may oceur in water either naturally er as a com-
ponent of waste waters from oil wells, road run-off, and
industry. It is used in manufacturing chemieals, arti-
fic;al leather, cements, fire extinguishers and firepreofing
materials, sweeping compounds, and road coverings
(364).

9 Cross References. Hardness, Magnesium, Taste,
Chapter V.

3. Effects Upon Beneficial Uses.

a. Domestic Water Supplies. The taste threshold of
magnesium ehloride in water has beon reported to be
200 to 750 mg/l (621). Steya et al. recommended that
in order to prevent unpleasant salty tastes and possible
appetite disturbances, water should not contain more
than 168 mg/l of magnesium chloride (284). Thresh
tates that much smaller guantities of magnesium chlo-
ride, even 40 te 50 mg/l, can render a water useles; for
many domestic purpeses because of its hardness (32).

b. Industrial Water Supplies. Magnesium chloride
in water may interfere with its suitability for some in-
Qustrial nees, In boiler waters it is corrosive (855).

The following maximum concentrations have been ree-
ommended :

Use Concentration in mg/l Reference
Brewing 200 173
Brewing 100 170
Tee, raw water 171 173

e. Trrigation Use. Irrigation with ¢Muents of high
magnesium chloride content did not appreciably affect
the yiclds and composition of hay (1253). At concentra-
tions in excess of 2000 mg/1, MgCl, inhibited the growth
of Lean plants (3376) and guayule (3378).

d. Stoek and Wildlife Watering. In experimental ani.
mals 4.0 grams of magnesium chloride per 100 grams of
diet causes diarrhea, loss of appetite and even death
(295). It has been reported that daily oxal administra.
tion of 20 grams of magnesium chloride to pigs; 60
.rams to sheep; and 400 grams to horses had no detri.
mental effects. A dose of 1.5 grams bhas been toxie to
ducks (284).

Magnesium chloride in water had no effect on tooth
decay among rats (1069). Water containing 10,000 to
15,000 mg/1 of magnesium chloride interfered with the
growth of rats (287). Water containing 10,000 mg/1 of
magne ium chloride and 5000 mg/1 of calcium chloride
was not barmful to mature rats, although it did inter.
fere with lactation (287). Water containing 5000 mng/1 of
magnesium chloride and 20,000 mg/i o’ sodium chloride
inhibited rat growth (284). Concentrations of MgCl, up
to 9500 mg/1 in the drinking water i ad no effect on the
food or water intake of male rats (2398).

e Fich and Other Aquat.c Life. Garrey found that
magnesium chloride added to water decreased the tox.
icity of calcium and potassium chlorides toward fresh.
water fish, and that calcium chloride decreased the tox.
jeity of magnesium chloride (307).

The following concentrations of magresium chloride
have been reported to have killed fresh-water fish:

Concentration Type of Time of Type of
inmg/l Water Fiposure Fish Reference

478 distilled 4.6 days minnows 313
L000 g 96.5 Lours golden

shiners €45
6157 distilled 321 days goldfish 313
8132 - . carp 3,38
100 = 4.6 hours shiners 645
15000 o 0S8 hours shiners €45
16500 turbid a6 hour TLa musquito fish 2040
20000 e 0.5 hours shiners €45
23 24 hours Orizias 1459

The highest concentration of MgCly tolerated by
young eels for more than 50 hours was reported to be
about 9500 mg/1 (1459). Some fish-food organismns, such
as Daphnia and otber cladocera, are Jess tolerant of
magnesium chloride and have been immobilized or killed
within two days by concentrations of magnesium chlo-
ride from 740 to 3500 mg/1 (598).

f. Shellfish Culture. In 1890, Dean reported that the
most favorable salt content for oyster growth is about
30,500 mg/1 of ¢hlorides, of which magnesinm and po-
tassium chlorides constitute about 20 percent (314).

MAGNESIUM FLUCRIDE MgFy

This colorless salt is soluble in water only to the extent
of 87 mg/l at 18°C. It finds commereial application 18
the ceramies and glass industries. The oral LDy, for
guinea pigs is 1000 mg/kg of body weight (364). To

kill tench, a concentration of 10,000 mg/1 was requir
(3271).

MAGNESIUM NITRATE
(sce also Magnesium, Nitrates)
This freely soluble compound is used in pyrotee

Mg (NO:):'GH:

Loics

The taste threshold of magnesium nitrate in water
reported to be 500 to 800 mg/1 (621). The follo
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enrich manganese-deficient soils (2121). Like iron, it
occurs in the divalent and trivalent form. The chlorides,
nitrates, and sulfates are highly soluble in water; but
the oxides, carbonates, and hydroxides are only spar-
ingly soluble. For this reason, manganic or manganous
jons are seldom present in natural surface waters in con-
centrations above 1.0 mg/). In ground water subject to
reducing conditions, manganese can be leached from the
soil and oceur in high concentrations. Manganese fre-
quently accompanies iron in such ground waters and in
the literature the two are often linked together.
2 (ross References, Iron, Manganese Salts, Potas-
<ium Permanganate, Turbidity, Tastes.
3. Eifects Upon Beneficial Usesh
p- Démestie  Water” Supplies. The 1962 Drinkingy
gWater Standards of the USPHS (2036) set. a recom,
ended Jimit for manganese of 0.05 mg/l” The 135§
XV HO Infernational Standards (2328) preseribe a*’pe
ynissible Yimit’® of 0.1 mg/l and an ‘‘excessive limit’’ (3
2)5 weA, but no maximum allowable limit is given. Th
161 WHO European Standards bave a rccommendec&‘
Hmit of 01 me/& i s
Hlese limits kave been established on the basis i{);%
;_sﬂust}c and economic considerations rather than physi
ogical hasards. Manganese is essential for the putritiod
bf both plants and animals (2121, 2129}, Diets deficien
Bn manganese result in impaired or abnormal growt
Tinploms ., of - central nervous system dicturbane
nemia, and possibly interference with reproductiv
LTunctions (2121, 2129). The daily intake 1;om & norm
Puman diet is about 10 mg (2129). Tt is absorhed ve
<lightly and deposits mainly in the liver and kidneys
(2129).
{n caonicentrations not causing unpleasant tastes;, man-
anese is regarded by gnost investigators to be of ngd
Qxicn]ogica] significance in drinking waterj(633, 1077).
However, some cases of manganese poisoning bave been
reported in the literature. A small outbreak of an
encephalitis like discase, with early symptoms of leth-
argy an . edema, was traced to manganese in the drink-
ing water in a village outside of Tokyo; three persons
died as a result of poisoning by well water contaminated
by manganese derived from dry-cell batteries buried
vearby (36, 1225). Fxcess manganese in *he drinking
water je also Lelieved to be the cause of a are disease
endemie in Manehukuo. That manganese may . toxic is
also indieated Ly the reports that 0.5 to 6.0 grams of
manganese per kilogram of body weight administered
daily to rabbits had stunted growth and interfered with
bone development (921). o
Dicpite the poscibl@tonic effects of manganese ’midé?l
fBusual circumstances, it cannot be cons’ lered a physio-
ogical hazard because the pormal dietary intake is fari
igher_than the amount that would be tolerated esthct
ally in drinking water
e L il
Manganese is undesirable in domestie water supplies
becanse it causes unpleasant tastes, deposits on food dur-
ing cocking, stains and discolors laundry and plunbing
fixtures, and fosters the growth of some micro organisms
in reservoirs, filters, and distribution systems (1593,
3539, 3540, 3541, 3542) (see Fish and Other Aquatic

Life, below).

It bas been reported by one observer that map
salts impart a metallic taste to water at coxmzutr';."AQ
above 05 mg/l (945); and by another ref!ren‘&‘
above 20 mg/l1 (759). Cohen et al. (3301) gou'n;‘ L
taste threshold for manganous ion in spring wats
oceur at about 150 mg/1 for the median of a large Tht
but at 32 mg/1 for the most sensitive memberg, ]nm"
tilled water the taste thresholds were much lower, o
35 mg/1 for the median and about 0.9 mg/1 for the
sensitive panel members (3301). Manganese in ex
0.15 e/ has also been reported to cause turbid;t’
water (1594). a
For domestic water supplies a maximum concentry ;hc
of man~ -~ a_or of iron and manganese together, a4 "_,c
as 011 mgl"] Jas been recommended (]?:lG) Cnncﬂ“:: ;:\d

tions as low as 0.1 mg/] are reported to cause lany et
trouble (219, 284) ; concentrations of 0.2 to 0.4 mgp . o )
likely to cause complaints (36) ; and, in"gentral. Yimig "c:
onEintFatic s Trom 0.02 to 0.5 mg/l bave Been reased ! - i
§egded (499, 555, 628, 1257, 3541)..4 -t gBE
“b. Industrial Water Supplies. Excessive Mmanganeg Q"‘_mf
is undesirable in water for use in many industrieeg N 0:_‘:’
cluding textiles (255, 256, 257); dyeing (261); g ) _’.cc
processing, distilling, and brewing (240, 224, 284); gy "'m
(234) ; paper (212, 879); and many others (see C},,'.,o_c X
V). The following tzbulation summarizes the re:r.-_;.
mendations as to maximum permissible concentrations f
manganese in industrial waters:
Waozimum Permissible Concentratiog
,\!uﬁy';nrséilfov; 4+ Manganese R(];:;;
Industrial Use inmgp/l inmg/l
Air conditioning 05 05 102
a5 - 152
Prking 02 0.2
Brewing, light snd dark 0.1 01
Canning 02 02 162,152
Carbonated teverages 02 02 162, 152,18
5 01 179
Confectionary 02 02 162,152
Cooling water 02 02 112

05 05 162
0 8

0
o 02 .“ﬁ 02 162,172
ce & :l.-,__‘; 02 02 162, 152 24

Milk industry 10301 < 2344
Pajper sud pulp 0 0 36
Groundwood 05 1.0 162,152
01 - 744
Kraft pulp 01 02
Soda and sulfate 005 01
0.05 -
Hiskgrade paper 005 01
Fine paper 005 01
Kraft paper
Ieached 01
unblesched 05
Photogrsphy 0
Plactics (¢l ur)
Rayen and viscose
Pulp production
Manufacture

162,152
162,152

r‘} r:h‘

Tanning
s pODL ral

e o
sextile

dyeing
wool scouring
bandages




e. Irrigation. Manganese is essential for plant growth,
apparently as an enzyme activator (3543). It is espe-
gially abundant in the reproductive parts of plants,
pseeds being highest while woody sections contain the
past manganese (3544). Nuts contain the highest con-
centrations (22.7 mg/kg) and sea foods the lowest (0.25
mz/kg). Tea diffuses enough so that the normal liguid
has 1 to 7 mg/1 (2121). Manganese has been used to en-
rich soil, vet in some c-neentrations it may be phytotoxie
(219, 277, 563).

Manganese in the nutrient solutions has been reported
to be toxie to many plants, as grown in solution cultures.
The sensitivity and response of the plants to the pres-
ence of manganese varies both with the species of plant
and the composition of the nutrient solution. Symptoms
of manganese injury have been intensified in the pres-
ence of molybdenum, vanadium (1593), or nitrate

1596). Symptoms of manganese injury have been di-
minished in the prerence of cobalt (1499), iron, molyb-
denum, aluminum, phosphorus defic’ ney (1458), am-
monium or ammonium nitr.te (1590). The following
toncentrations of manganese have been reported to be
tarmful to plants ir solut o culture:

Concentration of

angancye in mg/l Type of Plant Relerence
05 Various plants 1597
1-10 Various lesumes L7
35 Various plants 1597
5 Orapge sad mandacin seedlings 1524
510 Tamatoesg 14499
1025 Saybean, flax 1595
25100 Fiax 1458
50 Flax 1596
62.5 Various plants 1507
150 500 Onts 1462

K}

It has also been reported that 0.25 mg/1 of manganese
3as permitted good growth of tomatoes, and that up to
10 mg/1 of manganese has reduced the severity of cobalt

visoning in tomatoes (1499). In the presence of am-
tonium or of ammoninm nitrate, 50 mg/1 of manganese
¥as not harmful to flax, although this concentration was
Armfyl in the presence of nitrate vithout ammonium
1596). Manganese sulfate, at a concentration of 100
%2/l as manganese caused no apparent injury to oat
lants (1462).

d. Stock and Wildlife Watering. A deficiency of

Apanese in animals produces ovarian disfunction,
Steular degeneration, poor lactation, lack of growth,
o8e abnormalties, and symptoms of central nervous
§ Sturbance (2121). Cattle are reported to have received
§ “2ges of 50 to 600 mg/kg in the diet for 20 to 45 days
Ithout serious effects. Birds have received single oral
B 2ges of up to 600 mg/kg without adverse effects, but
L * continuous excess of manganese in fodder was sus-
E*“ted as an etiological factor in the oceurrence of infec-
E s .ancmia in horses. Manganese appears to oxidize
| ');";l)n B in the horse body, producing avitaminosis
|
The metabolism of manganese is closely related to that

*leium, phosphorus, iron, copper, and possibly other
Bfrals, and the proper balance must be maintained.

‘:ﬁlnganese requirement for chicks has been reported

30-50 mg/kg (dry ration) ; for hens, 40-50 mg/kg.
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However, 1000 mg/kg in the dry ration was not toxic
(1551).

e. Fish and Other Aquatic Life. The toxicity of man-
ganese toward fish is dependent upcn many factors.
Jones (2941) gives the lethal « ncentration for the
stickleback as 40 mg/1; however, the toxic action is slow
and menganese does not appear to precipitate the gill
secretions. Aecording to Oshima (3515) and Iwao (3546)
the toxicities of manganous chloride and manganous sul-
fate are slight, being abont 2400 and 1240 mng/1 of man-
gavese respectivel . Manganese appears to be somewhat
antagonistie to the toxic action of mickel toward fish
(1468).

The following conecentrations of manganese have been
tolerated by fish urder the stated conditions:

Conconiration Time of Type of

in mg/l Ezposure Fish Reference
1 s river crayfish 2977
15 7 days tench, carp, trout 2151
40* 4 days fingerling catfish 2981
S0+ 3 days stickleLack 1459
2700 50 hours eels 1459

® from manganese disedium versenate
*ofrom manganese sulfate

Manganese and iron in concentrations above 0.1 mg/1
stimulate the growth of certain organisms, such as Cren-
othriz, Gallionclla, and other related forms in reservoirs,
filters, and distribution systems (152, 921, 245, 1258).
The addition of as little as 0.0005 mg/1 of manzanese re-
sulted in increased growth and multiplication of various
microbiota in sea water (1259). Guseva (534, 1260), on
the other hand, found that concentrations of manganese
abeve 0.005 mg/1 had a toxic effect on some algae.

The threshold copeentration of manganese for the flat-
worm Palycelis nigra has Leen reported to be 700 mg/1
as manganese chloride and 660 mg/l as manganese
nitrate (608). Crustacea, worms, and insect larvae were
not harmed by 15 mg/l of manganese during a 7-day
exposure (2151).

The permanganates are much more toxie to fish than
the manganous salts. Permanganates killed fish in 8 to
18 hours at concentrations of 2.2 to 4.1 mg/l of man-
ganese (3545, 3546). However, permanganates are not
stable for long in water.

4. Summary. On the basis of the literature surveyed,
it appears that the following concen'rations of man-
ganese will not be deleterious to the stated beneficial uses:

8. Domestic water supply - ____ . _______ 005mgN
b. Industrial water supply - ... .. ... 005 mg/
B TR ARION - e e e e e 0.50 mg/N1

d. Stock watering ... ... . ... ..... 100mgN
e. Fish and aquatie life ... _.___.__.____ .. .. 10mg/

MANGANESE CHLORIDE MnCl; and MnCly

(see also Manganese, Chlorides)

This highly soluble salt, oceurring generally in the
manganous form, is used in dyeing operations, in dis-
infecting, in linseed oil driers, and in electrie batteries
(361). In fresh water, 12 mg/1 has been reported as fatal
to minnows (Fundulus) within six days (1459), but
other fish have been found to be much more tolerant of
MnCls. For the small fresh-water fish (Orizias), the 24-
hour lethal concentration was about 7850 mg/1 (1459) and
for other fish 5500 mg/1 (3545, 3546). The highest concen.



