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1. PURPOSE

) The purpose of this Report is to present the aquifer restora- i

tion data collected in connection with Cgle 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.

)

3

J

;

2

J

om .mm .c.
_1_

- _ _ _ . .
.



.

p
-

.

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
!

j 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 site facilities and

i orebody outline is presented in Figure 2. The R & D we11 field,
|

) 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

3 were to:

1. Obtain the hydrologic and chemical process data
necessary for the design of the commercial

facilities, and
J 2. 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

3 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 0 ) were recovered during3 8

3 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/1, respectively.
OGLE PETROLEUM DfC
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The restoration phase of the project took place during the

9 period August 1, 1979 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

a restoration period, the circulation of approximately eight aquifer

pore volumes through the R. O. unit and the wellfield reduced the

concentration of all chemical species tested to less than baseline

) values or driaking water standards with the exception of total

carbonate which does not have a drinking water standard. Approxi-

mately 150 additional pounds of uranium were recovered during the

e restoration phase bringing the total uranium recovery for the pro-

ject to 1,980 pounds U 08-3
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3. BASELINE WATER QUALITY

j Thebackgrbundwaterqualityintheaquifertobeaffectedby
| OPI's in-situ mining operation is unsuitable for any use other than

industrial primarily due to high pH and the high concentrations of

j 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
1

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

j the pH to the 6.5 to 8.5 range, and radium-226 would have to be

h reduced to less than 5.0 pCi/1. 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. O. unit. A

conventional water softener would not be adequate since a water

oca nmuvu we.
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CLA55| FICA 1104 SY5ilm FOR stouwowAf tt$ Or tsf0 MING

GeoumouAf ta CtA55 1 I il J lli k It k VA | 50.

) Petestial Use 1 Omestte Fish /Aouattc Life i Agricultrra | tivestsch | Inowstry
,

Constituent or Parameter Concentration or Range .. og/l unless otherwise indicated*

Aluminum (A1) 0.10 5.0 5.0
Am enta (set 3) 0.58 0.021
Arsenic (As) 0.05 0.05 0.10 0.2
Barium (Ba) 1.0 5.0

) teryllium(Se) 0.011 1.13 0.10
Boron (B) 0.25 0.25 5.0
Cadstum(Cd) 0.01 0.0004-0.0153 0.01 0.05
Chloride (C1) 250. 100 2.000..
Chromium (Cr) 0.05 0.05 0.10 0.05

0.05 1.0Cobalt (Co) 3 0.20 0.50topper (Ce) 1.0 0.010-0.040
Cyanide (C81) 0.2 0.005
Fluoride (F) 1.4-2.47

} Hydrogen sulfide (H 5) 0.05 0.0022
2

fron (fe) 0.30 0.50 5.0

trad(Pb) 0.05 0.004-0.1503 5.0 0.10
2.5tithtum (tt)

Manganese (Mn) 0.05 1.0 0.20
kercury(Hg) 0.002 0.00005 0.00005

Nicket tut) 0.05 0.4003 0.20-

hitrate (NO3 as Nitroger 10.

httrite (h02 as Nitro 9er 1.0 10.
100.(NO *N0 , as h)S 3 2

> 011 8 Cresse 10. virtually free 10. 10.

Phenol 0.001 0.001

Selenium (Se) 0.01 0.05 0.02 0.05
5tiver (Ag) . 0.05 0.00010-0.000253

250. 200. 3.000.Sulf ate (50 )
Total 01sso!vedSol1ds 500. 500.4 2.000, 5.000. 10.000 > 10.000

(105) 1.000.|
. 2.000.

3 5.0 5.0
3 Uranium (U) 5.0 0.30 1.40

0.10 0.10
/ Yanadfum (V)

21ac(2n) 5.0 0.050-0.0603 2.0 25.

pit 6.5 8.5s.v 6.5-0.0s.v. 4.5-9.us.v. 6.5-8.5s.v.

-2

)
8

SAR 1.25 meq/1
R5C

Comoined Total
Raatum.226 and
Radium-228 5 pC1/1 5 pct /1 5 pct /1 5 pC1/1

Total 5trontlue-90 8 pCi/1 8 PC1/1 8 pCf/1 8 pCl/l
e

cross alpha particle
radioactietty (including
kadium-226 but escluding
pedon and Urantum) 15 pC1/1 15 pC1/1 15 pC1/1 15 pC1/1

|

Underground water of this class shall not cont'ain bacterio.
logical, biological, hazardous, tonic or potentially toxic
e.aterials or substances including pesticides, insecticides

'

or herbicides in concentrations or arounts which esteed
- masimwe allowable (oncentrations based upon the latest
| available information and in conformity with the latest

.

j criteria or standards estabitshed by the U.S. Enviromental
Fratection Agency or its successor agency.

,

SOURCE: k'ater Qualicy Division (DCQ) Proposed Rules and Regulations.

I ntentard a vontat Wnen 4 ronta dissolves in water, sow of the avenia reacts with water to foreU N ), ign{aed aarenteamonium tons. A cheetcal equilibruin is established which contains unionized amonia (f y

4 ), and hyde osMe to9s (W*). The toalCity of aqueoVS solutions of apr9nla is attributed to ?N t thereforey
(NW
the standaf d is for atnientaed a t-onta. (%te: 0.02 e$/1 N'tj is equivalent to 0.016 NMy as N)a

? 'ntissociated Hp5t The tesicity of sulfides derives prtrarily from "25 rather than from the dissociatedL 5
(15) or (5) tonst there'ere the standard is for tw toafc vadissociated V2

3 Dependent on hardaesst The toalcity of setals in natural waters varies with the hardness of the watert
generally. the lletting cor. centration is greater is hard water than in soft erster,

tog hatching fish eearing fish and aquatic the .
*

I

basalasconta-nltrogen.
Ice;.endens en she aan al average of the e4minue dally air serperature.v

OC m .ar
D ''t
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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. RESTORATION RESULTS

g The groundwater restoration activity commenced in early August

and terminated in mid-September; 1979. The restoration program

consisted of the following:

3 1. 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

lP ant to lower the concentration of uranium.D

2. August 5, 1979 through August 9, 1979: One aqui-

fer pore volume, approximately 115,000 gallons,

was pumped from ?.he we11 field to the evaporation

s 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

D R. O. unit. The clean water (permeate) from the

R. O. unit was reinjected at the wellfield. The

concentrated brine (rej ect) from the R. O. unit

was discharged to the evaporation pond.

e
Restoration of the groundwater affected by OPI's pilot in-situ

uranium leach project was achieved on September 14, 1979. In

, 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

3 restoration period data are presented in tabular form in Tables 1

through 5. The analytical laboratory water quality reports for the

" " ' " " " " * * '

9 -10-
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TABLE 1

RZ3MRATION INFORMATION
WELL 303-6-P 7

(Units mg/1 unless othervloe indicated)

BasrLINE values | RESMRATION AND POST RISTORATION VALUES
Sample samle sample sample Sample Sample Sample Sample savle sasTle Sample sample '

Round Rount Roun3 Round Round Round Round Round Round Round Round Round
Number 1 Number 2 Nurter 3 Number 4 Bate 11ne Number 1 Number 2 Number 3 Number 4 Number 5 Number 6 Number 7 Numtier 8

PARAMETER 09-03-78 09-20-78 10-12-78 10-23-78 M*an 08-05-79 09-05-79 10-05-79 11-05-79 12-07-79 01-08-80 02-05-80 03-19-80

PM (pH units) 9.2 9.5 9.8 9.7 9.5 8.1 9.2 8.6 7.9

h tal Dissolved Solids 1350 1612 1400 1486 1464 1376 1372 1458 1350

Specific conductivity
p (mic romhos/cm 3 1770 1785 1775 1750 1770 1725 1725 1725 1725 SAMPLES FROM WELL 303-6-P 7 NILL NOT *

Asumnia (as N) 0.25 0.07 0.22 2.0 0.64 - 0.1 0.62 -0.10 - 0.1
D m mD E

3 Nitrate (as N) *0.01 0.03 -0.01 0.26 0.08 -0.01 0.02 0.01 0.03
5, 6, 7, and 8 WE M A

Nitrite (as N) *0.01 -0.01 -0.01 -0.01 -0.01 0.10 -0.01 0.02 -0.01

Blea rbona t e 98 85 73 61 79 110 61 85 110 STUCE PUMP SITUAtt0N

Carbonate 24 36 36 36 33 0 36 24 0
DISCUSSED IN TNE THIRD QUARTERLY

Calcium 28 12 18 18 19 40 35 37 26
WRT. m s N E W RE MAS BEENO loride 34 32 34 36 34 36 26 30 30

Baron - 1.0 - 1.0 - 1.0 - 1.0 APPROVED BY THE NRC AND THE DEQ.

Fluoride 1.05 1.20 1.13 0.91

Magnesium 4 4 3 2 3 0 9 2 8

Pota s sium 8 13 9 10 10 11 10 8 7

Sodium 414 480 437 465 449 410 434 436 459

Sulfate 800 975 850 9 00 881 860 816 826 890

Aluminum -0.05 -0.05 -0.05 -0.05

Arsenic =0.01 -0.01 -0.01 -0.01 -0.01

(continued)
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TABLE 2

FIS70 RATION INFOR.*ATION
WELL 303-6-P 16

(Units mg/l unless otherwise indicated)

BASELINE VALLTS FESTORATION AND POST FISTORATION VALLTS

Sample Sample Sample Sample Sample Sample Seple Sample sample Sample Sarple Sample

Round Found Round Round Round Round pound Round Pound Pound pound Round

Number 1 Number 2 Number 3 Number 4 Baseline Number 1 Number 2 Nurber 3 Number 4 Number 5 Nurber 6 Number 7 Nucler 8
PARAMETER 09-13-78 09-28-78 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

pH (pH units) 9.3 9.2 9.0 9.4 9.2 0.3 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 1310 ( 1316)

g specific conductivity
(micrombos/cm) 1740 1850 1750 1785 1781 1800 1725 1615 1925 1800 1850 1850 1925

p
Ammonia (as N) 0.12 0.10 0.15 2.9 0.82 0.25 0.44 -0.10 - 0.1 0.18 0.25 0.24 0.20

Nitrate (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 -0.01 -0.01

Bicarbonate 98 85 98 85 91 85 122 146 115 129 120 127 127 ( 90.4)

Carbonate 36 36 36 48 39 24 12 0 3 0 0 0 0 1 6.0)

Calcium 32 25 29 29 29 51 38 30 34 44 40 43 39 ( 30.3)

Chloride 36 30 30 30 31 28 30 38 32 34 22 34 36 ( 5)

Boron - 1.0 - 1.0 - 1.0 - 1.0 - 1.0 ( 0.19)

Fluoride 0.80 1.20 1.0 1.03 1.09 ( 0.32)

Ma9nesium 4 6 5 3 4 3 1 6 8 8 9 9 10 ( 6.2)

Potassium 7 11 8 9 9 11 9 7, 6 6 6 12 9 ( 7.5)

413 412 402 g 39oy
Sodium 429 485 320 433 417 425 417 433 434 389

Sulfate 830 1000 770 870 867 806 759 804 817 800 790 814 833 ( 8 51
- 0.1

Aluminum -0.05 -0.05 -0.05 -0.05 g_o,ogy

Arsenic -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 (-0.02)

(continued)
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TABLE 3

PISTORATICN INFCR."GTION
WELL 303-6-P 19

(Units: mg/l unless otherwise indicated)

BASELINE VALUES RISTCPATION A';D TCST FESTORATION VALUES

Sample Sample Sample Sa nple Sample Sample sample samp le sample Sample Sample Sami le
pound Round Round Pound Rourd Round Pound Pound Round Found Poand Rouni

Number 1 Nurber 2 Number 3 Number 4 Baseline Number 1 Number 2 Number 3 Narier 4 Nurter 5 Number 6 Neber 7 Nurier 8
P A RA.''ETE R 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

pH (pH units) 11.3 11.4 10.1 10.8 10.9 8.4 8.6 8.8 8.0 B.4 7.8 8.2 7.9

Total Dissolved Solids 1348 1560 1462 1520 1472 1314 1418 1560 1640 1836 1784 1678 1616 ( 1723)

g specific Conductivity

Fa (micrombos/cm) 2080 1750 2100 1850 1945 1800 1800 1900 1825 2075 2275 2275 2000

Anunonia (as N) 0.25 0.10 0.18 2.2 0.68 0.24 0.44 -0.10 - 0.1 0.30 0.22 0.26 0.22

Nitrate (as N) 0.16 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

8icarbonate * 0 0 31 0 31 85 122 98 93 114 93 93 93 ( 63)

Carbonate 24 36 24 24 27 24 24 12 0 0 0 0 0
( 5)

Calcium 49 62 56 31 49 56 26 32 34 56 54 53 51 ( 42.2)

chlorlde 52 40 40 32 41 30 28 22 24 22 24 22 22 ( 18)

Boron - 1.0 - 1.0 - 1.0 - 1.0 - 1.0 g o,33,

riuoride 1.09 1.05 1.07 0.70 0.83 ( 0.22)

Magnesium " 0 0 0 0 0 3 5 8 17 11 14 11 14 g to,33

Potassium 14 16 11 10 13 11 10 9 10 9 9 10 11 g go,93

Sodium 441 442 447 448 444 416 434 500 508 485 498 481 4P6 g 4sc3

Sulfate 820 960 900 950 907 807 774 , 1013 1075 1150 1100 1082 1082 ( 1096)

Aluminum -0.05 -0.05 -0.05 -0.05 - 0.1 (-0.01)

Arsenic -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 'O.01 -0.01 -0.01
(- 0.2)

*Mean Daseline value based on Sampic Round 3 analytical error suspected in Rounds 1, 2, .nd 4.
' Analytical error also suspected for Magnesiu'n during the baseline period.

(continued)

_



e

s

e e s.n e e=. em em
nA

m

cea
A

ee e4 e4 .m se en en en e4

O. O. O. O. O. O. O.
ca6

* O OO
* *

O O O O O O O o O O
e e e a e e e 6 e 4

w w ,6, w w w w w w w -,

e
eO e3

.e.e 45
<D ee er

. c be e en e.e to ew m en e4 O 9 en e4 to in m

W D ei e e e i

O*
O*

O O O O O
O* O* O*

c.443 & cc O O O O O
*

O* O O O* O O Om ss. JJ e4
* * * N.E O = o o O O O

* *
O.E e o O

a e p 0 0 6 e M 6
ZO e4

NO
O.9 af CD e4

ee f* k I m en e4 ee O N
t, 5 t to O O O

O*
O e

L O * *

re.sr. a O * O O O *it. e Og
m 9 ee 6 6 e w

ZO e4
M .

e. )@Oa> . e -- . , aet c b.s e @ to e4 e4 O O g> g, s & CD
O.

O
O* O* O*

w. ,L o4O *
u g

2+ em E 4 O O O O O
O m -1 ed I 4 8 w ,,,

g ZO N u
we

6 *7 h #4 +
(Me .

O
esaog& O O

O* O* O*
w.

e. ,

.e,,44 ch a m to *4 *4 O e
W

* O O O O
34 h O 4, O *

.e
gm g a k e O

W SN O 8 I @ g
f* Z e4 t'=
ta e U

jO e -
a. ee

gg & @ e.
O -4 ch e CD in e4 N O O w=

b
3
9

a". G. g c to O O O O
O* ,uk

= O O O O
4

k
C E o O + = *

e4

jem a O
p W SM I 4 y g g
U Z e4 e4 Ag ,3H k
H e @ g

*$.
Me

b. (D. u. g
t9 N ed e4 Q

c. c
3, 6u 4et e no O e4 e4 e4 en e4 O w e4 ed en to O N e

f*i
n E o .a o * O O O-

O*
O* "t*

O O
O*

O* O O*

O ce.
W gmE s O O O O O O O O O

* O * @
3 e in O

* *
O

- *
O O e

.c.4
qar a

jO c
m W 30 0 e t a e i 6 e e i e e e en. N. o p

-
^ Z e4 e4 N

4D & ac4 e w -. e @ 9 6 e *

c
4

ch e e4 en e4 e4 O Og e.c. D 6 no O*
O O O O +e **e

9*C E 040 *

O O O e mec: m E e O O
* * * e E

"U*e4 en 3e a i e e e
ZO e u

7 gC -e -

O 1! u ','* *
e4 in e e4 c u

F1 13 6 in O O
O*

O O e.o e
n = = rw 9v L cf. 4 0

-

O* O O O e
un *3 en t t e e h.

&
E o Ov g 5e4

9 OZO w

m a ~

*e u
%re e4 m no e.c Ge C to O e4 *-4 e4 m e4 O w e-4 e4 en en O ran eat 5 *

tt "4O. O. O. O. O. O. O. O. O. O. O. O. O. O.
*

re.ee e
9 g N 5

O O O e-e to aC yg en E O
O. O. O. O. O. O. O. O. O. O., e e O& CG C

og
@ T b e4 * + , ,.

. o
* g,e m

* 4 @ Ye4 ch 4 e4 to e4 e4 O O re u n

f
E

. E O i} N * O O
O*

O M M be% *9 6 W O
*

O. O. O.
+ w e 9

e 9

mm E t
* * v

+

u.
*

O. O.
c'

gm m 2 0 ~ e- . ,,w Z- ,

n' 3u
4 m CD W M -ce O p

W b - *
ed g

> T
c u 8 ed to e4 e4 O O

* u c , ,

] 'y.W 6 *3 0 c4 O O
O*

O O +e 48 he le
'

2 E O A e4 * * * in O O e
H emE 8 O O O O* O = ce a e + k[

3
.J m 7 0 4 e e 6 e v

+ u u

w Z- e4 o E , s
k * Sw ed Ega rg op

se. 4 + e e C*gg & N N M 6 y Ee4 ch I to O e4 ed ed to e4 O W e4 e4 to e O O et e .-.

O O O 9 8a3 e CD O
O* O*

O.*O. O. O. O.*

O O O
C. O.

O ** *e e- w v3
E OLM "

O. O.

* O O O *

O. O. O. O. O,
+ e4- e o c

E, e o.
* *

O.

* * = en ih 2
*

g "g .mE e e4 ~4
- e @W
ZO . * # T m tt

e w O**

% #.,Nm M. M. M.
g = c-r N - . >. .,

1 O

E O O + O-
O O O

O+ O+

O. O.+

O O O O
O+

O,, O,e9 to O e4 e4 N to e4 O 9 es e4 e eA O e4 c
Q. c h
4 a {y9 m O

- + O
+ O +

O. O. O.

O 3 g as

O. O.
+ + + O * O r3 gO

am,e O. O. O. O.
+ O 3 " 'gC *

o tm

ks e c . mm
20 M Q u * g wu* *' > b.9 '** U g ,eO

* W c c 3'
h hg4 C @

c - 5 E no.

",
a et-

e. . u .
be U O

** \ W 9 c ,c CC
e w6N - u C ,4 y

- U e m g wge
U. won Un C e ,,g ,eQ c .it 4 get

~ O C e E

.* c @ e EOA.
-.3

y.

e E @ n -e ee ,
@ EC e 3 rw re E go e "*

e w E o 64 c E re e
M P E d @ h 3 & 3 E t F
O W E 3 -4 4 c 4 e* -e v -e 3 E 3 -

et T 3 -ee E @ 4 3 e C D 9 --e 3 .ce M
4 -e E C C. C 9 I:P O .ar e U >= 9 C 4 u w

.3 m W m he G O 1 c h u e4 C .A C e a3 O E*
A

*3 82
p* O4 4 % A G M y 6 * O * Q q

.v3 4 E Z to N a. > .M **
e

4=3 n In U U U M . r

O -16-
|
|
.



V V V V V U U U U V U

e
.

*

TABLE 4

PISTORATION INFORMATION
WELL 303-6-P 22

(Units: mg/l unless otherwise indicated)

BASELINE VALL;ES RESTORATION A;;D POST RESTORA1 ION 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 1 Number 2 Number 3 Number 4 Baseline Number 1 Number 2 Number 3 Number 4 Number 5 Number 6 NT+er 7 Nutter 8
PARAMETER 09-12-78 10-06-78 10-19-78 10-28-78 Mean 08-05-75 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 8.0 8.0 7.8 7.7

Total Dissolved Solids 1486 1499 1612 1912 1602 2842 1192 1476 1530 1422 1730 1508 1546 ( 1539)
Specific Conductivity

I (micrombos/em) 1850 1900 2100 2125 1994 3850 1725 1775 1775 2250 2 50 1725 2125H
q Ammonia (as N) 0.10 0.20 0.19 2.9 0.85 0.21 0.41 -0.10 - 0.1 0.29 0.28 0.23 0.21
! Nitrate (as N) -0.01 -0.01 -0.01 0.07 0.03 0.04 0.03 0.03 0.03 -0.01 -0.01 -0.01 0.02

N' trite (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

sicarbonate * 61 61 0 0 61 683 293 159 163 149 110 134 122 ( 91)
carbonate 18 36 24 36 28 0 0 0 0 0 0 0 0 ( 0)
Calcium 29 29 39 41 34 112 47 46 43 65 57 56 56 ( 45.4)
Chlorida 36 30 28 30 31 394 68 30 52 48 32 56 36 ( 38)
Boron - 1.0 - 1.0 - 1.0 - 1.0 - 1.0 ( 0.00)
Fluoride 0.70 0.99 0.84 0.81 0.95 ( 0.29)
Magnesium 4 6 4 3 4 40 2 9 12 13 14 12 14 ( 11.6)
Potassium 10 9 10 11 10 19 9 8 8 8 7 10 9 ( 9.5)
Sodium 437 468 490 493 472 841 379 411 508 406 461 458

~

447 ( 430)
Sulfate 80 965 1040 1100 996 394 532 914 944 790 1020 937, 982 ( 987)
Aluminum -0.05 -0.05 -0.05 -0.05 - 0.1 (-0.01)
Arsen'.c -0.01 -0.01 -0.01 -0.01 -0.01 -0.04 -0.01 -0.01 -0.01 (-0.02)

*Mean Baseline value based on Sample Rounds 1 and 2, analytical errer suspected in Rounds 3 and 4.

(continued)
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TABLE 4 (continued)

WELL 303-6-P 22

SASELINE VALUES FESTORATION At4D PCST RESTCRATION VALUES

Sample Sample aample Sample Sample Sarple Sample Sample Sample Sample Sample Sarple
Round Sound Round Pound Round Round Round 'tound Pound Pound Round Found

Number 1 Number 2 Number 3 Numbar 4 Baseline Number 1 Nurber 2 Number 3 Number 4 Hrber 5 Narber 6 Numt.er 7 Number 8
PARAMETER 09-21-78 10-06-78 10-19-78 10-28-70 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 -0.05 -0.05 -0.05 -0.05 l-0.01)

Cadmium -0.002 -0.002 -0.002 -0.002 -0.01 1-0.01)

Chromium -0.01 -0.01 -0.01 -0.01 -0.02 i-0.01)

Copper -0.01 -0.01 -0.01 -0.01 -0.02 1-0.01)
I

Iron 0.02 -0.01 0.10 -0.01 0.04 0.01 0.01 0.01 0.05 0.03 0.05 -0.03 0.03 (-0.01)g
00 Lead -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 (-0.01)
i

Manganese -0.01 -0.01 -0.01 -0.01 -0.01 (-0.01)

Mercury -0.001 -0.001 -0.001 -0.001 -0.001 (-Irgb)

Nickel -0.04 -0.04 -0.04 -0.04 -0.04 (-0.01)

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 (-0.02)

Zine -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 (-0.01)

Molybdenum -0.05 -0.05 -0.05 -0.05 -0.05

Vanadium -0.05 -0.05 -0.05 -0.05 -0.05

Ura nium -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

Padium-226 (pci/1) 23.710.4 8.320.3 21.0t0.4 29.620.3 20.65 182.6t4.4 1.9420.28 5.310.83 11.8to.86 7.6t0.6 5.910.4 21.4:2.6 7.82:3.07
1horium-230 (pCi/1) * 020.5 1.421.1 5.822.2 010.5 3.60 25.527.9 -0.2

NOTES: Mining terminated on July 31, 1979. Restoration started on August 5,1979 and terminated on September 14, 1979.
Blank space indicates analysis of parameter not required.
- means not detected at level indicated.

* Baseline Mean value based on Samples Rounds 2 and 3.
Number in parens represents value (mg/1) that Wyoming DEQ obtained from E commercial lab that analyzed duplicate (split) samples
collected on March 18, 1980.
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TABLE 5

RESTORATION INFCRMATICN
hTLL 303-6-P 31

(Units: mg/1 ess otherwise indleated)

B ASILINE VALUES I RISTORATICH AND POST RESTCRATION VALUES
Sample Semple Sample Sample Sample Sample Sample Sample Suple Sample Su rle Sample

Round Round Round Round Round Round Round Round Round Pourd Round Round
Number . Number 2 Number 3 Number 4 Baseline Norter 1 Nunber 2 t; umber 3 Number 4 Number 5 t: umber 6 Number 7 Number S

PARAMETER 09-12-78 09-26-7G 10-20-78 10-2a-78 Mean 08-05-79 09-05-79 10-05-79 11-05-79 12-07-79 Cl-08-80 02-05-80 03-1R-80
i

FH (pH units) 9.2 8.8 8.8 8.8 8.9 7.6 7.0 7.6 7.4 7.1 7.4 7.2 7.3

Total Dissolved Solids 1428 1336 1402 1606 1443 3282 65 822 1340 1420 14c2 1318 1470 ( 1303)
Specific conductivity

| (micrombos/cm) 1750 1825 1770 1750 1774 4350 115 1115 1700 1850 1675 1750 1825

Ammonia (as N) 0.10 0.15 0.14 1.0 0.55 0.10 -0.01 -0.10 - 0.1 0.53 0.16 0.23 0.18

1 Nitrate (as N) 0.26 -0.01 0.05 0.15 0.14 0.10 0.04 0.03 0.02 0.02 0.04 0.C2 0.01

Nitrite (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 0 0 0 0 ( 0)

Calcium 36 31 31 31 32 112 2 107 195 251 118 96 85 ( 78.4)
Chloride 34 32 34 34 33 590 24 56 84 7a 54 52 48 ( 153

Boron - 1.0 - 1.0 - 1.0 - 1.0 - 1.0 ( 0.17)
riuoride 0.80 0.99 0.89 0.63 0.83 ( 0.28)
Magnesium 3 8 6 4 5 21 0 10 15 16 15 10 12 ( 9.8)

Fota s sium 7 7 8 8 7 20 1 3 3 3 3 9 7 ( 4.11

Sodium 424 406 452 456 434 1146 23 152 238 234 340 348 363 ( 348)

Sulfate 820 810 840 940 852 1067 0 359 675 710 825 719 706 ( 765)

Aluminum -0.05 -0.05 -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.C6)

(continued)
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TABLE 5 (continued)

WELL 303-6-P 31

B ASELI?.E VALtTS PESTORATIort AND POST PI5TOMTIC!J VALLIS
Sample Sample Sample Sarple Sample Sample Sample Sample Sample Sarple Sarple Sarple

Round Round Round Round Found Round Round RSund Found Ecund Round RNnd
Number 1 Number 2 Number 3 Number 4 Saseline Nurber 1 Number 2 Number 3 Number 4 Number 5 Number 6 Number 7 Nuriv t 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 02-05-60 03-18-63

Barium -0.05 -0.05 -0.05 -0.05 -0.C5 (- 0. 01)

Cadmium -0.002 -0.002 -0.002 -0.002 -0.01 (-0.01)

Chromium -0.01 -0.01 -0.01 -0.01 -0.02 (-0.01)

Copper -0.01 -0.01 -0.01 -0.01 -0.02 (-0.01)

C3 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 (-0.01)
i

Lead -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 (-0.01)

Manganese -0.01 -0.01 -0.01 0.15 0.13 (-0.01)
Mercury -0.001 -0.001 -0.001 ; -0.001 -0.001 (-1prid

Nickel *0.04 -0.04 -0.04 | -0.04 -0.04 (-0.01)

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 (-0.02)

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 ( 0.84)

Molybdenum -0.05 -0.05 -0.05 -0.05 -0.05

vanadium -0.05 -0.05 -0.05 -0.05 -0.05

Uranium -0.001 0.005 0.011 -0.001 0.005 1.45 0.011 0.500 0.590 0.755 0.315 2.05 2.75

Ra,lium-226 (pCi/1) 419.3!0.4 33510.3 296to.3 29120.3 335.3 834.419.1 5.0510.53 364t4 456t21 112117.0 410.1110.3 340111.2 276.8*8.52

Thorium-230 (pCi/1) 6.712.3 10.0!4.6 4.011.5 0.5t0.7 5.30 2.2622.3 -0.2

Nt7tES : Mining terminated on July 31, 1979. Restoration started on August 5,1979 and terminated on September 14, 1979.
Blank space indicates analysis of parameter not required.

- means not detected at level indicated.

Number in parens represents value (mg/1) that Wyoming DE2 obtained from a commercial lab that analyzed duplicate (split) samples
collected on March 18, 1980.
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individual wells including baseline and restoration data are pre-

D sented in Appendix 2.
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5. DISCUSSION OF RESTORATION RESULTS
t

y 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
t

circulating R. O. unit treated water (approximately neutral pH)
!

} through the mined aquifer.

It appears from the restoration data that tha above mentioned

reduction in pH has affected the carbonate / bicarbonate ratio as

) dictated by the graph presented in Figure 5 which shows the impact
1

of pH on different species of carbonate chemistry. A re-alignment

of the concentrations of the various anion and cations has also

D taken place as a result of the introduction of the high purity

R. O. 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

3 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

h) concentrations for bicarbonate, calcium, and magnesium of 500 mg/1,

! 1,000 mg/1, and 500 mg/1, respectively. The pertinent portion of

f
OGLE PImtOL2VM D8C

O -22-
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Figure 5

)
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Impact of pH on Different Species of Carbonate Chemistry.

O

SOURCE: Incorporating Reverse Osmosis Technology,g
Bulletin 605, Distributed by

Trace Metal Data Institute
8616 Lakehurst
El Paso, Texas 79912
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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.

D

:

)

b 1

1

I

)
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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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Baseline Water Quality Bison Basin, Wyoming |

(Figures in mg/l except as noted)

S IIole Number: OP 140 TC OP 141 TC OP 135 OP 136
Date sampled: 6-1-77 6-7-77 6-16-77 6-2-77 6-1-77
liour sampled: 1130 hr 1700 hr 1421 hr 1600 hr 1400 hr 1845 hr

pH (8.92)I 8.80 8.23 8.09
Temp. Deg. C 12.5 12.0 11.6

O Eh mV (400)I~ 184 92 92 -
2Sp. Conductance 2300 1850 2450 2400

Total Disg. Sol. 1370 1330 1790 1780 1380 1390

lia rdness 98.9 101.1 194.8 193.9 101.8 96.8
A1 -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
J 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
Cd -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

O 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
lig -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 7.7 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 440 445 495 487 452 455
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 0.77 0.82 1.27 1.27 0.74 0.72
4

U 0.01 0.02 0.04 0.04 -0.01 -0.01
38

V -0.1 -0.1 -0.1 -0.1 -0.1 -0.1

Zn -0.01 -0.01 0.02 0.01 -0.01 -0.01,

Bicarbonate (90)I# 110 180 190
Carbonate (20)I 20 -10 -10

Sulfate 825 725 1100 1090 825 725
5Ammonia 0.4 0.1 -0.1 0.2
6

Nitrate 02 -0.2 -0.2 -0.2 -0.2 -0.2

1 Values in () were taken several days after sample collection, and are less'

reliabic than the other reported values.
2 Specific conductance in micromhos/cm at 25 degress C.
3 liardness in mg/1, expressed as equivalent CaC 3*
4 Total uranium, expressed as equivalent U 0 .33

7 5 Total ammonia, expressed as N equivalent.
# 6 Total nitrate, expressed as N equivalent.

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

OCLE PETFOI.JUM Di~.
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I STATISTICAL SUMMARY
III

| MONITOR WELLS BASELINE WATER QUALITY
| (For 5 monitor wells completed in *D' sand)

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

Number of Concentration Concentration Concentration
- Data Points Range Mean (2) Standard

(N) Deviation (# n-1)

ph (pH units) 20 8.5-10.7 9.40 0.64

f Total Dissolved Solids 20 1270-1554 1375.4 63.04

| Specific Conductivity
! (micrombos/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 2.33
(-) ( 2) 0. 01-7. 0 0 0.56 1.71| Nitrate (as N) 20

Nitrite (as N) 20 All data below detection limit of 0.01;

| Armenic 10 All data below detection limit of 0.01

! sarium 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

f Calcium 20 10-34 22.45 0.20

f Cirbonate 20 12-48 30,90 9.73

j Chloride 20 28-70 38.42 10.62

|
Chromium 10 All d4ta below detection limit of 0.01

| Copper 10 All data below detection limit of 0.01

riuoride 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
Molybdenum 10 All data below detection limit of 0.05

I 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 20 590-950 807.50 70.25

] ,
Uranium 20 (-10.001-0.016 - -

- vanadium 10 All data below detection limit of 0.05
Eine 20 All data below detection limit of 0.01

.

|
Radium-226 (pci/1) 20 0.74-165.4 24.23 43.49*

Thorium-230 (pci/1) 20 0.00-23.9 8.25 16.31

(1) Tabulated statistical values based upon data obtained from the sa:npling of 5 monitor,
d wells completed in the "D" sand for the Demonstration Test project (well Nos. 303-6-M1,

30 3- 6- M2 3 0 3- 6- M4, 303-6-Mi 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, 1975

,
thru 0:tober, 1978.

|

III
| (-) means not detected at level indicated.

O
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STATISTICAL SUMMARY
III

'

TEST ARIA BASELINE WATER QUALITY
(For 5 wells completed in orebody aquifer (*D* sand) and
which will undergo restoration in Demonstration Project)

(All values in ag/l unless otherwise indicated)

Number of . Concentration concentration Concentration
Data Points Range Mean (R) 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
i specific conductivity

(micrombos/cm at 25'Cl 20 1740-2125 1853 134.8
Aluminum 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 0.01

Arsenic 10 All data below detection limit of 0.01

Barium 10 All data below detection limit of 0.05

Bicarbonate 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 20 78-52 34.2 5.3

(3romium 10 All data below detection limit of 0.01

Copper 10 All data below detection limit of 0.01

riuoride 10 0.7-1.2 0.98 0.17}
Iron (total) 20 0.01-0.13 0.025 0.032

Lead 20 All data below detection limit of 0.05

Magnesium 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
Selenium 20 All data below detection limit of 0.01

( Sodium 20 320-493 443 37.9

| Sulfate 20 770-1100 901 88

j Uranium 20 0.001-0.011 0.0018 0.0024

Vanadium 10 All data below detection limit of 0.05

Einc 20 All data below detection limit of 0.01

Radium-226 (pci/1) 20 2.2-419.3 76.63 134.96
Thorium-230 (pci/1) 20 0-14.6 3.68 3.97

II Tabulated statistical values based upon data obtained fro:a the sacpling of five
restoration sampling wells in the Demonstration Test area (well Nos. 303-6-7C,
303-6-P16, 303-6-F19, 303-6-P22C and 303-6-P31C) . These five wells were completed
in the ore zone. The period of time during which the data were collected was

|
,

August, 1978 thru Cctober, 1978.
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CHEMICAL & GEOLOGICAL LADORATORIES*
.

*

P. O. D:x 2794
.

Casper, Wyoming

ANALYTICAL REPORT

Trom OPI-Wes t ern. . Join t ..Vgn t.urg.. .. Product . Water..
Addeess Casper, Wyoming.. . Date . September SS 1978

Other Pertinent Data
.

..
.

Analyzed by . . Staff. Date-. September 30, 1978
) . . Leb No.. 28612-2

= = = = - - ,= - -_ __ _ _ _ _ _. - __ - _ _ = = - - = = = = = _ = - - - - - . -

_
--

WATER ANALYSIS

Bison Basin, Wyoming
D 303-6-P-7 Interval "D"

Sampic taken aaptember 3, 1978

mg/l mgQ

p
utal dissolved solids (calculated) ---- 1362 Baron (B) -- -- -- -- ---- -- ---- --- - --- - N D (1. 0)
stal dissolved solids (observed) ------ 13 5 8 Barium (Ba ) -- -- - -- ---- -- -- ---- - - -- ND ( 0. 0 5)
s ta l s uspended s olids ----------------- 4. 7 Cadmium (Cd) -- - - -- - ~~ ---- -- - - -- --~ ~ ND ( 0. 002) \
nductivity, micromhos @ 68*F. -- ------ 17 70 Chromium (Cr) - - - - - - -- -- - - -- -- --- - - - N D ( 0 . 01 )

?tal alkalinity as CACO - - - - - - - - - - - - - - 1 21 Copper (Cu) -- - - - - -- -- -- - - - - - - - - - - - - N D ( 0 . 01 )
3>al hardness as CACO ----------------87 Fluoride (F) ----------------------1.05

Jdium (Na) (ca lcula teb) - - - - - - - - - - -- - - 41 6 Iron (F ) ( t o ta l) ------~ ~ ~--------- 0 029
:dium (Na) (observed) - - - - - - - - - - - - ~ ~ - - 41 4 Lead (Pb) - - --- - - -- - - - - -- -- -- -- -- - ND ( 0 . 0 5 )
>tassium (K) ------------------------8 Hanganese (Mn) --------------- ---- EWl0'01)

Hercurg (Hg) ------~~-----~~~------ Im(0.001)elcium (Ca) ------------------------28

mnesium (Hg) ----------------~~~---~~~ A Nickel (NL ) ----------------------- tm (0. 0 4)
Roride (C1) ------~~----------~~----- 34 Nitrate (as N) -------------~~----- EMIO 01)
;][ ate (So ) --------------.-----------800 Nitrite (as N) - - -- -- - - - - -- - -- - - - - ~ ~ ~ ND ( 0 . 01 )
Irbonate (bO ) -----------~~- ------- 24 Selenium (Sc) -- - - - - - - - - - - - - -- - - - - - ND ( 0 . 01 )
carbonate (bCO) ----------------~~-98 Zinc (Zn) -- - - - - -- - - - - ~ ~ -- -- - -- -- ND ( 0 . 01 )

NDIO~05)f, units ------ -----------~~--------- 9 2 Molybdenum (Mo) --------------------

..minum (A1) - - - - - - - - - - - - - - -- - - - ~ ~ -- ND ( 0 . 0 5) ND (0. 05)Vanadium (V O

Ura ni um (U]b$)-------------------- I* IO * 001)
-- -- ------~~------

onia (N) ---------------------------0.25
8

senic (As) - - - -- - - - - - - - - - - - - - - - - - -. _ _ _ _ _ N D ( 0 . 01 )

d i um - 2 2 6 , IC i /1 - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - ~ ~ - -- - -- ~ ~ ~ -- ~ ~ - ~ ~ ~ ~ ~ -- - l ' 12 0 * ]
, o r i u m - 2 3 0, 3C i /1 - - - - -- - - -- - - - - - - - - -- - - - - -- -- - - - - -- -- - - -- -- -- - - - - - -- -- - --- -- - ~ ~ ~ ~ ~ 2 ' 0 ' 1 * I

D
'

' - No t de t ect ed a t level given in parentheses. Radiochemical by Core bab. , Albuquerque, NH.

Ove tes ts were made in accordance with Standard Methods, 14th Edition,1975, ASTH, WOO and

C methods.
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CHdMICAL & GEOLOGICAL L.ABORATORIES) .
-

*

P. C. B:x 2794
.

Casper, Wyoming

ANALYTICAL REPORT

} From OPI-Wes t ern .. Joint ..'.fgn t yrg.. .. product _ _ Water.,
.

Casper. Wyoming., ..Oate _ September 13a._1_978.Address a

Other Pertinent Data

.

Analyicd by ..Sta[E 9, , , _ _ September 30, 1978 g yo, 28749-1

WATER A?;ALYSIS
.

Bison Basin, Wyoming
D 303-G-P-16 Interval "D"

Sampic taken September 13, 1978

mg/l mg/l

J
eal dissolved solids (calculated) ---- 1429 Baron (B) - - -- - - -- -- - - -- - - - - - - - - - - - N D ( 1 . 0)
tal dissolved solids (observed) ------ 14 5 8 Barium (Ba) - - -- - -- - - - -- - - - - - - - - - - ND ( 0 . 0 5 )
ea i s usj>cnded solids ----------------- 3. 8 Cadmium (Cd) -- - - - - - -- - - -- - - - - - -- - - - ND ( 0 . 0 0 2 )
1ductivity, micrombos @ 68"F. -------- 17 4 0 Chromium (Cr) -----~ ~ ------- ------ -- ND (0. 01 )
tal alkalinity as CACO -- -- - - - - - - - -- 141 Copper (Cu) -- -- -- -- ---- - - - ~ ~ ~ - - - - - - ND ( 0 . 01 )

3911 hardness as CACO ----------------97 Fluoride (F) - - - - -- ~ ~ - - -- -- - - - - - - - - 0 8 0
Glum (Na) (calcula teb) --------------436 Iron (Fe) (t o t a l) -- ---- ---------- 0 02
Sium (Na) (obse r ved) ----- ----------- 42 9 Lead (Pb) - - - - - -- -- - - -- - --- -- - -- - - ND ( 0 . 0 5)
hassium (K) ----------------------7 Hanjanese (Mn) - - - - -- - -- - - - -- --- - - - ND ( 0 . 01 )
ilcium (Ca) --------------------------32 ;iercury (Hg) -- - - -- -- -- -- ---- -- -- - - ND ( 0 . 0 01 )
inesin.m (Hg) ----------------------4 Nickel (Ni) - - - - - -- - -- -- --- - - --- - - ND (0 . 0 4)
Qcide (c1) - ----------------------- 36 Nitrate (as N) -------------------0.16

)(.s t e (SO ) ----------------------830 Nitrite (as H) - - - -- - - - - - - - - -- - - - - ND ( 0 . 01 )
Ybanate (b0) --------------------36 Scionium (Sc) -- - - - -- - - -- - -- - - - -- -- ND (0 . 01 )
barbonata (bCO --------------------98 Zinc (Zn) -- -- - - - -- - - -- - - -- -- - --- - ND ( 0 . 01 )

units ----- 3)----------------------93 Molybdenum (Mo) - ----------------- ND (0. 0 5)
qinum (A1) - - - - - - - - - - - - - - - - - - -- -- ND (0 . 0 5 ) Vanadium (V O - -- -- -- - - - - - - - - - - ND ( 0 . 0 5)

Urani um (U b h)------------------ - NU l0 001)Vonia (N) --------------------------0.12

cnic (As) - - - - - - - - - - - - - - - - - - - - - - ND ( 0 . 01 ) 38

11 u m - 2 2 6 , JCi /1 -- - - - - - - - - - - - - - - - - -- -- - - - - - - - - - - - - -- - - --- - - -- - -- - -- - - -- -- -- - - - - 10 , 5 ! O . 4
prium-230,JCi/1----------------------------------------------------------------1.421.2

l
= Not detected at level given in parentheses. Radiochemical by Core Lab. , Albuquerque, NM.

1vo tests were made in accordance with Standard Methods, lith Edition,1975, ASTM, HQO and
methods.
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g - CHEMICAL & GEOLOGICAL LABORATORIES
,

P. O. C x 2794
-

Ce per, Wyoming

AN ALYTICAL REPORT

p Frorn OPI-Wes.tctn . 70ipt..Vgntugg.. .. Product . _ Water...

Casper .. Wyoming..
. ._pate.. September S,_1978 ,Address o

Oth r Pertinent Data

. . . . , . .

30_ 1978 tay yo, 28612-3Analyzed by . Staff. . . . . Oase__ Seppember f

D ___ _ _ _ _ __

WATER ANALYSIS

Bison Basin, Wyoming
303-6-P-19 Interval "D"

Sampic taken September 3, 1978

mg/l mg/l

tal dissolved solids (calcula ted) ---- 1395 Boron (B) - - - - - - - - - - - - ~ ~ - - - - - - - - - - - N D (1 . 0 )
otal dissolved solids (observed) ------ 134 8 Barium (Ba) -- -- - - -- -- -- - - - -- - - - - - - ND ( 0 . 0 5)
o ta l s uspended solids -------------- -- 6. 5 Cadmium (Cd) - - - - -- - -- - - - --- - ---- - ND ( 0. 0 0 2)
anduct ivi t y, micromhos O 68*F. ---- -- 2050 Chromi um (Cr) - - - --- -- -- - -- -- --- - - - N D ( 0 . 01 )
otal alkalinity as CACO --------------111 Copper (Cu) -- -- --- -- -- - - - -- - - - - - - ND ( 0 . 01 )

3
gal hardness as CACO ---------------123 Fluoride (F) ' 1.09

adium (Na) (calculateb) - - - - - - - - - - -- - - 41 2 Iron (Fe) (total) ------------- ---- 0.02
odium (Na) (observed) - - - - - - - - - - - - - -- 4 41 Lead (Pb) - - -- - - -- -- ---- -- -- - - - - ND ( 0 . 0 5 )
otassium (K) -----------------------14 Manganese (Mn) - - - -- - --- - - -- - - - - ND ( 0 . 01 )
alcium (Ca) --------------------------49 ncrcury (Hg) -- - -- - - -- ---- -- --- - - ~ ~ ND ( 0 . 0 01 )
ayncsium (Hg) ---------------------- -- 0 Nickel (Ni) - - - -- -- -- --- -- - ----- - ND ( 0 . 0 4)
W aride (C1) ------------------------52 Nitrate (as N) -------------------0.16

ul fa te (SO ) -------------------------820 Nitrite (as N) - -- - - -- -- --- --- -- - N D ( 0 . 01 )
arbonate (LO ) -----------------------24 Sc1cnium (Sc) - - - --- -- - - - --- -- - - ND ( 0 . 01 )
icarbonate (bCO ) -------- --------- -- 0 Zinc (Zn) - - - - -- -- -- -- - - - -- -- -- - - ND ( 0 . 01 )
H, u n i t s - - - - - - - - - - ---- -- - - - - --- - - - - --- 11. 3 Holybacnum (Ho) -- -- -- --- ---- ------ - ND ( 0. 0 5)
luminum (A1) - - - - - - - - - - - - - - - - - - - - -- -- ND ( 0 . 0 5) Va na di um (V O ) -- ------ - ------ - ND (0. 05)

(U 'Ot$)h --- --- -- ---------- -- 0. 0 04
bWonia (N) -------------------------0.25 Urani um

( --------- ----~~-~~ 24rsenic (As) -- ---- ------- ------- -- ND (0. 01) 1:g droxide

n d i u m - 2 2 6 , ici /1 -- - - - - - - - - - - - - - - - - - - ---- - - - -- - - - - -- - - - -- -- -- - -- -- - --- -- - -- - - 18 . 0 2 0 . 3
o r i u m - 2 3 0, pCi /1 -- - - -- - - -- -- -- -- -- - - - - - - -- -- - -- -- - - -- -- - - -- - - -- -- - - -- -- --- - -- - O ! 0 . 5

$= Not detected at level given in parentheses. Radiochemical by Core Lab. , A1. Jguerque, NM.

bove tests were made in accordance with Standard Methods,14th Edition,1975, ASTM, WOO and
CC methods.

REMARKS: Hydroxide present.m

iEH1 CAL & GEOID 3ICAL IABORATORIES
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CHEMICAL & GEOLOGICAL LABORATORIES) .

-

'

P. C. B:x 2794
.

Casper, Wyoming

ANALYTICAL REPORT

) ruom QPI .W_es tern..Jointl..Vgnt.yg.. .. Product.. . Wa ter...... , ,

. Casper ..Wyo. ming.., . page_. Sq,ptember 13,g_ _19{8 , , , ,Address 1 , , , , , , , , ,

Other Pertinent Data . . . . .. . ..

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

.

28749-2Ancfyzed by.. . Staff Date.. Sepgenber 30, 1978 . Lab No... .

_

WATER ANALYSIS

Bison Basin, Wyoming

h 303-6-P-22 Interval "D"

Sample taken September 13, 1978

.

5!1 *9|I.

b
ptal dissolved solids (calculated) ---- 1441 Baron (B ) -- -- -- -- -- ---- - - - - ---- - d- ND (1. 0)'

ptal dissolved solids (observed) ----~~ 1486 Barium (Ba) - --- -- -- -- -- ------ -- -- -- ND ( 0 . 0 5)
> t a l s uspended solids ---------------- 312 Cadmium (Cd) - - - -- - -- -- ------- ---- ND (0 . 0 02)
jnductivity, micrombos @ 68*F. ------- 1850 Chromium (Cr) -- -- ---- -- ~ ~ - - -- - --- -- ND ( 0 . 01 )
otal alkalinit.y as CACO - - - -- - - - - --- 8 0 Copper (Cu) -- ---- -- -- ---- --- ----- ND ( 0 . 01 )

3
al hardness as CACO - - - - - - - - - - - - - - Fluoride (F) --------------------0.70

(calcula t eb) -------------- 89434 Iron (Fe) ( to ta l) -------------- ---- 0. 02>dium (Na)
pdium (Na) (obser ved) -------- -------- 43 7 Lead (Pb) - --- - - .-- - - -- -- ---- -- - --- ND ( 0 . 0 5)
htassium (K) -~~--------------------10 Manganese (Mn) - --- ---- ------ - -- -- - ND ( 0 . 01 )
plcium (Ca) -----------------------29 Hercury (Hg) -- -- -- -- -- - - ---- -- - ND ( 0 . 0 01 )
Nnesium (Hg) -------------~~~---------4 Nickel (Ni) -- - ----- ---- -- ---- -- --- -- ND (0 . 0 4)
oride (C1) --------------------------36 Nitrate (as N) ---- -- -- ----- - -- -- --- ND ( 0 . 01 )

hlfa te (SO ) ~~~~------------------880 Nitrite (a s N) -----~ ~------------- ND (0. 01)
hrbonate (O) --------------~~-----18 Selenium (Sc) - -- - ---- - ------ --- - ND (0 . 01 ) ,

carbonate (bCO Z i nc (Z n) -- - --- ------------------ ND (0. 01)$ , . un i t s ----- 3) ---------------- 61-----~~------------9.5 Mol ybden um (Mo) ---------------- ND (0. OS)
Vanadium (V G - - ------------- - ND (0 . 0 5)%minum (A1) ------ -~ ~ --- - ~ ~ --- ND (0 . 0 5)
Ura ni um (U b h)---------------~~~~~ ND l0 001)honia (N) ----- ---------------0.10

3g
hsenic (As) - - -- -- - - - -- - --- - - -- ND ( 0 . 01 )

| di um - 2 2 6 , PCi /1 - ~ ~ ~ -- - - - - - - --- - -- ~ ~ - ~ ~ -- ---- - - -- - -- -- -- - -- ----- - - 2 3 . 7 2 0. 4
po ri um - 2 3 0, PCi /1 - ----- - - -- -- - - - -- - ~ ~ ~- -- - - -- ---- - -- - ------ ---- -- - 02 0. 5 -

; = Not detected at level given in parentheses. Radiochemical by Core Lab. , Albuquerque, NM.

Qve tests were made in accordance with Standard Methods,14th u: ?on,1975, ASTM, WOO and
VC' methods.

I

D .

'EMICAL & GEOEDGICAL LABORATORIES
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.
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CHEMICAL & GEOLOGICAL LABORATORIES,

*

B P. O. Bxx 2794*

*

Casper, Wyoming

ANALYTICAL REPOR r

From _ QPI-Western . Joint...Vgnt.W9.. .. Product.. . . a t.cr... .W

Ca sper ,. Wyoming., . Date.. Septgmber ]3s...] M ..Addrcss a

Other Pertinent Data . .

.

Analyzed by . Staff. Date.. September 30a. 1978.. . teb No. _28749-3

3 . _ _ _ _ _ _ _ _ _ _ _ _
-

WATER ANALYSIS

Bison Basin, Wyoming
303-6-P-31 Interval "D"y

Sample taken Septembur 13, 1978

m7/1 mg/l

Stal dissolved solids (calculated) ---- 14 06 Baron (B) -- ------------ -------- --- - ND (1. 0)
fotal dissolved solids (observed) -~~~~~ 1428 Bari um (Ba) ---- - -- -- -- --- - ---- - - -- ND ( 0 . 0 5)
'o tal s uspended s olids ----------------- 2. 9 Cadmium (Cd) - - - - --- -- -- - ---- - - - - - ND ( 0 . 0 0 2)
Tonductivi t y, micrombos 0 68"F. -------- 1750 Chromium (Cr) -- ---- -- -- ---- -- ------ UD ( 0 . 01 )
'otal alkalinity as CACO - - - - - - --- - --- .{ 3 6 Copper (Cu) -- -- -- -- -- -- --- - -- --- --- N D ( 0 . 01 )

3---------------103 Fluoride (F) -----------------------0.80

flalhardnessasCaCO(ca lcu la teb) --------------- 425odium (Na) Iron (Fe) ( t o t a l) ------------- ---- 0. 02
? odium (Na) (observed) -----------------424 Lead (Pb) - - - -- -- -- -- -- -- - - - - -- - - - - - N D ( 0 . 0 5 )
'otassium (K) -------------------------7 Manganese (Mn) - - - -- - -- - -- - - --- - --- ND ( 0 . 01 ) .
'alcium (Ca) ---------------------------36 Mercury (Hg) - - -- -- - - - - -- -- - - -- - -- - ND ( 0 . 0 01 ) \
Tagnesium (Hg) ------------------------3 Nickel (Ni) - - - - - ~ ~ ~ -- - -- -- - - --- - - - ND ( 0 . 0 4 )
gloride (C1) --------------------------34 Ni t ra t e (a s N) -------------------- 0. 26

Tulfate (50 ) ------------------------820 Nitrito (a s N) ---~ ~ --- -- ---------- ND (0. 01 )
'arbonate (b0 ) -----------------------30 Sc1cniuIa (Sc) -- - ---- -- -------- - - - ND (0 . 01 )
ticarbonate (bCO 104 Zinc (Zn) -- --- -- -- -- - - -- -- ---- - - N D ( 0 . 01 )

un i t s -- -- - 3) --- - -------- ---- -- - 9 2 Molybdenum (Mo) - - -- - - -- --- - --- - - ND ( 0 . 0 5):H, ------------------ -----

luminum (A1) - - - -- - - - - -- - - - - -- - --- - -- N D (0 . 0 5) Va na di um (V O ) ------- ---------- ND (0. 05)

Ononia (N) --------------------------0.10 Uranium (U b $ -------------------- "DIO*001)38
rsenic (A s) - - - - - - - - - - - - - - - - - - - - -- - ND ( 0 . 01 )

e di um - 2 2 6 , ; ci fi - - - - - - - - -- - - - - - - - - - - - - - - - - - - - -- - - - -- - - -- -- - - -- - - - - - - - - -- - -- -- - - - - 419 . 3 s O , 4
'horium-230, JCi/1---------------------------------------------------------------6.722.3

= Not detected at level given in parentheses. Radiochemical by Core IAb., Albuquerque < NM.

bove tests were made in accordance with Standard Methods, 14th Edition,1975, ASTM, WOO and

EC methods.

OnCHICAL & Gi;OLOGICAL LABORATORIES
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) CHEMICAL & G EOLOGICAL LABORATORIES
*

,

P. O. Box 2794.

Casper, Wyoming

ANALYTICAL REPORT

b Frorn QPI-Wes t ern .. Join t . Vgp.t.urg.. ,, product.. Wa t.er..
Addtess Casper .. Wyo. ming..

. . ..oaye.. .. Sept.gmbe.r. 30.a..1.978a

Other Pertinent Data

. . . .

) Analyzed by . Staff. Dete.. . .qc t ob er.. 30,.19.78. . teb No. 28938-1

WATER ANALYSIS

) Bison Basin, Wyoming
303-6-P7

Sample taken September 28, 1978

rjg/l mg/l

D
notal dissolved solids (calcula ted) ---- 1631 Baron (B) ------------------------ND(1.0)
Total dissolved solids (observed) ------ 1612 Ba rium (Ba) - - -- -- - -- -- - ~ ~ - - - - - - - - ND ( 0 . 0 5)
Votal suspended solids --- ------------- 1~9 Cadmium (Cd) -- - - -- - ---- -- ---- --- -- ND ( 0 . 0 0 2)
fonductivity, micrombos @ 68*F. -------- 1785 Chromi um (Cr) -- -- -- -- -- - - -- - - - - - - N D ( 0 . 01 )
Total alkalinity as CACO 130 Copper (Cu) - - -- -- -- - - - - - - - - -- - - - - ND (0 . 01 )-~~-----------

Stal hardness as CACO 50 Fluoride (F) ------ ---------------- 1.20- -------------

todium (Na) (ca lcula teb) --------------- 517 Iron (Fe) (total) - - - - -- - - - - -- - - -- - ND ( 0 . 01 )
? odium (Na) (observed) 480 Lead (Pb) - - - - - - - -- - - -- - --- -- - - -- - ND ( 0 . 0 5)-----------~~~---

fotassium (K) 13 Manganese (Mn) --------------- ----- ND(0.01)------------ ----------- -

Malcium (Ca) 12 Mercury (Hg) ----------------------- ND(0.001)---- ----------------------

ancsium (Mg) 4 Nickel (Ni) ---------------------ND(0.04)----------- -------------

32 Nitrate (as N)m ocide (C1) 0.03-- ---------------------- ~~-------~~----------

Eull'a t e (SO ) 975 Nitrite (as N) ---- ----- -- ------- ND (0. 01)--- ----------------------

Parbonato (bO ) 36 Selenium (Sc) ND(0.01)---------- ----------- - ----------- ----------

Nicarbonate (kCO 85 Zinc (Zn) --- ----- ---------------- ND(0.01)
units ----- 3)-------- ------------- 95 Molybdenum (Mo)

---------------------

$H, ND (0. 05)--------- ----------

ND (0. 05)Va nadi um[uminum (A1) ND l0. 05)
(Ubf)-------------------

(V O------------- --- ------.- --- ----- --- ------

0.07 Uraniummmonia (N) ND(0.001)---- --------- -------------

ND (0. 01) 38,rsenic (As) --------------------- -----

adium-226, pCi/1 --------- ----------------- ---------------------------------~~----- 10'II0*3
:horium-230, pCi/1 --------------------------------------~~--------------------------- 14.6!5.0

)
D = No t de t ect ed a t 1cyc1 given in parentheses. Radiochemical by Core L3b. , Albuquerque, NM.

& Ecology audits, Inc., Dallas, TX.

have tests were made in accordance with Standard Methods _,14th Edition,1975, ASTH, W2O and
HC methods.

O
ofEHICAL & GEOILGICAL LADGRATGRIES
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) ,' CHEMICAL & GEOLOGICAL LABORATORIES
*

- P. O. Box 2794

Casper, Wyoming

AN ALYTICAL REPORT

) OPI--Nes tern Joint..ygp.t.pr#.. ..P r oduct.. . .Na t[er..rrern
l978__ .Address _ Casper ... Wyoming.. ..Dete.. Sep.tgmber.30to

Other Perlinent Data .

.

) Analyzed by.. . Staff os,e 0c_tober 30,_ 19 8_ tes No.28938-2
_

.

WATER ANALYSIS

Bison Basin, Wyoming
} 303-6-P16

Sample taken Septonber 28, 1978 .e,

mg1 ingf_1,

) 1661 Baron (B) ----------------------- -- ND(1.0)focal dissolved solids (calculated) ----

1620 Ba rium (Ba) ND (0. 05)Votal dissolved solids (observed) ------ ----------~~------- ----

ND(0.002)26 Cadmium (Cd)Votal suspended solids -------- --- --- --------------- -- ----

1850 Chromium (Cr) ND(0.01)fonductivity, micrombos @ GB*F. ------- ----------------------

130 Copper (Cu) -- -- - - -- -- - - -- - -- -- - - - ND ( 0 . 01 )kotal alkalinity .is CACO --- ------ ---

3 87 ' Fluoride (F) 1.20ybtal hardncss as CACO --------------------- -----------------

Todium (Na) (calculateb) ND(0.01)511 Iron (Fe) (total) ---- --.----- -------------------

ND (0. 05)485 Lcad (Pb) -- ------------------ ----$ odium (Na) (observed) ---------- ----

ND(0.01)11 Hangancsc (Hn) - - - - - - - - - - - - - - - - - -

fotassium (K) - --- - ---------- -----~~

ND(0.001)25 Hercury (Hg)falcium (Ca)
--------~ -------------- - - - - - - - - - - - - - - - - - - - - - -

ND(0.04)6 Nickc1 (N1) - -------- ----- ----- -
ggncsium (Mg) - - - - - - - - - - - - - - - - - - - - -'

0.3930 Nitrate (as N) --- --------------- -Chloride (C1) ---------------- -------

ND (0. 01)2000 Nitrite (as N)halfa te (SO )
- - - - - - - - - - - - - - - - - -- ------- ----------------

farbonate (bO ) ND(0.01)--------------------36 Scienium (Sc) - - - - - - - - - - - - - - - - - - - -

picarbonate (kCO) ND(0.01)85 Zinc (Zn) - - ~ - - - - - - - - - - - - - - - - ----- ----------- --

3 ND(0.05)
yH, units ----~~ -------------- - --- 9.2 Molybdenum (Ho) --- - ----- -~-- -

ND (0. 05)

(U b )- - - - ---------- --
ND (0. 05)Va na di um (V O - ~--------- - -- -

']uminum (A1) - - - - - - ~ ~ - - - - - - - - - -

ND(0.001D-- --- -- ------------~~ 0.10 UraniumMvuonia (N) 38;

ND (0. 01)9tsenic (As) - - - - - - - - - - - - - - - - - - - - - - - -

h a d i u m - 2 2 6 , pC i /1 - ~ ~ - - - - - - - - - - - - - - - - - - - - -- - - - - -- -- -- - - - - - - - ~ ~ - - - - 7 . 0 ! O . 3

Vhorium-230,JC i /l - - - - - - - - - - - - - - - - - - - - - - - - - - ~ - - - - - - - - - --- - - - - - ~ ~ ~ ~ -- 6 . 6 2 2 . 9

D
MD = Not detected at level given in parentheses. Radiochemical Ly Cora Lab., Albuquerque, NM.

& Ecology Audit s , Inc. , Dallas, TX.
Sbove tests were made in accordance with Standard Methods,14th Edition,1975, ASTH, h20 and
REC methods.
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CHEMICAL & GEOLOGICAL LABORATORIES-

D
,

.
P. O. Box 2794

Campor, Wyoming

ANALYTICAL REPORT

> From OPI- Wcs. t c tn. . .Joi n.t. . ygn.t.g r9. .
. .. Product.. . Water..

.
.

.Caspcr ... Wyoming., . Oate.. .. Sapt ember.. 30, ..197 B.. .Addtm a

Other Perlinent Data . .

. . ..

Analyzed by.. . Staff.. Date.. ..@t@er 30.r...,W7.8.. Lab No. 28938 -3
p

WATER ANALYSIS
.

. Bison Basin, Wyomingp
303-6-P19

Sampic taken September 28, 1978

US U|1

e
1603 Baron (B) -------------------------ND(1.0)Total dissolved solids (cal cula ted) ----

1560 Barium (Ba) - - - - - -- -- - - - - - - - - - - - - ND ( 0 . 0 5 )Total dissolved solids (observed) ------

Total suspended solids -------- -------- 34 Cadmium (Cd) - ------------------ - ND(0.002)
1750 Chromi um (Cr) - - - - -- -- - - - - - - - - - - - - - ND ( 0 . 01 )Conductivity, micrombos @ 68*F. --------

131 Copper (Cu) - - - - -- -- - - - - - - - - - - - - - - - ND ( 0 . 01 )__otal alkalinity as CACO --------- ---

-------------------1.05% tal hardness as CACO 155 Fluorida (F)---------------

3 odium (Na) (calculateb) 465 Iron (Fe) (total) -- - - - - .- - - - - - - - ND ( 0 . 01 )- -------------

442 Lcad (Pb) ---------------------ND(0.05)Sodium (Na) (observed) -- -------- -----

16 1:anganese (Mn) ------- ------------ ND(0.01)Potassium (K) -------------------------

- -- -- - ---- -- -- - ~ ~ ~ ~ ~ ND ( 0 . 0 01 )62 Mercury (Hg)Calcium (Ca) - --------------------- ---

0 Nickel (Hi) - - - -- -- - - -- - -- - - - - - - - ND ( 0 . 0 4).agnesium (Mg) ---- ------ -------------

-------------~~----- 0*]l40 Nitrate (as N)chloride (C1) --------------------------

960 Nitrite. (as N) - - - - - - - -- - - -- - - - - - ND ( 0 . 01 )Sulfa t e (50 ) ~~~-----------------------

----------- ------- - ND(0.01)Carbonnte (bO ) 36 Selenium (Se)---------- -------------

--- ----- -- ----.------- ND(0.01)Bicarbonate (bCO. 0 Zinc (Zn)
units ---- b-)-------- -------------

-------- -------- ---

Molybdenum (Mo) --- --------~~~~~~ UUIO*05)11.4pH,
- --- - -- -- ---- -- --- ND ( 0 . 0 5)UDIO * 05) Va nadium

(u b 5) -- ---- -*- --------- ND (O . 0 01)
(V Oguminum (A1) -------------------------

0 10 uraniumAmmonia (n) -------------- -------------

ND (0. 01) yg yox3ge fofy _ ----- ------------ 24gArsenic (As) ------------- ------- -- -_

R a d i u m - 2 2 6 , pCi /1 - - - - - - - - - -- - -- - ---- - - - - - - - - - - - - - -- - - -- - - - - - - - - - -- - -- - - - -- - - - -- 9 . 5 2 0 . 3
Thorium-230, PCi/1---------------------------------------------------------------6.123.1
ND " Not detected a t level given in parenthoscs. Radiochemical by Core Lab. , Alburjucrque, NH.

Ecology Audits, Inc. , Dallas, TX.&

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

.
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CHE. .lCAL & GEOLOGICAL 1 AB ~ .<ATORIES,

E P. O. Box 2774.

- Casper, Wyoming

ANALYTICAL REPORT

Frorn . O.PI-Wes t ern ..Joi n tl. Vgn t.ptg.. .. Product.. . . a t er...W
D

p.ddtcss . Casper,.. Wyoming..
. . 0 ate _. October 7,, 1978_ ...

Other Pertinent Data . . . , . . . .

. .. .

29020-2Analyzed by. . Staff pe,e_ _ october 30, 1978 t,y yo,

3 _ _ _ _ _ _

WATER ANALYSIS

Bison Basin, Wyoming
303-6--P22 Interval "D"S Sample taken Oc*ober 6a 1978

mg/l mg/l

e otal dissolved solids (calculated) ---- 1587 Baron (B) --- ------- ----------- -- ND (1. 0)a

Total dissolved solids (observed) ------ 1499 Barium (Ba) ND (0. 05)------------------------

Total suspended solids ------- --------- 4.8 Cadmium (Cd) ND (0. 002-- ----- ------------ -

Conductivity, micrombos @ 68*F. -------- 1900 Chromi um (Cr) ND (0. 01)------- -------------

Total alkalinity as CACO -------------- 110 ND(0.01)Copper (Cu) --------- --------------

Scdium (Na) (calculateb) ---------------
97 Fluoride (F) 0.98"otal hardness as CACO --------- ----------- -

482 Iron (Fe) 0 01

Sodium (Na) (observed) ---------------- 468 Lead (Pb) ~(total)
---------------------------- ---

ND (0. 05)-- -----------------------

0 019rotassium (K) Manganese (Mn) --------------- -------------~~-- -------------

29 ND(0.001Calcium (Ca) Hercury (Hg) -------- -----------------------------------------

6 Nickel (Ni ) - - - - - - - - - - - - - - - - - - - - - - - ND (0. 04)Magnesium (Mg) -------------------------

30 Nitrate (a s N ) - - - - - - - - - - - - - - - - - - - - - ND (0. 01 )Qhloride (C1) ----------------- --------

965 Ni tri te (as N) ND (0. 01)Sulfate (SO ) ------ --------- ------~~------------------ ---

Carbonate (bO ) 36 Selenium (Sc) ND (0. 01)------- ------------------------------------ -

Bicarbonate (bCO 61 Zinc (Zn) ND (0. 01)
units ----- 3)

----------------- --- --- ------- ------- ------

95 Molybdenum (Mo) -------------------- ND (0. 05)pH, ------------------ --- -

ND (0. OS)ND (0. 05)Va nadi um
(U b ) ----------------- --

(V OAluminum (A1) ----- ----------------------------------------

ND (0. 0010.20 Uraniumjmmonia (N) -------------- -------------

3g
ND (0. 01)Arsenic (As) -- -------- ---------------

8.320.3R a d i u m - 2 2 6 , pC i /1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
1.4!1.1Thorium-230, JCi/1----------------------------------------------------------------

't.D = Not det ected a t level given in parentheses. Radiochemical by Core Lab., Albuquerque, NM.
& Ecology Audits, Inc. , Dallas, TX.

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

J
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CHEMICAL & GEOLOGICAL LABORATORIES)
-

'

P. O. 02x 2794
.

Casper, Wyoming

ANALYTICAL REPORT

) Frorn . . O_Ph Wps t ern . Jol p t...k'gg t u r #..
. .. Product.. .. a tpr... .W

Address .Ca sper ,...Wyomi ng..
. ..Date.. SppQembeL27r..}978.. . . ...

Olhtr Pertinent Data . . .

... .

Analyzed by.. . St a ff.. Oese__ 0ct_ober. 30.,. 1978.. Lab No. 28887-3

WATER ANALYSIS

,
Bison Basin, Wyoming

) .503-6-P-31 Interval "D"
Sampic taken September 26, 1978

rng/1_ mgf1_

m
1363 Doron (D) - - - - - - - - - - - - - - ~ ~ - - - - - - - - - - N D (1 . 0)'otal dissolved solids (cal cula t od) ----

'otal dissolved solids (observed) ------ 1336' Ba ri um (Ba) ND (0. OS)------------------------

'otal suspended solids ----------------- 1.2 Cadmium (Cd) - - - - - - -- - - - --- - - - -- - - ND ( 0 . 0 0 2)
'onductivity, micrombos @ 68*F. -------- 1825 Chromium (Cr) --- ------------------ ND(0.01)

ND(0.01)116 Copper (Cu)'atal alkalinity as CACO ---------------------------------- ---

3 111 Fluoride (F) ----------------------0.98jal hardness as CACO ----------------

' odium (Na) (calcula teb) 406 Iron (l'c) (total) ------- ,---------- ND(0.01)---------------

406 Lead (Pb) - - - -- - - - - - - - - -- - -- - - - - - - - - N D ( 0 . 0 5 )blium (Na) (observed) -----------------

7 Hangancsc (Hn) -- ------------ ----- ND(0.01)'@tassium (K) ----------------------- -

31 Hercury (Hg) -- -- - - - - -- - - -- - - - - - - - - - ND ( 0 . O O 1 )'Dicium (Ca) ---------------------------

8 Nickel (N1) -----------------------ND(0.04)'agnesium (Hg) -------------------------

floride (C1) 32 Ni tra ta (as N) - - - - -- - - - - - - - - -- -- - - - ND ( 0 . 01 )--------------------------

ND(0.01)810 Nitrite (as N)'ulfalc (SO ) -----------------------------------------------

(bO ) 18 Selenium (Se) -- - - - - - - -- - -- - - -- -- - - - ND ( 0 . 01 ) ''arbonata ---------------------- -

icarbonate (bCO 104 Zinc (2n) ND(0.01)
units ---- 3)

-------- -------- --- --- - ------------- ------

8.8 Holybdenum (Ho) - ------------------ ND (0 . 0 5)11 , -----------------------

ND(0.05)ND(0. 05) Vanadium
(U b )----~~~--~~----------(V Ouninum (A1) ------------- --------------------------------

0 0050.15 Uranium. nonia (N) -------------- -------------.
3g

ND (0. 01)rsenic (As) ---------------------------

a d i um - 2 2 6 , pr i /1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - -- - -- - - -- - - - - - - - 3 3 5 ! 0 . 3
h o r i u m - 2 3 0 , pC i /1 - - -- -- - - - - - - - - - --- - - - - - -- - - - - - - -- - - -- - -- - - -- - - - -- --- - -- - - - - -- - 10 . 0 2 4 . 6

i

D = No t dc L ect ed a t level given in parentheses. Radiochemical by Core Lab. , Albuquerque, NH.

bove tests were made in accordance with Standard Methods, 14th Edition,1975, ASTH, WQO and

EC methods. *

. .
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p ,' CHEMICAL & GEOLOGICAL LABORATORIES
P. O. Box 2794.

Casper, Wyoming

ANALYTICAL REPORT

D from OPI--Western..Jo. int, Ven.ture...
. .. Product.. W.. ater.. .. ..

Address . Ca s per . .. Wyoming.. .. . . D a t e... . 0ct o.b,er..14.,..1.9 7 8.. ..

Oth2r Pertinent Data . . ..

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

D Analyzed by.. . Staff.. Date .pctobgg. 39.,,,,197 8.. Lab No.. 2909.6.-2
- -.

WATER ANALYSIS

B Bison Basin , Wyoming
303-6-P-7C Interval "D"

Sample taken October 12, 1978

.

E rng/l mg/l

Total dissolved solids (calculated) - 1438 Ammonia (as N) ------------------- 0.22
Total dissolved solids (observed) --- 1400 Iron ( re ) --------------- -------- N D ( 0. 01 )
Sodium (Na) (calculated) ------------ 452 Lea d ( Pb ) ------------------------ N D( 0. 0 5 )
Sodium (Na) (observed) -------------- 437 Nit ra t e ( a s N ) ------------------- N D( 0. 01)O Po t a s s i um ( K ) -- --------- - --- -------- 9 Nitrite (as N) ------------------- ND(0.01)
Calcium,(Ca) ------------------------ 18 Selenium (Se) --------- .-- ------- ND(0.01)
f la gn e s i um (lig ) ------- --------------- 3 Zinc (Zn) --------------- ----- - ND(0.01)
Chloride (Cl)----------------------- 34 Uranium (U 0 ) ----- ------------- ND(0.001)

Conductivify micrombos@68or. ----- 1775Sulfate (SO)----------------------- 850
carbonate (00)--------------------- 36 Total alkalinity as CACOg g

~~~~~~~~

3Bicarbonate (hCO ) ------------------ 73 Total hardness as CACO ~~~~~~~~~~

3
pH, units ------------3 -------- - 9.8

Radium-226, pCi/l -------------------------------------------- ------------------ 2.2!0.4
Thorium-230, pCi/1 -------------------------------------------------------------- 0.6!0.7

9
Radiochemical tests by:

ND = Not detected at level given in parentheses.

Above tests were made in accordance with Standard !!cthods,14th Edition,1975, ASTH, WQO
) and AEC methods.

CilEliICAL E GEOLOGICAL LABORATORIES

-
,/-

.
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C. E. Davis
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.
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CHEMICAL & GEOLOGICAL l ABORATORIES-

'

| P. O. Box 2794,

Casper, Wyoming

ANALYTICAL REPORT

$ From OPI-West ern. Joint , Ven,ture.. .. Product.. W.. ater... .

Address Casper... Wyoming.. ..Date.. . 0,c tpb er ,' 2 0 ,, 19 7 8.,

Other Pertin nt Data
. .. .

.. . .
. .. ..

g Analyzed by. . Staff Date.. O,ctober 30, 1978.. . Lab No. 29153.-l

WATER ANALYSIS

g Bison Basin, Wyoming
303-6-P-16 Interval "D"

Sample taken October 19, 1978

.

D mg/l rng/l

Total dissolved solids (calculated) - 1331 Ammonia (as N) ------------------ 0.15
Total dissolved solids (observed) --- 1338 Iron (Fe) ----------------------- 0.13
Sodium (Na) (calculated) ---- ------- 405 Lead (Pb) ----------- ----------- ND(0.05)
Sodium (Na) (observed) -------------- 320 Nitrate (as N) --------------- - ND(0.01)

D Potassium (V,) ----------------------- 8 Ni trite (a s N ) ----------------- ND( 0. 01 )
Calcium (Ca) --------------------- -- 29 Selen ium ( Se ) --------- ------ -- N D( 0. 01)
Magnesium (Mg) ---------------------- 5 Zinc (Zn) ---- ----------------- ND(0.01)
Chloride (C1) ----------------------- 30 Uranium (U 0 ~~~~~~~~~~~~~~~~~~~

Conductivihy,micrombos@680F. - -- 17508Sul fa t e (SO ) ----------------------- 770
Carbonate (LO ) --------------------- 36 Total alkalinity as CaC0 ---- -- 141

) Bicarbonate (IlCD ) d -- '-- ' '- 2 '- ----- 9 8 -- Total hardness 'as CaC0 $-- ----- 143 -

3

3 J pH , un it s ---- 2--- l $---------- . 9. 0 .

Radium-226, pCi/f w r--- ,2- i-------------------------------------------------- 8.7!0.4 -

T h ori u m - 2 3 0 , pC i /f - - - - - - -- - 2- - - - - - - -- - - - - - - - - -- -- - - -- -- - -- -- - - - - -- - - - - - - - - -- 1.0i0.7
9

Radiochemical tests by:

ND = Not detected at level given in parentheses.

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

CHEMICAL 6 GEOLOGICAL LABORATORIES

) -f' +

0 G,>L,
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'
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.
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CHEMICAL & GEOLOGICAL LABORATORIES.

*

P. O. Box 2794
.

Casper, Wyoming

ANALYTICAL REPORT

From OPI-Western Joint,,Ven,tur,e.. .
. . . . W .... . a t.e r.,.. Product.. . . . . .

'

Address Casper ,. Wyoming.. . ..Date.. .
Octo.ber ,14,,t 1978, ,, ,

Other Pertinent Data . . .. . . . . . . , . . .

- - - - -. . . .. .. . . .. . .. . . . . .

29096-3Analyzed by . Staff. Date.. October 30,, 1978 . Lab No.!
,,

- ,

WATER ANALYSIS

| Bison Basin, Wyoming
303-6-P-19 Interval "D" '

; Sample taken October 12, 1978
|
|

g mg/l

Total dissolved solids (calculated) - 1508 Ammonia (as N) ------------------- 0.18
Total dissolved colids (observed) --- 1462 Iron (re) ------------------------ ND(0.01)
Sodium (Na) (calculated) ------------ 446 Lead ( Pb ) ------- ---------------- N D( 0 . 0 5 )
Sodium (Na) (observed) -------------- 447 Nitrate (as N) --------------- --- ND(0.01)

~

) Potassium (K) ----------------------- 11 Nitrite (as N) ------------------- ND(0.01)
Calcium (Ca) --------------------- -- 56 Selenium (Se) --------- .---------- ND(0.01)
flagnesium (Mg) ---------------------- 0 Zinc (Zn) ----- ------------------ ND(0.01)
Chloride (C1) ----------------------- 40 Uranium (U 0 } ~~~~~~~~~~~~~~~~~~~ " *

38
Sulfate (S0 ) ----------------------- 900 tonductivity,micrombos@68or. ----- 2100q
Corhonate (LO ) --------'-- p-------- 24- Total alkalinity as CaC0p.- ---- : 1313

) Bicarbonate (IlCO - -------- - ---- -

pli, units --- -%-- h 3
~'tal Wdness~as CACO ~~~~~~~~ ~

3 ''
----------- 10.1- --

R a d i u m - 2 2 6 , p C i / l* -- - - - ,- ,- - -/ ' - -- -- - - -- -- --- - - -- -- - -- - -- - -- ---- ---- -- -- - - - - - -- 14 . 510 . 4-

Thor i um - 2 3 0 , pC i /f -- ^ 11 -- C'----- ------ --- -- -- - -- - --- -- - --- ------ -- ------- -- 2 . 0 t l . 3
3 Radiochemical tests by:

ND = Not detected at level given in parentheses.

Above tests wei'c made in accordance with Standard Methods,14th Edition,1975, ASTH, WQO
and AEC methods.%

J
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.
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) ,' CHEMICAL & GEOLOGICAL LABORATORIES
P. O. Box 2794.

Casper, Wyoming

ANALYTICAL REPORT

) From OPI-Western J.oint Ven.ture.. .. .. Product.. .
W.. a t.er... .. . .. . .

Address . Casp.er... Wyoming.. . .. . . . D a t e.. . ..QC.t9her. 20,..1978... .

Other Pertinent Data . . . . . . ..

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

Anstyred by.. .. . Sta ff.. Date....0c.tob.er.. 30.,..19.7 8... . Lab No. . 29153-2

WATER ANALYSIS

} Bison Basin, Wyoming
303-6-P-22 Interval "D"

Sample taken October 19, 1978

.

) Q mg/l
1

| Total dissolved solids (calculated) - 1653.. Ammonia (as N) -- ---------------- 0.19
Total dissolved solids (observed) --- 1612 Iron (Te) ------- ---------------- 0.10,

| Sodium (Na) (calculated) ------- ---- 494 Lead (Pb) - ----- ------ --------- ND(0.05)
Sodium (Na) (observed) -------------- 490 Nitrate (as N) --------------- --- ND(0.01)
Potassium (K) ----------------------- 10 Nitrite (as N) ------------------- ND(0.01)
Calcium (Ca) ------------------------ 39 Selenium (Se) --------- .--------- ND(0.01)'

Magnesium (Mg) ---------------------- 4 Zine (Zn) ----- -------- --------- ND(0.01) .,
! Chloride (C1) ----------------------- 28 Uranium (U 0 ~~~~~~~~~~~~~~~~~~~

Conductivify,micrombos@68F.i-----2100i. -

8Sul fa t e (SO ) -- ' '- - --- 1040-
Ca rbo na t e ( 00 ) '-- '' u ' I. .L----------

- '

2 1------- - 24 Total alkalinity ~ as CACO'I h----- 81]Dicarbonate ( CO )~- '*- 4 2--)----- 0 - Total hardness'as CaC0 ~ -- ------ 114-
'

Ny d rox i d e ( OH ) . 3 --------------- ---- 14 pH , un its --- L---- -- ----------- 10.6 --

R a d l u m - 2 2 6 , p C i /1' -- 1 '- - - - - L - -- --- - - - -- -- - - --- -- - -- - --- -- - --- --- - - -- ------ --- 21.0t0.4 -
Thorium-230, pCi/l --------------------------------------------- ------------ --- 5.812.2

) Radiochemical tests by:i

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. j

1
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CHEMICAL & GEOLOGICAL LABORATORIES..

*
;

~
. P. O. Bxx 2794

,

Casper, Wyoming

ANALYTICAL REPORT
.

From .OPI-We, stern, J,oint ,V,en.ture .. ...
. . . . .. Product.. W.. a.t.er., .

. .. .. . . ...

Address . . Casper... Wyoming... . . . D a te... .. ... .. 0c.tobgr.. 23,,,,197 8.,, ,, .

Other Pertinent Data
. . . . . . . . . . .. .. . .. . . . .

. . . . . . . . . . , . . . . . . . . . . . . . .. . . . .. . . ..

29172-4Analyzed by.. . Staff. . . . Date.. October 3g,,,,,1978
. . Lab No. .,

|

WATER ANALYSIS

Bison Basin, Wyoming
4 '-6-P-31 Interval "D"

Sample taken October 20, 1978

!
, .

j mg/l mg/l

Total dissolved solids (calculated) - 1429. Ammonia (as N ) ------------------ 0.14
Total dissolved solids (observed) --- 1402 Iron ( Fe ) --- -------- ----- --- - --- - 0 . 0 5
Sod ium (Na ) (calculated) ------------ 432 Lea d ( Pb ) ------- ------ -------- N D( 0. 0 5 )
Sodium (Na) (observed) -------------- 452 Nit ra t e (a s N ) ------------------ 0. 0 5

} Potassium (K) ----------------------- 8 Ni trite (a s N ) ------------------ ND( 0. 01)
Ca l c i um ( Ca ) --------------------- -- 31 Selen ium ( Se ) --------- .--------- ND( 0. 01)
Magnesium (Mg) ---------------------- 6 Zinc ( Zn ) ----------------------- N D ( 0 . 01 )
Chloride (C1) ----------------------- 34 Uranium (U 0 } ~~~~~~~~~~~~~~~~~~~8Sulfate (SO ) -----~~---------------- 840 Conductivi y,micromhos068 P. ----- 1770
Carbonate (OO)--------------------- 24 Total alkalinity as CaC0 130--------) Bicarbonate (hCO)------------------ 110 Total hardness as CaC0 -- -----_ 102

3
pH, units ----- ------3 8.8.

-----------

Ra d i u m - 2 2 6 , p C i /1 -- - - - - - - - -- - -- -- - - -- - -- - - - - --- --- -- - --- -- - - - -- - - ---- - - - - - - - -- 2 9 6 ! 0 . 3
Thorium-230, pCi/1 -------------------------------------------------------------- 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 f. GEOLOGICAL LABORATORIES
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~ __

_ _

.

r .

) CHErvilCAL & GEOLOGICAL I ABORATORIES-.

P. O. Box 2794
.

Casper, Wyoming

ANALYTICAL REPORT

) From .PPI-Yes tern,, Joint.Jen ture.. ,, . progueg , ,, , ,, ater , ,,, , , , , _,

W

Address ..Caspery. Wyomin7....
. .. ..oate.. .0ctpber.23,, 197B.,

, , . , , , ,...

Othrr Pertinent Data . , , , , , ,, ,, , ,,

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

Analyzed by._ Staff .. . , ,
oate . _ Novemb.er .3, 1978... Lab No. 29215--3

..

WATER ANALYSIS

Bison Basin
303-6-P7 Interval "D"

b Sample taken October 23, 1978

my/1 mg/l

Total dissolved solids (calc'ulated) 1506 Ammonia (a s N) -------- ------ ---- 20
Total dissolved solids (observed) -- 1486 Iron (Fe) --------------------- ND (0. 01 )} Sodium (Na) (calcula ted) ----~~--- 474 Lea d Pb ------------------------ ND (0 . 0 5)

Sodium (Na) (observed) ------~~~~ : 465 Ni tra t e (as N) ---~~~~---------- 0.26 .~
Potassium ( K) - -- - - - ~ ~ -- - - - - - -- - - - -- 10 Ni tri te (as N) ------------------ ND (0. 01)

' Calcium (Ca ) - - ----- - -- ---- -- ------- 18 Sel eni um (Se) ------------------- ND (0. 01)
Ma gnes i um (Hg) -------------------- 2 Zi nc (Zn) ---- ~ ~ ~ ~ -~ ~ -- ~ ~ ~ ------ - 0 01

) Chloride (C1 ) -- ---- - - - ---- ------ -- 3 6 Uranium (U O ) ------~~~~-- ND (0. 001)3g
(SO ) ~ ~ --- - ------- ------- 9 0 0 Conductivity, micrombos ,@ 68*F -- 1750Sulfa te 4

(CO ) - - ~ ~ - ~ ~ ~ ~ ~----- -~ ~ - 3 6 Total alkalinity as CACO 3 ~~~- 110Carbonate 3
Bica rbo na t e (HCO ) -----~~---------- 61 Total hardness as CACO 3-------- 53

3
pH, u ni ts --~~---~~----------- 9 7

.

) Radium-226a pc i /1 - - - - ~ ~ ~ -- - - - - - -- - --- -- - - - - - - - - - -- - - - - -- - -- --- - - - - - --- -- - - 1 . 4 ! 0 . 3
Th o ri u m- 2 3 0, pCi/1 - --- ---- ----------- ------ -- -- - --- --- ------------------- 2 . 5 21. 2

Radiochcmical tests by:

1 D = Not detected at icvel given .in parentheses. *

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

WOO and AEC methods.

CHEMICAL & GEOIDGICAL IABORATORIES
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) CHEntlCAL & GEOLOGICAL LABORATORIES-.

*

P. O. Brx 2794
.

Casper, Wyoming

ANALYTICAL REPORT

) Fesm -QPI.-Wes tern ygi.n.t... Venture.. ..progueg , , ,, Water ,.
. , , ,, , , .

Addtess .Casperp. Wyoming...
.. . ..Date.. . 0ct.ober . 30p..1978..

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

Other Pertinent Data . .. . . . ., , , , .

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

Analyzed by StaEf. . Oate.. . . Ng.v_ ember. 3x.19.78.. .Leb No.. .29250-2

WATER ANALYSIS

Bison Basin
303-6-P16

h Sample taken October 28, 1978

mgfl mg/l

Total dissolved solids (calculated) - 1491 Ammonia (a s N) -~~----~ ~-------- 2 9

) Total dissolved solids (observed) -- 1526 Iron (Fe) ---------------------- ND (0. 01)
Sodium (Na) (calcula ted) ---------- 460 Lea d Pb ~~ ~ ~---~ ~ --------------- ND ( 0 . 0 5)

Sodium (Na) (observed) ----------- ' . 433 Ni tra te (as N) ----------------- 0 33

rotassium ( K) - - - - -- ~ ~ -- --- - - --- - - -- - 9 Nitrite (as N) ----- -- ------ -- -- - ND ( 0 . 01 )
' Ca l ci um (Ca ) ~ ~ ----------------~~--- 29 Sci enium (Se) -~~ ~-~~---------- ND (0. 01)

Magfoesium (Hg ) - - ~ ~ ~ - ~ ~ ~ ~ ~- -- - --- ~ ~ ~ ] Zi nc (Zn) --------_------------- ND (0. 01 )

) Chloride (C1 ) -- ---------~ ~ - -- ----- 3 0 Urani um (U O ) ----------------- ND (0. 00D3g
Sulfa te (SO ) ---------------------870 Conductivity, micrombos @ 68*F -- 17854
Carbonate (CO ) ------- ------------ 48 Total alkalinity as CaC0 ------ 150

3 3 80
Bica rbona t e (HCO ) ------------- _--- 85 Total hardness as CACO 3 ---------3

pH, u ni ts ----g---------------- 9 * A - -

b R a d i um - 2 2 6 , pCi /1 ~ - - -- ---- =. = = - ------- -------- --------------- --------------- - 1 2 .12 0 . 3
Thorium-230, pCi/1' -- ' = - . = + - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - = ----- 010. 5 -

Radiochemical tests by:
'

kD = Not detected at icvel given in parentheses.

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

WOO and AEC methods.

CHEHICAL & GEOLOGICAL IABORATORIES
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CHErdlCAL & GEOLOGICAL LABORATORIES ~
..

.

P. O. Box 2794
.

Casper, Wyoming

ANALYTICAL REPORT

} From SPI".Wes t ery..qoj.n t..Ye.n t uE.e..
.. . .. product..

. . Water . . . .

.. Casper . Wyoming.. . ,.Date.. October 24, 1978
. . . . . . .

Address o

Other Pertinent Data . . . . . . .. . . . . . .. .- . . - -

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

Analyzed by.. .. Staff . .
. O,,,_. November 3, 1978 _99 y,,, 29215-4

___

WATER ANALYSIS

Bison Basin -

303-6-P19 Interval "D"

) Sample taken October 24, 1978

mgQ mg/1

Total dissolved solids (calculated) 1532 Ammonia (a s N) -------- ~ ~ ---- -- -- 22
) Total dissolved solids (observed) -- 15 O' Iron (Fe) ---~ ~- ~ ~ -------------- ND (0. 01 )

Sodium (Na) (calcula ted) --~~--~~~~~ AII Lea d Pb ----~ ~ ~~ ~-~ ~ ~ ~---------- ND (0 . 0 5)
Sodium (Na) (observed) -------~~-- ' 448 Nitrate (a s N) ---- ------- - ~ ~ - ~ ~ ~ 0*2]
roLassium ( K) - -- - -- --- ---- ---- - - ~ ~ 10 Nitri te (as N) ---------------- ND (0. 01)

ICa l ci um (Ca) ---- ------~ ~ ~~ -- -----~ ~~ - Scieni um (Sc) ---------------~~~ ND (0. 01)
Magnesium (Hg) ~~~------------------- Zi n c (Zn) ------- ~ ~ - --- - ~~ ~-~ ~ ~ - - 0*0I

) . Chloride (C1 ) - ----~ ~~------ - ---- ~ ~ ~ 3 2 Uranium (U O ) ----------------- ND (0. 001)3g
1850Sul fa te (SO ) - - - -- - - - - - - ~ ~ - - - - -- - ~ ~ ~ Conductivity, micrombos ,@ 68*F --4 24 81Carbonate (CO )3 Total alkalinity as CACO 3 -~~~-------------- --------

,gBicarbonate (HCO ) ----------------- 0 Total hardness as CACO 3 ---------3 ,0 gHydroxide (OH) ? .- ~ ~ ~ ~ ~ - - - - + - ~ ~ ~ ~ ~ ~ ~ ~ - - 14- ^ ~ pH , u ni t s - ~ ~ ~----- l--- ~ ~ ~ ~ ----- -- -

D Ra d i um - 2 2 6 , JCi /T - --- -- - -- ~ h----------- -~ ~ ~-------------------- ---------- --- -- -- 7 . 4 2 0 . 3 -- -
Tho ri u m . 23 0, pCi/E ---- =-----h = ------------------------------------------------ 7. 6 2 2 . S - -

Radiochen.aal tests by:
~ '

ND = Not detected at icvel given in parentheses.

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

CHEMICAL & GEOLOGICAL LABORATORIES
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.) CHEMICAL,& GEOLOGICAL LABORATORIES

,

. P. O. Box 2794

Casper, Wyoming

ANALYTICAL REPORT

) From ..OPI.-Wes tern .Joi.n t,,Ye.n,tuge., ,,,pgodveg_, , Water, , , , ,,, , ,

Address CasperuWyoming.,
, .. Da t e.. October 30, 1978

, ,, , ,,_,

Other Pertinent Data . . . . . . . . . . . . . . . . . . . . - . . . .

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

) Analyzed by. StaEE. gege__ November 3, 1978 _ g,y yo, 29250-3
,,

__

. .

WATER A?!ALYSIS

Bison Basin
303-6-P22C

Sample taken October 28, 1978

mg/l mg/l

2*9Total Ji. solved solids (calc *ulated) - 1768 Ammonia (as N) ------- -----~~~--

) Total dissolved solids (observed) --- 1812 Iron (Fe) ------------ --------- ND (0. 01 )

Sodium (Na) (calcula ted) ------~~-- 533 Lead Pb ------------------------- ND (0. 05)
Sodium (Na) (observed) ----------- * 493 Ni tra t e (as N) ------~ ~ ~--------- 0 07
Potassium (X)~~--------~~-~~~------- 11 Ni tri te (as N) --~ ~~------------- ND(0.01)
Calcium (Ca ) - - - - -- - - ---- -- --- - --- --- 41 Selenium (Se) --~~-------~~------ ND(0.01)
Magnesium (Hg) -------~~~~----------- 3 Zi nc (Zn) --~~-~~ ~---- ~ ~~ -----~ _ ND (0. 01 )) . Chloride (C1 ) - - ~ ~ - - ~ ~ - - -- - -- -- - - - - - 3d Uranium (U O ) W5------------------

3g 2125(SO ) -- --- - - ~ ~ - - - - - ~ ~ ~ ~ ~ - - 1100 Conductivity, micrombos @ 68*F --Sul fa te 4
(CO ) - - - ~ ~ - - --- - - -- - - - - -- 36 Total alkalinity as CaCd ------ 101Carbonate 3 3 iib0 Total hardness as CACOBicarbonate ( HCO]) -- -- -- - ~ ~ ~ --- --- ~ ~ ---~~~~~~

10.7
Nydroxide (OH) - - ---- -- -~ ~ ; ---~ ~ -- --- 14 PH, units ------------ -------~~- --

Hadi um- 226, PCi/1: ----- .---~~-------- -------------------------------------~~~ 29.620.3
Tho ri u m- 23 0, pCi/1 - - --- -- ------- ----- ---- ------ ----- ~~ ~~ ------ ---- ~~ ----------- 0 0 . 5 - - -

Radiochemical tests by:Ic',i tv.its i :
.

} ND = Not detected at level given in parentheses.

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

WOO and AEC methods.

CNEMICAL & GEOLDGICAL LABORATORIES
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CHEMICAL & GEOLOGICAL LABORATORIES

.

) . -

. P. O. Box 2794

Casper, Wyoming

. ANALYTICAL REPORT

) From .9PI. _ Western . Joint.f.en.tur.e.. . . . . .pyoducs_,
,

W, ater ,,
, , , , , , ,

Address .Casp.cr, Wyoming..
. .. .. ..Date.. ...gc.t.ob.ex. 39.g..197.8...

. . . . . . . . . .

_.,

Othtr Pertinent Data . . . . . . . .. .. . -

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

Antlyzed by . Staff. page . . . .N. .o. .v. e. . .m. .b. .e. .r. . , . 3. . ,. . . 1. . 9. 7. 8. . . . . Lab No. 29250-4
'

)
_-

WATER ANALYSIS

Bison Basin

) 303-6-P31C
Sample taken October 28, 1978

mg/1_ mg/l

Total dissolved solids (calctilated) - 1568 Ammonia (as N) 1.8------------------

) Total dissolved solids (observed) --- 1606 Iron (Fe) ----------------------- ND ( 0. 01 )
Sodium (Na) (calcula ted) ----------- 479 Lead Pb ------------------------- ND (0. 05)

| Sodium (Na) (obs erved) ----------- *- 456 Ni t ra te (as N) -------------- --- 0.15 .

Potassium (K) --------~~-~~~~--~~~~-- 8 Nitrite (a s N) --- ------ ---- - --- - ND(0.01)
'

* Calcium (Ca ) - - - - --- - -- - - - - -- -- -- - -- - 31 sel en i um (Sc) ------------------- ND(0.01)
4 Zinc (2n)Magnesium (Hg) ND (0. 01)---------------------- -----------------------

34 Uranium (U O ) ---------------~~- ND (L OMChloride (C1) ~ ~ ~ - - - - - - - - - - - - ~ ~ - - - - -
3g

(50 ) --~~-----------~~~~~--- 9404 Conductivity, micrombos @ 68*F -- 1750Sulfa te
l 24

3 Total alkalinity as CaCd -----~~ MCarbonate (CO ) -------~~~-----------

398 NADicarbonate (HCO )3 Total hardness as CACO 3 -----~~~~--~~~~------------

#*#pH, units ~~~-------~~--------~~~

Radium-226, pCi/1 -----------~~-- ----------------------------~~~-----------~~-- 29120 3
Tho ri u m- 2 3 0 , pCi /1 ----- - ---------- - -------- ~~ ------------------ ---- ------- 0 520.7

Radiochemical tests by:
.

}.
ND = Not detected at icvel given in p-arentheses.

i

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

j

CNEHICAL & GEOLOGICAL LABORATORIES

.-

'

C. E. Davis *

|
'
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#CHEMICAL & GEOLOGICAL LABORATORIES- -

D 3. a. 7a
-

'P. O. Box 2794 I
.

Casper, Wyoming

ANALYTICAL REPORT

BFrom . 0PI-Western. Joi.nt. . Venture.. .. Product.. W.. a.t er.. . .

Addrcss.. . .Ca sp.er. .. . Wyoming ..
. ..Date.. .. Augus t.16 , .19.7.9.. . . .

Oth:r P;rtinent Data .
. .

.

. . . .

gnalyzed by.. ..KCM , .JM ,.. SS , LG ,..pD , ..GH . Date.. . 0ctober. 3, .1979. . Lab No.. .31800-5.

] WATER ANALYSIS

Bison Basin, Fremont Co., Wyoming
303-6-P7

Sample taken August 5, 1979

)
ng/l mg/l

, Total dissolved solids (calc.) ------ 1425 Ammonia (as N) ------------------- ND(0.1)
)Totaldissolvedsolids(obs.)------- 1376 Iron (Fe) ------------------------ 0.01
; Sodium (Na) (calc.) ----------------- 424 Lead (Pb) -------------------- --- ND(0.05)
| Scd ium (N a ) ( obs . ) ------------------ 410 Nitrate (as N) ------------------- ND(0.01)

Potassium (K) ----------------------- 11 Nitrit e ( a s N ) ------------------- 0.10
Calcium (Ca) ------------------------ 40 Selenium (Se) -------------------- ND(0.01)
Ma gn e s ium ( Mg ) -- -- -- -- --- ------- - -- -- 0 Zine (Zn) ------------------------ 0.06
Chloride (Cl) - --------------------- 36

Conductivi!y,)micrombos @ 68oF. -- 1725
Uranium (U 0 ------------------ 0.006

8| Sulfate (SO ) - --------------------- 860
Ca rbona t e (L 0 ) - -- -- ------ --- ----- 0 Total alkalinity as CACO ~~~~~~~~3 3Bicarbonate (nCO 110 Total haMness as CACO------------------

3 3 ~~~~~~~~~~pH, units --------------------------- 8.1

' .
Radium-226, pCi/1 -------------------------------------------------------------- 3.7 0.4

ND = Not detected at level given in parentheses. Padiochemical 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 E GEOLOGICAL LABORATORIES
D

g y w -'!.s-,.-,a r"c5
, ,

gy

sC. E. Davis .-
)

.
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'') ',' CHEMICAL & GEOLOGICAL LABORATORIES
P. O. Box 2794.

Casper, Wyoming

ANALYTICAL REPORT

) From . . . OPI-Western jpint ,Y.en,tur.e... . . . .. Product.. . ..Wat.et . . . . . . . . . .

Address.. ..Casp.en. Wy.oming.. .. . .. ..Date.. .. . . . .. August.16,.19.7.9.. .. . . . .

OthIr Pertin-nt Data . . . . . . .. - - - - -

.. . . . . . . . . . . .. . . . . - --

) * Anslyzed . y . ..KCM , ..JM , _ SS ,, LG ,..DD . ..GH Date.. .0ctober. 3, .1979.. . Lab No.. .31800-1

)
,

WATER ANALYSIS

Bison Basin, Fremont Co., Wyoming j

303-6-P16 |

Sample taken August 5, 1979

.

mg/l mg/l

|

Total dissolved solids (calc. ) ------ 1348 Ammonia (as N) ------------------ 0.25

Total dissolved solids (obs.) ------ 1272 Iron (Fe) ----------------------- 0.03

i Sod ium (Na ) ( calc . ) ---------------- 383 Lead ( Pb ) -------------------- -- ND( 0. 0 5 )
'

| Sod ium (Na ) ( obs . ) ----------------- 425 Nitrate (as N) ------------------ 0.02
l Pota s s ium ( K) ---------- - ----------- 11 Nitrite (as N) ------------------- ND(0.01)

Calcium (Ca) ------------------------ 51 Selenium (Se) -------------------- ND(0.01)
Magnes ium ( Mg ) -------------------- - 3 Z ine ( Zn ) - ----------------------- N D ( 0 . 01 )
Ch lori d e ( C1 ) -- -------- ------------- 2 8

'

Conductivihy)micromhos@68or.--1800
Uranium (U O ------------------- 0.007

Sulfate (SO ) ----------------------- 806
Carbonate (bO)---------------------24 Total alka.linity as CACO ----~~~~3 3Bicarbona te ( HCO ) ------------------ 85 Total hardness as CACO ----~~~~~~3 3pH, units --------------------------- 8.3

1

! Ra d i um - 2 2 6 , p Ci /1 - - -- - - - - - - -- - - - - - -- - - - - -- - --- - -- - - --- - - - -- -- - - - - - - -- - - - - - -- - - 5 . 4 2 0 . 4 '

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

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

| and AEC methods.
,

CHEMICAL E GEOLOGICAL LAEORATORIES g
JOlNT

OPl- 10Na

Qd

C. E. Davis /'.
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g " , ' ' CHEMICAL & GEOLOGICAL LABORATORIES
'

P. O. Box 2794,

Casper, Wyoming

ANALYTICAL REPORT

DFrorn. OPI-Western Joint,,y,entur.e..
. .. Product.. . Wa t.er.. .

Addr:ss.. ..Ca.sp.pp, . . Wy.oming.. ..D a te.. . . .. August.16,.19.7.9.. . . . . .

Oth:r Partinent Data .
. . . .- -

gArn!yzed by.. .}(CM , JM , SS , If> ,.. DD ..GH . Date.. . 0ctober .3 ', .1979.. . Lab No.. .31800-2
_

g WATER ANALYSIS

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

Sample taken August 5, 1979

D

.

mg/l mg/l
'

.

Total dissolved solids (calc. ) ------ 1353 Ammonia (as N) ------------------- 0.24
D Total dissolved solids (obs. ) ------- 1314 Iron (Fe) ------------------------ ND(0.01)

Sodium (Na ) (calc . ) ----------------- 380 Lead (Pb) -------------------- --- ND(0.05)
Sod ium (Na ) (obs . ) ------------------ 416 Nitrate (as N) ------------------- ND(0.01)
Po ta s s i um ( K ) -- -- --- --- ------ ------- 11 Nitrite (as N) ------------------- ND(0.01)
Ca l c ium ( Ca ) --- --- ------ --- ------ --- 5 6 Selenium (Se) -------------------- ND(0.01)
Ma gn es ium ( Mg ) ---------------------- 3 Zine (Zn ) ------------------------ N D ( 0 . 0 L )SChloride (Cl)-----------------------30 Uranium (U 0 ~~~~~~~~~~~~~~~~~~~

38Sulfate ( S0 ) - - - -- --- --- --- ------ --- 8 0 7 Conductivity, micromhos @ 68 F. -- 18003
Ca rbona t e (CO ) --------------------- 2 4 Total alkalinity as CACO3 ~--~~~~~

3Bicarbonate (ECO Total hardness as CACOpH , u n i t s ------ 3 ) ------------------ 8 5 ---~~~~~~~

3--------------------8.4

D

Radium-226, pCi/1 -------------------------------------------------------------- 17.2fl.1

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

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

.
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.
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CHEMICAL & GEOLOGICAL l_ABORATORIESg
- -

P. C. Bix 2794
.

Casper, Wyoming

ANALYTICAL REPORT

DFrom . 0PI-Wester.n Joint ,ygntur,e... .. Product.. W.. a.t.er., . .

Addr;ss.. .. Casper.... Wyoming..
.. ..Date.. . . August.16,.19.7 9.. . ..

Cnher Partinent Data . . .. . .

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

,

B nalyzed by.. ..KCM , . JM , . SS , . LG ,.. DD ..GH . Date.. . 0ctober. 3, .1979.. . Lab No.. .31800-3A

.

WATER ANALYSISp
,

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

Sample taken August 5, 1979 *

3
.

mg/l mg/l

Total dissolved solids (calc. ) ------ 2857 Ammonia (as N) ------------------- 0.21
D Total dissolved solids (obs . ) ------- 2 84 2 Iron (Fe) ------------------------ 0.01

Sodium (Na) (calc.) -------- -------- 834 Lead (Pb) ------------------------ ND(0.05)
Scdium (Na) (obs.) ------------------ 841 Nitrate (as N) -------------- ---- 0.04
Potassium (K) ----------------------- 19 Nitrite (as N ) -------------------- ND ( 0. 01)
Ca lc ium ( Ca ) - ------------ --- --------- 112 Selenium ( Se ) --- ---------------- ND( 0. 01)
Magn e s ium ( Mg ) ----------------- ----- 4 0 Zin e ( Zn ) ------ -- ------ ------- -- - ND ( 0 . 01 )

D Chloride (Cl) ----------------------- 394 Uranium (U 0 -------------~----- 2.7038
Sulfate (S0 ) ----------------------- 1122 Conductivity, micromhos @ 68 F. -- 38503
Carbona t e (CO ) --------------------- 0 Total alkalinity as CACO -------- 5603 3Bicarbonate (HCO ------------------683 M al haMness as Ca Q --~~~~~~~~ 444
pH, units ------3 3

--------------------7.8
,

D

Radium-226, pCi/1 --------------------------------- ---------------------------- 182.634.4

ND = Not detected at level given in parentheses. Radiochemical t.ests by Core Laboratories,
Albuquerque, New Mexico.

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

CHEMICAL f. GEOLOGICAL LAB 0FATORIES
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.
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CHEMICAL & GEOLOGICAL LABORATORIES-

D
.-

* P. C. B x 2794
.

Casper, Wyoming

ANALYTICAL REPORT

DFr:m.. OPI-We st ern,, Joint,,ye ntur,e..
. .. Product.. ..W.a t.cr..

Address.. ..Ca sp.er. ...Wy.oming.. ..Date.. . .Augus t.16, .19.7 9..

Oth:;r Pzrtinent Data . . . - - -- -

.. . .. . . . - -

yAnitynd by.. ..KCM , . .JM , . SS , .. LG ,.. DD ...GH . Date.. . 0ctober. 3, .s1979. ., Lab No.. .31800-4.

|

WATER ANALYSIS

Bison Basin, Fremont Co., Wyoming
303-6-P31

Sample taken August 5, 1979

mg/l mg/l -

|

' Total dissolved solids (calc.) ------ 3245 Ammonia (as N) ------------------- 0.19
Total dissolved solids (obs.) ------- 3282 Iron (Fe) ------------------------ 0.01
Sodium (Na) (calc.) -------------- -- 1026 Lead (Pb) -------------------- --- ND(0.05)

i Sodium (Na) (obs.) ------------------ 1146 Nitrat e (as N ) ----------------- - 0.10
Potassium (K) ----------------------- 20 Nitrite (as N) ------------------- 0.04

i Calcium (Ca) -- --------------------- 112 Selenium ( Sc ) -------------------- ND( 0. 01)
Ma gne s ium ( Mg ) -- ------------------- -- 21 Zin c ( Zn ) ---- -- -------- --------- - N D ( 0 . 01 )

) Chloride (Cl) - --------------------- 590 Uranium (U 0 ~~~~~~~~~~~~~~~~~~~1*38Sul fa t e ( SO ) ----------- ------------ 1067 Conductivity, micromhos @ 68 P. -- 4350u
j Carbona t e (C O ) ------ ------ -------- 0 Total alkalinity as CACO ~~~~~~~~3 3Bicarbonate (HCO ) ------------------ 830 Total hardness as CACO ~ ~ ~ ~ ~ ~ ~ ~ ~

3 3
pH, units --------------------------- 7.6

) =

' Ra d i um - 2 2 6 , p C i / l - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - -- -- - - - - - - - 8 3 4 . 4 9 .1

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 6 GEOLOGICAL LABORATORIES

) OP).WEc,Tro'! .tO!*:T VFNTURE
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,' CHEMICAL & GEOLOGICAL LABORATORIES)
P. O. Box 2794. .

Casper, Wyoming

ANALYTICAL REPORT

) From.. . .0.PI.. ..Uestecn... Join.t...Ventute.. . .. Product.. ..Uater.. .
. . . . . . .

S P.tember 6, 1979 .Addrass.. . ..Caspet,,,, Uyomin9..
. ..Date . R ,.

Othtr Pertinent Data . . . . . . . . . . . . . . -

. . . .. . . . .. .

) Analyzed by.. ..l G, L.B.,..SS., JM.. Date.. 39P.t. 17, 1977 Lab No.. . 31371-1
..

UATER ANALYSIS

3 -

' 303-6-P7
Sample taken September 5, 1979

_mg/1.- mg/l
)

Total dissolved solids { calculated} - 135b Ammonia {as N} ---- - --- --- --- -- - 0 . b 2
Total dissolved solids { observed} --- 1372 Iron {Fe} --- ---- 0 01- - - - - - - - - - - -

Sodium {Na} { calculated} - - - - - - - 394 Lead {Pb} ------------ N D { 0 05}- - - - -

434 Nitrate {as ta ----- -- -- 0 02Sodium {fla} { observed} - - - - - - - - - -

) Potassium {K} ---------------------1G Nitrite {as to ------ - ---- ND {0 01}
--- 35 Selenium {Se} ------ ---- ND{0 01}Calcium {Ca} ------=-

-- 9 Zinc {Zn} - -- - --- - --- ----- - - - -- - 0 0bMagnesium {Mg} ~ ~ - - - - - - - - - -

Chloride {Cl} - - - - - - - - - - - - - - - - = 26 Uranium {U 0a} --------- 0 0033
Sulfate {S0y} - - - - - - - - - - - - - - - 816 Conductivity, micrombos at 680 F. - 1725
Carbonate {C0 } ---------------6 Total al!< alinity as CACO 3 -------- 1103

) Bicarbonate {HCO } -- ------ 61 Total hardness as CACO 3 -------- 1253
pH, units - - - - - - ----- 9 2

~

Radium-226, pCi/1 -- - - - - - - - - - - - - - - -
- = - ------- 2 0320 3s

) Radiochemical tests by Ecology Audits, Inc., Casper, Wyoming.
'Not detected at level given in parentheses.ND =

Above tests were made in accordance with Standard Methods, 14th. Edition, 1975, ASTM, U00,
_

and AEC methods.

) CHEMICAL AND GEOLOGICAL LABORATORIES

10 :
J %%-- .)

C. E. Davis

. OPI WESTERN JOINT VENTURE

OCT 3 01979)
.
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CHEMICAL & GEOLOGICAL LABORATORIES.

P. O. Box 2794*

Casper, Wyoming

ANALYTICAL REPORT

From . ..0.PI.. .. Western.. Joi.n.t..Ven.ture.. . . .. Product.. ..Uatec.. . ... .. . ... .
.

... .. .. ..Date.. ...S.eptg.m.bec..hnM.D.. . ...(aspec,, ..Uy.p.mi 9.. .OAddress.. . . . . . .,
'

. . . - -

Other Partinent Data . . .. . .. . ... . ...

, . . . . . . . . . . . . . . . . . . . . . - - ..

) Analyzzd by.. ..LG.t.LB, SS, JM... . Date.. . Sept . 17.3..l'179 tab No.. 31971-2....

t-

UATER ANALYSIS)
| 303-b-P1b
| Sample taken September 5, 1979

ij mg/l mg/l

Total dissolved solids { calculated} - 12 % Ammonia {as tD --- 0 44
- -- -- 0 01Total dissolved solids { observed} --- 1350 Iron {Fe} - - - - - -

387 Lead {Pb} --- - - - - ----- ND{0 05};Sodium {fla} { calculated} ---------
,

Sodium {fla} { observed} ------------- 417 Nitrate {as ta --= ----- --- 0 02

Potassium {K} -- - - - - - - - - - - - 9 Nitrite {as to -- -- - -- ND{0 01}:

Calcium {Ca} - - - -- ------ 3 8 Selenium {Se}: - ---- ND{0 01}:

------- - -- 1 Zinc {Zn} - -- - - ND{0 01}Magnesium {Mg}
{U 0g} -- - ----- 0 003

Chloride {Cl} - - - -- - - - 30 Uranium 3
- - - - - - - - - 759 Conductivity, micrombos at 680 F. - 1725Sulfate { Soy}

- - - - - - - - - - - - - 12 Total alkalinity as CACO 3 - - 120Carbonate {C0 }3
Bicarbonate {HCO } -- - ------1 Total hardness as CACO 3 --- ----- 993 -- --- --- -- - --- 8 5

|- .pH, units
"

Radium-226, pCi/1 -

- - - - - - - - - - - - - - - - - - = - - - ----- 7 17 0 52
,

I

h Radiochemical tests by Ecology Audits, Inc., Casper, Wyoming.
'

Not detected at level given in parentheses.ND =

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

| OErkICAL AND GEOLOGICAL LABORATORIES
|

)
! C. E. Davis OPl. WESTERN JOINT VENTURE,

OCT 3 01979
. .

_. _ . _
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3 CHEMICAL & GEOLOGICAL LABORATORIES.

,

P. O. Box 2794.

Casper, Wyoming

ANALYTICAL REPORT

From . . . .0.N..T..Ueste.rn,, Joint...Ven.tucq.. . .. Product.. ..Uatec.. . .. . . . . . .-

Addrcss.. ..{aspec,i .,Uyo.miO9.. . . . ..Date.. . . . . ..Sep.tembec..b.1.132.5.. . .. .. . . . -
-

Othzr Pertinent Data . .. . ... . . . . . . . . . . . . . . . . . . . - - -
.

. . . . -

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

) Analyzed by.. ..LG, LB., .SS, JM- . Date.. - .. Sept- .17,.1974ab No... 31971-3....

UATER ANALYSIS
)' .

303-L-P19
Sample taken September 5, 1979

mg/l mg/l
)

Total dissolved solids { calculated} - 1334 Ammonia {as N} -- ------ 0 4 4
-- -- ---- 0 01Total dissolved solids { observed} - - 1918 Iron {Fe} - - - - -

Sodium {Na} { calculated} ---------- 4 07 Lead {Pb} = ND{0 0S}-
{Na} { observed} -- 434 Nitrate {as ta - -- 0 04

) SodiumPotassium {K} --- --------- 10 Nitrite {as N} -- - - - ND{0 01}'

Calcium {Ca} -- ---- ----- 26 Selenium {Se} =-- ND{0 01}

-5 Zinc {Zn} - - - - ND{0 01}Magnesium {Mg} - - - - - - - - -

{U 0a} ------ --- 0 008
Chloride {Cl} =- -- -28 Uranium 3
Sulfate {S0g} -- -- 774 Conductivity, micromhos at 680 F. - 1800

- - - - - - - -= 24 Total alkalinity as CACO 3 --- 140
,Carbonate {C0 }3

) Bicarbonate {HCO } -- 1 Total hardness as CACO 3 '----- 86
3 pH, units ---- ------- 8 6

Radium-226, pCi/1 -- - 99806%

3 Radiochemical tests by Ecology Audits, Inc., Casper, Uyoming.
. >

Not detected at level given in parentheses.ND =

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

D -

CHEMICAL AND GEOLOGICAL LABORATORIES

.

W -

<J ;
1

C. E. Davis J

OPl. WESTERN JOINy VENTURg

00T 3 01979 |

. _ - _ - - - ._ -__ J
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) CHEMICAL & GEOLOGICAL LABORATORIES' '
,

/P. C. Box 2794 ,,

Casper, Wyoming

ANALYTICAL REPORT

) From . . . .0P.I.. .. Western... Join.t.. Veo.tur.Q.. .. Product.. ..Uatec.. . . . . . .
.

Addrsss.. . ..(aspet,3 .pygmin9..
. . . . ..Date.. ..Septembec,,b.,. .]S,3.. . ._ ..

Othir P1rtinent Data.. . . . . . . . . .
. . .... ... . . . .

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

1 Date.. . Sept..173.1979 Lab No.. . 31971--4..) Analyztd by.. ..l6 ...LB.,.. SS, JN
_

UATER ANALYSIS .

)
303-6-P22

Sample taken September 5, 1979

mg/l mg/l

Total dissolved solids { calculated} - 1148 Ammonia {as*N} --- - - - 0 41
-- 0 01Total dissolved solids { observed} --- 1192 Iron {Fe} -------------- -

34b Lead {Pb} ------------------ N D { 0 0 5}Sodium {Na} { calculated} - - - - - - - - - -

Sodium {Na} fobserved} -- ---- 379 Nitrate {as ta -- - -------- 0 03
- - - - - - - - - - - - - - - - - - 9 Nitrite {as to ------ =-- ND{0 01}) Potassium {K}

Calcium {Ca} ---- - - - - -- ---- 47 Selenium {Se} ---------------- N D { 0 01}
Magnesium {Mg} - ----- 2 Zinc {Zn} - --- = ---- 0 01

{U 0a} ------------ 0 10 5Chloride {Cl} - - - -
- -- 68 Uranium 3

Sulfate {S0y} - = - - - -- = 532 Conductivity, micromhos at 680 F. - 1725
"10 Total alkalinity as CACO 3{C0 1

) Carbonate
-~~-~~

- - - - =

3
----- 1 693 Total hardness as CACO 3Bicarbonate {HCO } - - - - - - - - - - - - - -

3 79pH, units - - - - - - - - - - - - - - -

'

-- - - - - 1 9420 26Radium-226, pCi/1 --- - - - - - - - - - - - - - - - =

jRadiochemicaltestsbyEcologyAudits,Inc., Casper, Uyoming.
>

Not detected at level given in parentheses.ND =

Above tests were made in accordance with Standard Methods, 14th. Edition, 1975, ASTM, UQO,
_

and AEC methods.

) CHE[1ICAL ANDr OGIC LABORATORIES

. .

)
C C Davis

OPlayESTERN JolNT VENyugg
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3 ,' CHEMICAL & GEOLOGICAL l_ABORATORIES
'

P. O. Box 2794-

Casper, Wyoming

ANALYTICAL REPORT

D
From . . ..0PI,.. ..Uesterg ,,Joi.0t..ygn.ture.. . ..Produst.. . ..Uatec.. . . . . . . . . . .

i Addr2ss., . . .. Casper,, Uyomin3.. . .. . .. ..Date.. .
..Sep,tpmbef',,,h,3,,1.S?$,, , , , ,, . . . .

,,

| Oth:r Pertinent Data . . . . . .. . . . . . . . . . ... . -

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

,,, ,,,
, , , , ,, , ,,

...... . . . . . . . . . . . . . . . . . , , ,,

. SOP.t 17 ,,,137. lab No...ll.571-5) Analyzed by....L6 ... B, SS, Jf1- . Date..L . . . .. 7
1

|

UATER ANALYSIS

~

-303-b-P31
Sample taken September 5, 1979

|

l

j mg/l mg/l1

ND{0 01}Total dissolved solids { calculated} - 72 Ammonia {as N} ---------------

-------- 0 01Total dissolved solids { observed} - 85 Iron {Fe} - - - - - =

27 Lead {Pb} - - - - ------------ = - - - - - ND{0 05}Sodium {fla} { calculated} - - - - - - -

0 0423 tJitrate {as to ---------Sodium {fla} fobserved} =---
- - - - - - - - - -

3 - - --- 1 Nitrite {as to ------- ---- --- ND {0 01}Potassium {K} - - - - - - - - - - -

Calcium {Ca} -- --------------2 Selenium {Se} ------- -------- N D { 0 01}
0 Zinc {Zn} - - - - - - - - -------- 0 01Magnesium {flg} -- - - - - - - - - - - - - - - - --

0 01124 Uranium {U 0a}Chloride {Cl}
- - - - - - - - - - - - -

3------------- --------

0 Conde( tivity, micrombos at 680 F. 115
Sulfate {S0y} --

- - - - - - - - - - -

------ 31
] Carbonate {C0 }

-----------------0 Total alkalinity as CaC633
--------- 5

| Bicarbonate {HCO } - - - - '----- 37 Total hardness as CACO 33 - - ---- --- - --- -- 7 0
| p% units
i

5 0510.51
| Radium-22bi pCi/1 --- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --=- -----

|

) Radiochemical tests by Ecology Audits, Inc., Casper, Wyoming.
3

Not detected at level given in parentheses.ND =

Above tests were made in accordance uith Standard Methods,14th. Editi on,1975, ASTM, U.70,_

| and AEC methods.)
| CHEMICAL AND GEOLOGICAL LABORATORIES

\ .

b
| C. E. Davis

OPl-WESTERN JOINT VENTURE

OCT 3 01979
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a CHEMICAL & GEOLOGICAL l ABORATORIES- *

,

P. C. B:x 2794
,

Casper, Wyorning

ANALYTICAL REPORT

krrm -OPJ-Ues t erp. . .do i n.t ..Vep.tuce.. ..Preduct.. . Ua t er. ..

Addr:ss . .. Casper,y. .Uyp. min 9..
. ..Date.. 0ctgb.er 53.1975.. , . .. .

Oth;r P:rtinent Data .
- -

. -- -

. . .

October 30, 1979 . Lab No. 3 70-1pnalyz d by.. .DD, LGy. GH, DD . Date .
- --

- _ _ _ _ -

UATER ANALYSIS

Uyoming
; 303-b-P-7

Sample received October 5, 1979

mq/1 mq/1

S Total dissolved solids { calc.} --- 1383 Boron {B} --------------- -- --- N D { 1 0}

Total dissolved solids {obs.} ---- 1958 Barium {Ba} --------- --------- N D { 0 0 5}
Conductivity, micrombos at 68 F. - 1725 Cadmium {Cd} ---- --------------- - ND { 0 002}

------ 120 Chromium {Cr} -- ------------- N D { 0 01 }Total alkalinity as CACO 3
----~~--- 101 Copper {Cu} ----- -- ------------ N D { 0 01 }Total hardness as CACO 3

Sodium {Na} { calc.} -------- ----- 4 14 Fluoride {F} - --- - - --- ----- 0 91

8 Sodium {Na} {obs.} -- -- - ------ 4 3 6 Iron {Fe} { Total} ----- ---- - - -- 0 01
Potassium {K} ----------------8 Lead {Pb} ---------------- - -- N D { 0 0 5}
Calcium {Ca} -----------------37 Manganese {Mn} --------- ---- N D { 0 01 }

----------------2 Hercury {Hg} -- ----- ----- ND {0 001}Magnesium {Mg>
Chloride {Cl} - ---- --- - -- - - - - 3 0 Nickel {Ni} ------------------ N D { 0 04 }

-- ----- --- ---- -- 8 2 6 Nitrate {as N} ' -- ----- - - - ------ 0 01g Sulfate {S0y}
Carbonate {CO } ------------24 Nitrite {as N} ------ ------- - .0 02

3
Bicarbonate {HCO } 5 Seienium {Se} --- ------------- f J D { 0 01 }- - ~ ~ - - - - - - -

3
phi units ------------------8.b . Zinc {Zn} -- - - - ----- -- -- -- - - - 0 0 7
Aluminum {A1} ---------------- ND{0 05} Molybdenum {Mo} ------ !!D{0 05}----

2
- ND{0 05}----------------- ND{0 10} Vanadium {V 0 }Ammonia {N} ------------------ f1D{0 01} Uranium {U 0gh -- -- - -- ND{0 001}p Arsenic O s} 3
--- - -

Radium-22b, pCi/1 -----------------------------------------------------270124
Thorium-230, pCi/1 ----------------------------------------------------120531

ND = Not detected at 1cvel given in parentheses. Radiochemical by EAI, Casper, Uyoming.

.. Above tests were made in accordance with Standard Methods,14th. Edition,1975, ASTM,
UC0 and AEC methods.

CHEMICAL & GEOLOGICAL LABORATORIES OPAWESTERN JOINT VENTURE

UN14193Qf g

C. E. Davis .

.

.
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j CHEMICAL, & GEOLOGICAL LABORATORIES
' "

. .

P. O. Brx 2794*

|. Casper, Wyoming

ANALYTICAL REPORT .

hrom . ..0PI-Ues. tern... Join.t..Ven.ture.. . . .. .. Product.. .. Uatec.. . . . . . . . . . . . . .
.

t 'lD., , ,, ,
.

.. . ..Dat e.. . .
. Octgbec.5 l

l Addt:ss.. ... Casper. Wyomigg.. . . . . . . .

, , . . , , , . .

. .
,., . , , , , , , . . , , , , , , , , , , . . . . , . ,

!Other Pertinent Data
. . . . . . . . . . . . . . . . . . . . .. . . . . . . . . .. . . . .

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

October 30, Iri79 .. lab No. 32270-2...
; -.- - . .

pafyred by.. ...MD' LG, GHi DD ... .
Date..

.

- .

'

UATER ANALYSIS _ ,

Uyoming
*

) 303-b-P-16

|
Sample received October 5, I'l?9

mg/l
l mg/l ,

bTotaldissolvedsolids{ calc.} --- 1355 Boron {8} --- ND{1 0}
Total dissolved solids {obs.} - -- 1442 Barium {Ba} == ND{0 05}

Conductivity, micrombos at 68 F. - 1615 Cadmium {Cd} - -- ND{0 002}

Total alkalinity as CACO 3 --- 10 Gromium {Cr} - - - - - ND{0 01}
----- ND{0 01}100 Copper {Cu}Total hardness as CACO 3 _ -

- - - - - - -- 408 Fluoride {F} - - 1 03
) Sodium {Na} { calc.}

,

--- 433 Iron {Fe} { Total} =- -- - - 0 01
Socium {Na} {obs.} ----

7 Lead {Pb} --
-- -- ND{D 05}

Potassium {K} - - - - - - -

ND{0 01}
--= -- - 30 Manganese {Mn}Calcium {Ca}

Magnesium {Mg} -

--- b Mercury {Hg} --
--- ND{0 001}

Chloride {Cl} -
28 Nickel {Ni} -- - --- ND{0 04}

- ND{0 01}804 Nitrate {as N} - -

Sulfate {S0y}
) Carbonate {C0 }---- 0 Nitrite {as N} ' ---- tJD{0 01}

--
- - - ,0 02

-- -

3 -~N Selenium {Se}Bicarbonate {HCO } --= - ND{0 01}3 0 Zinc {Zn}pH, units - --- =
- - - - - - - - - - -

--- ND{0 05}ND{0 05} Molybdenum IMo} --- ---

Aluminum {A1} -- =-

Ammonia {N} -

= - - - - - = ND{010} Vanadium {V 0 } - -- ND{0 05}
2 ND{0 001}

Uranium {U0ah - - - - ---"
) Arsenic {As} 3-- - - - -

I
------ = - - - - - - =----- b.92 0 '13

! Radium-226, pCi/1 ' -----141953
---

Thorium-230, pCi/1
--

--- -
- - -

-

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

Above tests were made in accordance with Standard Methods _, 14th. Editioni 1975, ASTM,
WC0 and AEC cethods.

.

-

! OEnICAL & GEOLOGICAL 1.ABORATORIES

OPI. WESTERN JOINT VENTURE
.

.
JAN 141980

C. E. Davis ,
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.
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CHEMICAL & GEOLOGICAL LABORATvRIES- -g
P. O. B:x 2794*

.

Casper, Wyoming ,.

ANALYTICAL REPORT

b ,
. 0PI-Uestern . Joint... yen.tuce.. .. Product.. . Ua ter... ..

.

..{ asper, ,, Uyomin9. . . . ..Date.. . .
Octgber.5s12.9.. . .

,Addr;;ss .
. . -

. .. . . . . ..... .. . . .O:her P;rtinent Data
'

. Lab No. 3227E-3October 30, 1979
gnalyzed by.. . D LG, GHi DD. cate .

.

__

,-

UATER ANALYSIS _

Wyoming
*

,

303-6-P-1"._) -

Sample received October 5, 1979
.

mq/1mq/1

J Total dissolved solids { calc.} -- lb32 Boron {B} ----- - ND{1 0}
Total dissolved solids {cbs.} - -- 1560 Barium {Ba} = -------- ND {0 05}

Conductivity, micromhos at 66 F. - 1900 Cadmium {Cd} -- -------- ND{0 002}U

Total alkalinity as CACO 3 -- 101 Chromium {Cr} - ----- ND{0. Olt
=- --- ND{0 01}

Total hardness as CACO 3 - -- 113 Copper {Cu}-

488 Fluoride {F} - -------- 0 70Sodium {Na} { calc.} - --

500 Iron {Fe} { Total} - --- 0 01
0 Sodium {Na} {cbs.} --

---- ND{0 05}
Potassium {K} - 9 Lead {Pb} --

----- ND{0 01}32 Manganese {Mn}Calcium {Ca} --
-

8 Mercury {Hg} - --
--- ND{0 00l}

Magnesium {Mg} =-

Chloride {Cl} -- - 22 Nickel {Ni} -
--- ND{D.04}
--- 0 03

g Sulfate {S0q} - -- 1013 Nitrate {as to '-
12 Nitrite {as fG - - - - ----- - , ND {0 01}

Carbonate {CO } ---

3 96 Selenium {Se} -----_ ND{0 01}
Bicarbonate {HCO } ----

3 00 ----- ND {0. Ol }
phi units -- - . Zinc {Zn}

------ ND{0 05}
Aluminum {Al} -- ND{0 05} Molybdenum {Mo}

ND{010} Vanadium {V 0 } ----- ND{0 05}
Ammonia {N} --- - 2 ND{0 001}ND{0.Ol} Uranium {U 0gf ---

3D Arsenic {As} - - - - -

-- - ----- 15 6 1. 7Radium-22L, pCi/1
Ticrium-230, pCi/1 -

-- - - - - - --2212.85
~

.

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

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

CHEMICAL & GEOLOGICAL LABORATORIES

D 'O, OPl. WESTERN JOINT VENTURE

<' / JAff 141330

C. E. Davis

.



.

r -

.

CHEMICAL & GEOLOGICAL LABORATvRIES. .,
P. O. B:x 2794-

Casper, Wyoming
*

ANALYTICAL REPORT

prom ...@I-Uestern .. Joint.. Ventute.. .. Product.. ..Ua t ec.. --

Addt;ss.. ...Caspers. Uyomin9.. _ D ate.. . 0 CME _h_W1 . .
. .

Other Pcrtinent Data . . .. . -- -

. . . . . . . . . . - -

pafynd by.. .pD, t.G, GHi DD Date.. . October 30, 1979 . Lab No. 32270-4
. .

UATER ANALYSIS
Uyoming *

g 303-L-P-22
Sample received October 5, 1979 '

mg/l mq/1

) Total dissolved solids { calc.} --- 1527 Boron {B} -- == - - - - - - - - - ND{1 0}.
Total dissolved solids {cbs.} ---- 1976 Barium {Ba} - - - - ---------- ND{0 05}
Conductivity, micrombos at 68 F. - 1775 Cadmium {Cd} -- - - - - - - - - - - ND{0 002}
Total alkalinity as CACO 3 ------- 131 mromium {Cr} -- = =-------- ND { 0 01}

* Total hardness as CACO 3 --------- 152 Copper {Cu} --------------- -- N D { 0 01 }
Sodium {Na} { calc.} --- ------- -- 4 4 2 Fluoride.{F} - - - - - - - - - - - - - - - - - 0 87

9 Sodium (Na} {obs.} -- -- - -------- 4 71 Iron {Fe} { Total} - - - - - - - - - - - - - 0 01
Potassium {K} ----- -----------8 Lead {Pb} ----- - ---------- N D { 0 05}

Calcium {Ca} -- - - - -- --- -- - - - 4 6 Manganese {Mn} - - - - - - - - - - - - - - ND{0 01}
Magnesium {Mg} ---------------9 Mercury {Hg} ND{0 00]}- - - - - - - - - - - - - - - - -

Chloride {Cl} - - - - - - - - - - - - - 30 Nickel {Ni} --

- =- ------- ND{0 04}
Sulfate {S0y} -- --------- --- - 91 4 Nitrate {as N} - - - - - - - - -- 0 03

* Carbonate {CO } --------------0 Nitrite {as tJ} ------------ . N D { 0 01 }3 -

Bicarbonate {HCO } - --- ------- 1 59 Selenium {Se} 'ND{0 01}3
- - - - - - - - - - - - - - -

------------------82 .
------ ----- . N D {0 01 }phi units ---------------- fJD {0 05}. Z inc {Zn} '

Molybdenum {Mo} ND{0 05}Aluminum {A1}
Ammonia {N} ---------------- ND {0 10} Vanadium (V 0 } ND{0 05}25 -- - - -~~--------

D Arsenic {As} ------------- tJD{0 01} Uranium {U 0a} - - - - - - - - - - - - 0 145
3

5 310 83Radium-22b, pCi/1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

- - - - - - - - - - - - - - - - - - = - - - - - - - - - - - - - - : ------ 25 517 9Thorium-230, pCi/1

ND = Not yetected at level given in parentheses. Radiochemical by EAI, Casper, Uyoming. '

,

Above tests were made in acccedance with Standard Methods, 14th. Edition, 1975, ASTM,

UC0 and AEC cethods.

CHEnICAL Z GEOLOGICAL LABORATORIES

Wi WESTERN JolNT VENTURE
- *

' "
JAd 141930

C. E. Davis
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CH EMICs._ & GEOLOGICAL LABORA RIES
, ,

P. Q. B x 2794,

'

Casper, Wyoming*

ANALYTICAL REPORT

pm . . 0fI-U.e. stern., Join.t..Ventute . ..Preduct ..Uatet -

Qddress . .. Casper.,.. Uy.o. min 9..
. . Date.. .pctober.5 .1M.7. .1

,

sth;r Partinent Data - - *
*

n fyz;d by.. Di LGi.GH, DD Date..
0ctober 3d,1979 . Lab No. 32270-5

B _

-

'

. UATER Af1ALYSIS

U omi *

303- -P-'

Sample received October 5, 1979

mq/1 mq/1

)Totaldissolvedsolids{ calc.} --- 780 Baron {B} ------------ ------ --- N D { 1 0}

Total dissolved solids {obs.} --- 522 Barium {Ba} - - - - ------------ fJ D{0 0 5}
Ui Conductivity, micro:r.hos at 66 F. - 1115 Cadmium {Cd} = - - - ---------- TJ D { 0 002}

| Total alkalinity as CACO 3 - - - - - 170 Chromium {Cr} = . -- = = ---- fjD {0 01 }

! Total hardness as CACO 3 ---------- 380 Copper {Cu} ----------------- tJ D { 0 01 }
| Sodium {fla} { calc.} - - - - - - - - - - 143 Fluoride {F} -------------- - 0 6 3

152 Iron {Fe} { Total} ----------- - -- 0 2 4pSodium {tJa} fobs.} - - - - - - - - - -

3 Lead {Pb} ------------ ---- -- f 4 D { 0 0 S}Potassium {K} - - - - - - - - - - - - - - - - -

107 Manganese {Mn} ---- -- - -- --- - -- - 0 1 5' Calcium {Ca} - - - - - - - - - - - - - - - -

10 Mercury {Hg} ----------------- N D { 0 001 }! Magnesium {Mg} - - - - - - - - - - - - - - - -

Sb Nickel {Ni} ------------------ tJ D { 0 0 4 }i Chloride {Cl} --- - - - - - - - - -

359 Ni trate {as i.ry _ ________________ 0 03. Sulfate {S0y} - - - - - - - - - - - - - - - -

) Carbonate {C0} ---------------0 Nitrite {as 10 -------------- .N D { 0 01 }3
07 Selenium {Se} - - - - ------ f J D { 0 01 }| Bicarbonate {HCO } - - - - - - - - - - - -

3 '

phi units ------------------7.b . Zinc {Zn} - - - - - - - ------ .0 03
Aluminum {A1} ----------------- ND{0 05} Molybdenum {ho} --- -------- N D { 0 0 5}

,

Ammonia {N} - - - - - - =-------- ND{0 10} Vanadium {V 0 } ----------- ND {0 05}
2

- - - - - - - - - - - - - 0 05b Uranium {U 03 3 ------------- 0 50 0Arsenic {As}

36414Radium-226, pCi/1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Thorium-230, pCi/1 ----------------------------------------------22623

ND = Not detected at level given in parent heses. Radicchemical by EAI, Casper, Uyoming.

3Above tests ucre made in accordance uith Standard Methods, 14th. Edition, 1975, ASTM,
UC0 and AEC r ethods.

CHEMICAL & GEOLOGICAL LABORATORIES

opt. WESTERN JOINT VENTURE<,) ,

'M JAN 14 ESO
'

C. E. Davis

D .
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CHEMICAL & GEOLOGICAL LABORATORIES
P. O. Ses 2794

Casper, Wyoming

ANALYTICAL REPORT

From CPI Western Joint Venture Pred.,c, L'ater
November' 12, 1979,.Address Cesper, Wyomin9. . Cate

Other Periment Data .._

bec.19,1979 ab No. 32b23-1Analynd by JBs PT, BLI o,,, t.

)
.

L'ATER ANALYSIS

Bison Basin. Wyoming
303 6-P-7

| Iample taken November. 5,1979
6

25n 25n

Total suspeaded solids - a Chromium (Cr) s
*Total dissolved solids (calc.) 194b Copper (Cu) -

Total dissolved solids (obs.) 1350 riuoride (F) - *

Conductivity 0 68*r., microchos -- 1725 Iron (Fe)(total) 0 2b
Total alkalinity as CaC0 - "!D Iron (Te)(dissolved) s

) Total hardness as CACO)-- 424 Manganese (Mn) *
98 Lead (Pb) - ND{0 05}

Sodium (Na) (calc. ) -
*Sodium (Na) (obs.) 459 Mercury (Hg)

Potassium (K) 7 Molybdenum (Mo) - 8

Calcium (Ca) Eb Nickel (Ni) - *
Magnesium (Mg) 8 Nitrate (as N) 0 03
Sulfate (S0 ) 690 Nitrite (as N) ND{0 01}

3
Chloride (CI) 30 Phenols *--) Carbonate (CO ) O Phosphorus (PO ) s-

Bicarbcnate (HCO ) 110 Selenium (Se) 4 ND(0 01}3

3
pH, units 79

Silver (Ag)2) -- *
Silica (510 *

Aluminum (A1) ~ *

A=nonia (as N) ND{D 1} Sulfide (S) . s
'

Arsenic (As) ND{0 01} Zine (2n) - 0 07
Boron (B) s vanadiu:n (V 0 ) *~

5
Barium (Ba) Uranium (0 y 0 05L

Eh,milliv$$s) Beryllium (Be) : a

Turbidity (JTU's) *Bromide (Br) :

oil and trease (Treon Method) - aCation-Anica Balance ---- s

Cadmium (Cd) Chemical Oxygen Demand (COD) - a
Cyantde (CN) *

,

Radium-226, pC1/1 5.2420 55
Cross Alpha, pCi/l ---- *-

Cross Beta, pCi/1 - *~
Thorium-230, pCi/1
Lead-210, pCi/1 s

Polonium-210, pCi/1 - *

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

* = Test not requested.

Above tests were =ade in accordance with Standard Methods, 14th Edition,1975, ASTM, ',QO

and AEC u thods.

- CRDf! CAL & GEOLOGICAL 1ABORATORIES

OC.M/ Ce,,wecrey .CIMTNDe '

wC% ~'

g i ' ''[O
I C. E. tavis

- 773 2 G '.90
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CHEMICAL & GECLOGICAL LABCRATORIES*

P. O. Sea 2794

Casper, Wyoming

ANAL.YTICAL REPORT

From CPI L'estern Joint.. Venture. predoc, Water -

Address Caspers .Uyoming . Dete November. 12, 1979.

Other Pertinent Data

. . . . . .- . . . . . .
-

Analynd by J2. JM, PT, BW Date Dec.19,1979 Lab No. 32623-2

.

WATER ANALYSIS

Bison Basin. Wyoming
303 -P-16

Sample taken November 5, 1979

) mg mg/l

Total suspended solids a Chromiu:s (Cr) *
Total dissolved solids (cale.) -- 1354 Copper (Cu) *

Total dissolved solids (obs.) -- 1310 Fluoride (F) *
Conductivity @ 68'F., micrombos - 1925 Iron (re)(total) - 0 07
Total alkalinity as CaC0 95 Iron (re)(dissolved) *
Total hardness as CaC0 118 Lead (Pb) - ND{0 05}) Sodium (Na) (calc.) 403 Manganese (Mn) *

Sodium (Na) (obs.) 434 Mercury (Hg) *--

Potassium (K) le Molybdenum (Mo) -- *
Calcium (Ca) 34 Nickel (Ni) *

Magnesium (Mg) - 8 Nitrate (as N) 0 02
Sulfate (So ) 617 Nitrite (as N) NDfD.01}t

Chloride (CI) 32 Phenols - a-

. Carbonate (CO ) O Phosphorus (PO - *

Selenium (S.) 4)
3

ND{0 01}Bicarbonate (ECO ) --- 115
3

pH, units 80 Silica (510 *
Silver (Ag)2)Aluminum (A1) * 8

A:;monia (as N) ND{D 1} Sulfide (S) -- *
Arsenic (As) ND{0 01} Zine (In) 0 01
Boron (B) * Vanadium (V 0,) *
Barium (Ba) : Uranium (U 7 0 002

Eh, milliv$ $s -- Beryllium (Be) * *
Bromide (Br) : Turbidity (JTU's)
Cation-Anion Balance
Cadmium (Cd)

~
* Oil and grease (Freon Method) . s
s Chemical Oxygen Demand (COD) -- *

Cyanide (CN) *
,

Radium-226, pC1/1 5.L820 59-

Cross Alpha, pCi/1 - a

Cross Beta, pC1/1 *
Thorium-230, pCi/1

-

*-- -

Lead-210, pC1/1 --

Polonium-210, pC1/1 ---- :

ND = Not detected at' level given in parentheses. Radiochemical tests by Ecology Audits $ Wyo.

* = iest not requested.

'

Above tests were made in accordance with Standard Methods, 1/.th Edition, 1975, ASTM, WQO
and AEC methods.

1
i

I
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| CHEMICAL & GEOLOGICAL LABORATORIES*

| P. o. ses 794

Casper. w emiasr

ANALYTICAL REPORT

from OPI Uestern Joint Venture. .. . Product water . . . .

Addrm Casper. Wyoming. . . . . . Date . November. 12, 1979...

Other Pert.nent Data ~

. . . . . . - . . . _ . . . . . . . . . . _ . . . .._ . . . _ ,

Anatyred by JM, JB, pts BW Date . Dec.19,1979 Lab No. 32623-3

, .

WATER ANALYSIS a

Bhon Basin, Wyoming
,

303 6-P-19
Sample taken November 5, I'l?9

I

mg/l al.[1_

sTotal suspended solids a Chromium (Cr) ,

Total dissolved solids (cale.) - - 16 % copper (Cu) * '

Total dissolved solids (obs.) --- 1640 Fluoride (F) *

Conductivity 9 68*F., micrombos - 1825 Iron (re)(total) 0 08
Total alkalinity as CaC0 77 Iron (Fe)(dissolved) *

3Total hardness as CaC0 127 Lead (Pb) ND{0 05}) -

sodium (Na) (calc.) -- -- 488 Manganese (Mn) a- -

Sodium (Na) (obs.) 508 Mercury (l!g) :

Potassiu:s (K) 10 Molybdenum (Mo) -- *
Calcium (Ca) -- 34 Nickel (Ni) s-

Magnesium (Mg) 12 Nitrate (as N) 0 01
sulfate (50 1075 Nitrite (as N) ND(0.JAJ
Chloride (CI)---) 24 Phenols :

Carbonate (C0 ) O Phosphorus (?O ) a
3

Bicarbonate (ECO ) 93 seleniu:s (se) 4 ND(0 01}
pH, units -3 80 silica (510.) *--

Aluminum (A1) * silver (Ag)' *

A=monia (as N) =- ND{0.l} Sulfide (s) *
*

ND{0 01} Zine (2n) 0 02Arsenic (As) -

Boron (B) - * Vanadium (V O ) sg
Barium (Ba) - * Uranium (U 7 00%

Eh,milliv$$s * IBeryllium (Be) - - *--

- Bronide (Br) * Turbidity (JTU's) *-

Cation-Anion Balance * 011 and grease (Treon Method) - *+

Cadstum (Cd) * Chemical Oxygen Demand (COD) - a
Cyanide (CN) *

Radium-226, pci/1 14 120 83
Cross Alpha, pCi/1 *
Cross Beta, pC1/1 - 's
Thorium-230, pC1/1 *--- ~~

Lead-210, pCi/1 - --- - *

Polonius-210, pCi/1 ---- *

] FD = Not detee'ted at' level given in parentheses. Radiochemical tests by Ecology Audi+.s Wyo.

* = Test not req"rsted.

Above tests were made in_accordance with standard Methods, 14th Edition, 1975, ASTM, WQO
and AEC cethods.

CHD!ICAL & CE0 LOGICAL LABCRATORIES
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CHEMICAL & GEOLOGICAL LABORATORIES,

P. O. Bet 2794

| Casper, w emia,r

ANALYTICAL REPORT

rrom OPI Uestern Joint. Venture . Product Water
Address Caspers Wyoming. Date Novem ;er* 12, 1979.

Other Pertinent Data . ~ . .

Analynd by Jf1, JB, PT, BU oat. Dec.19,1979 Lab No. 32623-4
.

- WATER ANALYSIS .

Bison Basin, Wyoming
303 6-P-22

Sample taken fJovember 5 1979
,

} mg/l mM
Total suspended solids * Chromium (Cr) *
Total dissolved solids (cale.) lbul. Copper (Cu) *

Tota 1 ' dissolved solids (obs.) 1530 Fluoride (F) *
Conductivity @ 68*F., microzhos - 1775 Iron (Fe)(total) - 0 05
Tctal alkalinity as CaC0 134 Iron (Fe)(dissolved) *
Total hardness as CACO 168 Lead (Pb) - - f4D{0 05}--,

3
Sodium (Na) (cale.) 460 Manganese (Mn) - *---

Sodium (Na) (obs.) 508 Mercury (Hg) *
Potassium (K) & Molybdenum (Mo) :

Calcium (Ca) 47 Nickel (Ni) ---- *
Magnesium (Mg) 12 Nitrate (as N) 0 03
Sulfate (50 ) 944 Nitrite (as N) ND{0 01}
Chloride (CI)- 52 Phenols *

Carbonate (CO ) O Phosphorus (PO ) s3

} Bicarbonate (HCO ) 163 Selenium (Se) 4 f4D{0 01}3
pH, units 79 Silica (SiO ) :

Aluminum (Al) Silver (Ag)2 *
A=nonia (as N) ND{0 1} Sulfide (S) *

Arsenic (As) ------ fdD{0 01} Zine (Zn) 0 01
Baron (B) : Vanadium (V 0,) *
Barium (Ba) * Uranium (U 1 - 0 115

Eh,milliv$$sBeryllium (Be) : *
] Bromide (Br) : Turbidity (JTU's) :

Cation-Anion Balance ------- * 011 and grease (Freon Method) . s
Cadmium (Cd) Chemical Oxygen Demand (COD) - *
Cyanide (CN) *

] Radium-226, pCi/1 -- - 11 8 0 86
Cross Alpha, pCi/1 s
Cross Beta, pCi/1 *--

Thorium-230, pC1/1 =-- :

Lead-210, pC1/1 -

Polonium-210, pC1/1 --

ND = Not detected at level given in parentheses. Radioche:nical tests by Ecology Auditsi Uyo.
-

* = Test not requested.

Above tests were made in accordance with Standard Methods, 14th Edition, 1975, ASTM, VQO
and AEC cethods.
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CHEMICAL & GEOLOGICAL LABORATORIES.

P. O. Ses 2794

Casper, Wyoming

ANALYTICAL REPORT

) from CPI Western Joint.,Venttre. Produc, Water .
November 12, 1979

Address (asper. Uyoming Daw

Other Pertinent Osta - --

~'

Jr1, B, PT, BW Dec.19,5,979 32bE3-5o,,, Lab No.Analyzed by

) *

VATER ANALYSIS

Bison Basini Wyoming
303 6-P-31

Sample taken November Si 1979.

.

) mg/l ma/l

Total suspended solids - a Chromium (Cr) *

Total dissolved solids (calc.) 1307 Cop;er (Cu) *

Total dissolved solids (cbs.) 1340 Fluoride (F)
Conductivity 9 68'F., micrombos - 1700 Iron (Fe)(tor'.1) 1 30
Total alkalinity as CACO 199 Iron (Fe)(dissolved) :

3Total hardness as CaC0 550 Lead (Pb) ND{0 05}

} Sodium (Na) (cale.) - 217 Manganese (Ma) e

Sodium (Na) (obs.) 238 Mercury (Hg) s
Potassium (K) 3 Molybdenum (Mo) -- *

Calcium (Ca) 195 Nickel (Ni) s
Magnesium (Mg) 15 Nitrate (as N) 0 02
Sulfate (So ) 675 Nitrite (as N) ND{0 01}t

Chloride (CI) 84 Phenols a

Carbonate (CO ) O Phosphorus (PJ ) s
3

} Bicarbonate (BC0 ) 242 Selenium (Se) g ND{0 01}
3

pH, units 74 Silica (SiO ) *

Silver (Ag)2Aluminum (A1) : -

A=monia (as N) ND{0 1} Sulfide (5) -- a
Arsenic (As) 0 02 zine (2n) 0 08
Boron (B) Vanadium (V 0 ) *

Barium (Ba) - --- : Uranium (U - 0 590
Eh,milliv3$sBeryllium (Be) -- : s

) Bromide (Br) s Turbidity (JTU's) --- *

Cation-Anion Balance * 011 and grease (Freon Method) - a
Cadnium (Cd) * Chemical Oxygen Demand (COD) --- -

Cyanide (CN)
. .

) Radium-226, pCi/l 451,221- - ~

Cross Alpha, pC1/1 = s
Cross Beta, pC1/1 - a
Thoriub-230, pC1/1 -- *

Lead-210, pC1/1 - - - -

Polonium-210, pCi/l

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

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

CEDtICAL & CE0 LOGICAL IlBORATORIES
'

(['b A CPtWESTER"J!"I)**,.
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CHEMICAt. & GEOLOGICAL LABORATORIES,

P. O. Ses 2794
Casper, Wyoming ;

ANALYTICAL REPORT

h From . Col . . Westar.n Joint 3enttre . . Product . Water..
Address Caspert Wyomin9.. Date . . . _ 12-13-79.,

,,_.. ...

Other Pertinent Data . . . . , . . . . , _ . . . . . . . .

Analyzed by PT, JB, Jf1, BW Date 1-18-80 Lab No. 32875-1

WATER ANAL.YSIS

303-6-P-lb
hmple taken December * 7, 1979

M $
Total suspended solids * Chromium (Cr) * i

Total dissolved sofids (calc.) - 1340 Copper (Cu) *

Total dissolved solids (obs.) 1402 Fluoride (T) - *
Conductivity 9 68'r. , micromhos - 1800 Iron (re)(total) 0 03
Total alkalinity as CACO 1CL Iron (Fe)(dissolved) *3Total hardness as caco M3 h ad (M ) M.E3Sodium (Na) (calc.) 384 Manganese (Mn) *

Sodiu:n (Na) (obs.) 381 Mercury (Eg) *
l Potassium (K) b Molybdenum (Mo) ~ *
5

Calcium (Ca) 44 Nickel (Ni) *
Magnesium (Mg) 8 Nitrate (as N) 0 04
Sulfate (So ) 800 Nitrite (as N) ND{D.Ol}t
Chlorids (Cl) 34 Phenols *
Carbonate (CO ) O Phosphorus (PO *

Selenium (Se) 4)
3

Bicarbonate (HCO ) 129 ND{0 01}3
pH, units 82 Silica (S10 *

Silver (Ag)2)Aluminum (A1) * *
Ammonia (as N) 0.18 Sulfide (S) *
Arsenic (As) ND{0.Ol} Zine (Zn) ND{0.Ol}
Boron (B) * Vanadiu.a (V O ) *
Barium (Ba) * Uranium (U - ND{0 001}Eh,milliv$$sBeryllium (Be) * *

- Bromide (Br) * Turbidity (JTU's) *
Cation-Anion Balance --- * 011 and grease (Freon Method) - *
Cadmium (Cd) * Chemical oxygen Demand (COD) - *
Cyanide (CN) *

Radium-226, pCi/1 8.bt0 7
. Cross Alpha, pCi/l -

*
i Cross Beta, pCi/l *

Thorium-230, pC1/1 *
Lead-210, pCi/1 *
Polonium-210, pCi/1 -- -- *

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

* = Test not requested.

Above tests were made in accordance with Standard Methods, 14th Edition, 1975, ASTM, WQO
.ind AEC r.ethods..

CHNICAL & CECI.0CICAL 1ABCRATORIES
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CHEMICAL & GEOLOGICAL L* BORATORIES.

P. O. Ses 2794 '

Casper, Wyoming

| ANALYTICAL REPORT

) From . OPI - Western Joint. Venti.re . Product . . 'aiate r .,

Address Casper, . Wyoming _.,, . o ,. _12 13-75.. ,,,,,, . . . .

other Perrinent Data

1 18 @.. Lab No. .Analyzed by PT, JB, Jr1, BW oe. 7

. .

VATER ANALYSIS

303-b-P-19
Sample taken December 7, 1979

,

] mg/l m_gl.l.

Total suspended solids : Chromium (Cr) *

Total dissolved soli /s (cale.) 1822 Copper (Cu) - *

Total dissolved solids (obs.) 183b F1 oride (F) *

Conductivity 0 68'F., micrombos -- 2075 Iron (Fe)(total) 0 03
Total alkalinity as tac 0 94 Iron (Fe)(dissolved) *

Total hardness as CACO 185 Lead (Pb) ND{0 05}
3

} Sodiwn (Na) (calc.) 517 Manganese (Mn) :

Sodium (Na) (obs . ) 485 Mercury (Hg) s

Potassiu:n (K) 9 Molybdenum (Mo) *
Calcium (Ca) Sb Nickel (Ni) s

Magnesium (Mg) -- 11 Nitrate (as N) 0 02
Sulfate (S0 ) - 1150 Nitrite (as N) ND{0.Ol}

3
Chloride (Cl) 22 Phenols *

I Carbonate (C0 ) O Phosphorus (PO ) s
3

Bicarbonate (HCO ) 114 Selenium (Se) 4 --- ND{0 01}) 3
pH, units 84 Silica (SiO . s

Silver (Ag)3)- *Aluminum (A1) a

Assonia (as N) 0 30 Sulfide (S) *

| Arsenic (As) ND{0.Ol} - Zine (Zn) ND{0.Ol}
Baron (B) : Vanadium (V 0 ) *

! Barium (Ba) Uranium (U 0@2
Eh,milliv$!sBeryllium (Be) s a

Bromide (Br) : Turbidity (JTU's) a

Cation-Anion Balance * Oil and grease (Freon Method) - a
Cadmium (Cd) Chemical Orygen Demand (COD) - a
Cyanide (CN)

i

|

,

|

] Radium-226, pC1/1 b.btl.8
Cross Alpha, pCi/1 s

;

| Cross Beta, p01/1 *
Thorium-230, pCi/1 - a
Lead-210, pCi/1 ---- *

Polonium-210, pCi/1 *

ND = Not detected at level given in parentheses. Radiochemical tests byEAI, Casper, Wyoming.

; * = Test not requested. .

I
| Above tests were made in accordance with Standard Methods, 14th Edition, 1975, ASIM, WQO
j. and AEC cathods.

I
t

CEIMICAL & CE0 LOGICAL 1ABORATORIES

- , .

| JM'

C. E. Davis
?

-

.

~, , - -- , e



. . .

L . .

* * cu.ss
. +

CHEMICAL & GEOLOGICAL LABORATORIES.

P. O. Ben 2794
i

Casper, Wyoming 8

I
ANALYTICAL REPORT *

From CPI .- hiester r) Joirit .Venttre . . Product .. Wa t e r... ... .

U O"'I"9.. . . . . . Date --l2"13-79Address C8 SP''' ' Y

Other Pertinent Data . . . . . . . . . .

l .....-.. . . . . . . . . . . . . .

EI' dO' dII' OII 1-18-80 32875-3Analyzed by Date. tab No.. .

8' ' WATER AhALYSIS

l

303-6-P-22
Sample taken December- 7, 1979

at/l at/1

Total suspended solids * Chromium (Cr) - s
i Total dissolved solids (calc.) - 1358 Copper (Cu) *
I Total dissolved solijs (obs.) 1422 Fluoride (F) :

Conductivity 9 68'F., micronhos - 2250 Iron (Fe)(total) 0 03
Total alkalinity as CACO 122 Iron (Fe)(dissolved) :

3Total hardness as CaC0 21b Lead (Pb) ND(0 05}

) Sodium (Na) (calc.) 3bl Manganese (Mn) *

Sodium (Na) (obs.) 40b Mercury (Eg) *
Potassium (K) 8 Molybdenum (Mo) - *

Calcium (Ca) b5 Nickel (Ni) s

Magnesium (Mg) 13 Nitrate (as N) ND{0 01}
Sulfate (So ) 790 Nitrite (as N) ND{0 01}g
Chloride (Cl) 48 Phenols a

Carbonate (C0 ) O Phosphorus (PO ) *

) Bicarbonate (dCO) 149 Selenium (Se) 4 ND{0 01}
3

pH, units o.O Silica (510 ) *
Silver (Ag)2Aluminum (Al) * *

Annonia (as N) 0 29 Sulfide (S) *

Arsenic (As) ND{0.Ol} Zine (Zn) ND{0 0l}
Baron (B) * Vanadium (V O ) *

Barium (Ba) * Uranium (U 0 105
Beryllium (Be) * Eh, milliv !s s) Bromide (Br) : Turbidity (JTU's)
Cation-Anion Balance s 011 and grease (Treon Method) - *
Cadmium (Cd) * Chemical Oxygen Demand (COD) - *
Cyanide (CN) *

.

) Radium-225, pC1/1 7.b!D.h
Crcss Alpha, pC1/1 s
Crace Beta, pCi/1 *

Thorium-230, pC1/1 *
l Lead-210, pCi/l *

Polonium-210, pCi/l *

ND = Not detected at level given in parentheses. Radiochemical tests by EAIs Casper *, Llyoming.

* = Test not requested.

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

CEIMICAL & CE0 LOGICAL 1Ah0RATORIES

d4
C. E. Davis
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* CHEMICAL & GEOLOGICAL LABORATORIES
P. O. Sea 2794 .

Casper, Wyoming .

t
ANALYTICAL REPORT

From QPL- Wester n Joint. Venture . .. Product . ._. Water.. . . . . _ . , _

Address C85 Pef'*. Wyoming.. _ 0.,e . .12-13-79
Other Pertinent Date ..

. . . . . . . . . ..

j Analyzed by PT, JBi JM, BW . Oate . 1-18-80.. Lab No. 32875-4

'

WATER ANALYSIS

303-6-P-31
Sample taken Decenber' h 1979

2E/1 Sell
Total suspended solids a Chromium (Cr) s

. Total dissolved solids (cale.) 1361 Copper (Cu) *
| Total dissolved solids (obs.) 1t+20 Fluoride (F) s

Conductivity 0 68'F., micromhos - 1850 Iron (Fe)(total) 1.38
Total alkalinity as CaC0 220 1ron (Fe)(dissolved) *

3Total hardness as CACO 7b5 Lead (Pb) ND{0 05}
3Sodium (Na) (calc.) 172 Manganese (Mn) s..

| Sodium (Na) (obs.) 234 Mercury (Hg) *

| Potassium (K) 3 Molybdenum (Mo) - *
'

CaJeium (Ca) 250 Nickel (Ni) 8

Magnesium (Mg) lie Nitrate (as N) 0 02
Sulfate (50 710 Nitrite (as N) ND{0 0D
Chloride (Ck)) 78 Phenols *

- Carbonate (C0 ) - O Phosphorus (PO ) *
3

Bicarbonate (HCO ) 2b8 Selenium (Se) 4 ND{D.01}
3

I pH, units . 7/1 Silica (SiO ) s
Silver (Ag)2| Aluminum (A1) s s

A=nonia (as N) 0 53 Sulfide (S) *

Arsenic (As) ND{D.0D Zine (Zn) 0 01
Baron (B) : Vanadium (V O ) -- a
Barit.a (Ba) a t'ranium (U 0 755

Eh,milliv$!sBeryllium (Be) s s
Bromide (Br) * Turbidity (JTU's) *

,

| Cation-Anion Balance s 011 and grease (Freon Method) - 8
| Cadmium (Cd) * Chemical Oxygen Demand (CCD) - *
! Cyanide (CN) s
!

Radium-226, pCi/1 1121!?.0
Cross Alpha, pCi/1
Cross Beta, pC1/1 s
Thorium-230, pCi/1 -- *

*

Lead-210, pCi/1 s

j Polonium-210, pC1/1 *
f

] ND = Not detected at level given in parentheses. Radiochemical tests by EAI, Caspers Wyo.

* = Test not requested.

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

^) CHEMICAL & CEOLOGICAL LABORATORIES
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CHEMICAL & GECLOGICAL LABORATORIES
P. O. Som 2794

Casper, Wyoming

ANAt.YTICAL REPORT

From OPI .IJestern.. Joint Venture. ... Product . Water. . . . . . . . . . , _ . .
-

Address Casper, Wyoming..
- - . . Date . 1-lb-80.. . . . _ . .

Other Pertment Data
. . - . . . . . . . .-.

.

_ . . . . . _ . . . . _ . . . . . . . . . _ .

Analyred by JM, PT, JB, CM Date Lab No. 33131-1

)
LATER ANALYSIS

Bison Basin
303-b-P-lb

Sample taken January 8 D80

) mg/l eg/l

Total suspended solids a Chromium (Cr) - *
Total dissolved solids (calc.) 1297 Copper (Cu) *

Total dissolved solids (obs.) 138b Fluride (F) *
Conductivity 0 68'F., mieremhos - 1850 Iron (Fe)(total) = 0.10Total alkalinity as CACO 98 Iron (Fe)(dissolved) - -- *3Total hardness as CACO 137 Lead (Pb) ----- G {0 05}) Sodium (Na) (cale.) 3-- 371 Manganese (Mn) *
Sodium (Na) (obs.) 413 Mercury (Hg) *
Potassium (K) b Molybdenum (Mo) -- *
Calcium (Ca) 40 Nickel (Ni) --- *--

Magnesium (Mg) 9 Nitrate (as N) 0 02
Sulfate (50,) 790 Nitrite (as N) ND{0 01}
Chloride (CI) - 22 Phenols *
Carbonate (C0 ) O Phosphorus (PO ) *) Bicarbonate (hCO) 120 Selenium (Se) 4 hD(0 01}3pH, units 7.5 Silica (510 s

Silver (Ag)2)Aluminum (Al) * *
Acconia (as N) 0 25 Sulfide (S) ~*
Arsenic (As) ND(0 01} Zine (2n) ND{0 01}e---

Boron (B) * Vanadium (V O ) *g
Barium (Ba) * Uranium (U 7 0 005Eh,milliv$$sBeryllium (Be) *

*
Bromide (Er) * Turbidity (JTU's) -~ *
Cation-Anton Balance - * 011 and grease (Freon Method) - a
Cadmium (Cd) ---- a Chemical oxygen Demand (COD) - a
Cyanide (CN) *

) Radium-226, pCi/l !5 0 O . 14Cross Alpha, pCi/l a
Cross Beta, pC1/1 -

- a
Thorium-230, pCi/l - - :
Lead-210, pC1/1 :
Polonium-210, pCi/l *

S ND = Not detected at level given in parentheses. Radiochemical tests by CLI; Envirorrental,
/ Services, Caspers !ty.* = Test not requested.

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

CORRECTE) PRELIMS. FE2RUARY 11, 1980

CliDGCAL & GEOLOGICAL IJJORATORIES

op|. WESTERN J0 NT VENTU AE

f// un"6 M.

A*?{A- Csw
C. E. Davis f.UiR - 61920
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CHEMICAL & GEOLOGICAL LABORATORIES
P. O. Bos 2794

Casper, Wyorning

ANALYTICAL REPORT
D

r,om OPI - Western Joint Venttre - Preduct Water
Address Casper, Wyoming. p,,, 1-16-80
C,1ber Pertinent Cata

Jti, PT, JBi Cf1
Date Lab No. 33131-2Analynd by

__

WATER ANALYSIS

Bison Basin
303-6-P-19

Leple taken January 8, 1980

eg/l mg/l

Total suspended solids a Chromium (Cr) --- *
Total dissolvea solids (cale.) - - 1730 Copper (Cu) - *
Total dissolved solids (obs.) 1784 Fluoride (F)
Conductivity @ 68'F. , microchos -- 2275 Iron (Fe)(total) -- -- 0 06
Total alkalinity as CACO 76 Iron (Fe)(dissolved) *

3g Total hardness as CACO - 192 1.ead (Pb) -- ND{0 05}
Sodium (Na) (calc.) -3 483 Manganese (Mn) - *
Sodium (Na) (obs.) 498 Mercury (Hg) *

Potassium (K) --- 9 Molybdenum (Mo) - a

Calcium (Ca) - - - 54 Nickel (Ni) *

Magnesium (Mg) -- 14 Nitrate (as N) ND{0.Ol}
Sulfate (50,) 1100 Nitrite (as N) ND{0.Ol}
Chloride (CI) 24 Phenols a

g Carbonate (CO ) O Phosphorus (PO ) :
3Bicarbcnate (nCO ) 93 Selenium (Se) 4 ND{0.Ol}3

pH, units 7.8 Silica (SiO 8

Silver (Ag)2) - *Aluminum (Al) - *

A=monia (as N) 0.22 Sulfide (S) *
'

Arsenic (As) ND{0.Ol} Zine (2n) ND{0.Ol}
Boron (B) = * Vanadium (V 0 )

5Barium (Ba) * Uranium (U y 0 003
Eh,milliv2ksg Beryllium (Be) * *

Bromide (Br) -- * Turbidity (JTU's) *

Catien-Anion Balance ----- * 011 and grease (Freon Method) - a
Cadmium (Cd) ~ * Chemical Oxygen Demand (COD) - *
Cyanide (CN) *

^

Radium-226, pCi/l 24 09
Cross Alpha, pCi/l --

- *
Cross Beta, pCi/l - ---- --- - *
Thorium-230, pC1/1 -

*

Lead-210, pC1/1 -

--- *

Polonium-210, pCi/l *

'

, ND = Not detected at level given in parentheses. Radiochemical tests by CLI; Environmental
. Servicess Casper , Wy.

* = Test not requested.

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

CORRECTED PRELIf15 FEERUARY 11, 1".80

^ CHEMICAL & CEOLOGICAL LABORATORIES
op:cfg 3 5 :N JO!NT VENTUPE
~
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CHEMICAL & GEOLOGICAL LABORATORIES
P. O. Ses 2794

.

Casper, Wyoming

ANALYTICAL REPORT

) r,om OPI - Western Joint..Venttre. .. Produc . Water.. ..- . ._ $.

Addre , Casper, Wyoming . o ,e 1-16-80
. _ . . _ . .

other Pere,nene care
. . . . . . . . . . .._.

. . . . . . . . . - . . . . - . . . . . . . . . . . . . .

Analyred by JM, PT, JB, CM oate . Lab No. 33131-3

)
WATER ANALYSIS

Bison Basin
303-b-P-22

Sample taken January 8 , l'18 0.

) EE!.l_ EEll-

Total suspended solids * Chromium (Cr) *
Total dissc1ved solids (cale.) .---- 1638 Copper (Cu) - *
Total dissolved solids (obs.) 1730 Fluoride (T) a
Conductivity 9 68'F., micronhos -- 2150 Iron (re)(cotal) - 0 05
Total alkalinity as CACO 'O Tron (Fe)(dissolved) *3Total hardness as CaC0 200 Lead (Pb) ND{0.05}) Sodium (Na) (calc.) == 454 Manganese (Mn) *
Sodium (Na) (obs.) 461 Merc.ury (Hg) *

Potassium (K) 7 Molybdenum (Mo) ---- *
Calcium (Ca) 57 Nickel (Ni) *
Magnesium (Mg) l'4 Nitrate (as N) ND{0.Ol}
Sulfate (50
Chloride (Ck))

-- 1020 Nitrite (as N) ND{0.01}
32 Phenols *

) Carbonate (Co$CO)-
0 Phosphorus (PO ) *)

Bicarbonate ( 110 Selenium (Se) 4 ND{0.01}3pH, units -- 80 Silica (Sio *
Silver (Ag)2)Alt.minum (A1) * s

Ammonia (as N) 0.28 Sulfide (S) *

Arsenic (As) -- " ND{0.Ol} Zine (Zn) - ND{0 01}
Boron (B)
Barium (Ba)

*
* Vanadium (V O ) *g
* Uranium (U 7 0 031

Eh,millivhksBeryllium (Be) s

') Bromide (Br) * Turbidity (JTU's) *
*

Cation-Anion Balance 011 and grease (Treon Method) - a
Cadmium (Cd) a Chemical Oxygen De=and (COD) - *
Cyanide (CN) *

)
Cross Alpha, pC1/1

- - - 5.@04Radium-226, pCi/1 --

s
Cross Beta, pC1/1 --- --- a
Thorium-230, pCi/1 -

*
Lead-210, pCi/1 *
Polonium-210, pC1/1 *

S- ND = Not detected at lev given in parentheses. Radiochemical tests by CLI; Environtrental
.> Services, Casper, Wy.

* = Test not requested.

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

CLRRECTED PRELIMS. FEBRUARY 11, 1980

'

CHDtICAL & CEOLOGICAL IA30PATCRIES
'

cpg.wESTE=N .'OiNT VENT 1JF.F.
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CHEMICAL & GEOLOGICAL LABORATORIES
P. O. Ses 2794

Casper, Wyoming

ANALYTICAL REPORT>

) -

From OPI - Uestern Joint. Venture _.. .Produc, Water. . . . . . .

Address CasDer's Wyoming..
_. . Date . 1-lb-80

Other Pertment Data

. . . . -. . . . . ..

33131-4Analynd by Jf1, PT, J8, Cf1 o.,e , Lab No.

)
WATER ANALYSIS

Bison Basin
303-6-P-31

Sample taken January 8, 1980

mg/l ag/l

Total suspended solids * Chromium (Cr) *
Total dissolved solids (calc.) 1989 Copper (Cu) - *-

Total dissolved solids (obs.) 1402 Fluoride (F) . - *
Conductivity 0 68'F., micrombos - 1675 Iron (Fe)(total) 0 38-

Total alkalinity as CaC0 l'18 Iron (Fe)(dissolved) *- - -
3

N Total hardness as CACO M Lead (Pb) M.E-

3/ Sodium (Na) (cale.) 355 Manganese (Ma) - *
Sodium (Na) (obs.) 340 Mercury (Hg) *

Potassium (K) - 3 Molybdenum (Mo) - *

Calcium (Ca) 118 Nickel (Ni) *

Magnesium (Mg) 15 Nitrate (as N) 0 04*

Sulfate (50 ) 625 Nitrite (as N) ND{0 01}g

Chloride (CI) 54 Phenols *

}. Carbonate (CO ) O Phosphorus (PO ) -- *
3

Bicarbonate (RCO ) 242 Selenium (Se) 4 ND{0 01}
3

pH, units 7*4 Silica (510 *
Silver (Ag)2)Aluminum (A1) * *

A:::monia (as N) 0 lb Sulfide (S) - - - *
*

Arsenic (As) ND{0 Ol} zine (Zn) -- 0 01
Boron (B) * Vanadium (V O ) *

Strium (Ba) - * Uranium (U 0 315
Eh,milliv3ks

} Beryllium (Be) * *
Bromide (Br) * . Turbidity (JTU's) *
Cation-Anion Balance * Oil and grease (Freon Method) . *
Cadmium (Cd) * Chemical Oxygen Demand (COD) - *
Cyanide (CN) *

!

1Radium-226, pCi/l 410.1 10 3
Gross Alpha, pCi/l *

Cross Beta, pCi/l * *

Thorium-230, pCi/l - *

Lead-210, PC1/1 *

Polonium-210, pC1/1 *

} ND = Not detected at level given in parentheses. Radiochemical tests by CLI; Environmental
Services Casper, Wy.. .

* = Test not requested.

Above tests were cade in accordance with Standard Methods, 14th Edition, 1975, ASTM, WQ0
and AEC c.ethods.

CORRECTED FRELIf15 FESRUARY 11, 1980
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CHEMICAL & GEOLOGICAL LABORATORIES
P. O. Ben 2794

Cag=r. Wr*=3as

ANALYTICAL. REPORT
*

pnsii .. OPI hiesten Joint Venttre.. ... .... Product . . Vaeer ..

Moress Casper *. Wyom ing ..,,,. ces, .. . 2-11.-80 ., ,_,,. . _

on e P e nere cave . . . . - . .

Analyrad by JB, CF1, Jfl. BW, KCf1 c.,
_ 3-20-80. . Lab No. . 333 M

WATER ANALYSIS

Bison Basin,

303-b- P1b
Sample taken retruary 5, 1980

) ag!/1 mg/l
i

Total suspended solids * Chromium (Cr)
; sotal dissolved solids (calc.) 13b0 Copper (Cu) *

Total dissolved solids (obs.) 13 % Fluoride (F) *
| Conductivity 0 68'F., micronhos - 1850 Iron (Fe)(total) *

Total alkalinity as CaC0 104 Iron (Fe)(dissolved) 0 03
!

Total hardness as CACO 145 lead (Pb) ND{0 05}
} 3Sodium (Na) (calc.) 3 81s Manganese (Mn) e

t Sodium (Na) (obs.) 412 Mercury (Eg) 8

! Potassium (K) 12 Molybdenum (Mo) --. *

Calcium (Ca) 43 Nickel (Ni) s

!'
Magnesium (Mg) 9 Nitrate (as N) 0.13
Sulfate (50 ) 814 Nitrite (as N) ND{0 01}
Chloride (C ) 34 Phenols a

carbonate (C0 ) O Phosphorus (F0 ) *

Bicarbonate (hC0) 32 7 selenium (se) 4 ND{0 0D
3

pH, units 80 Silica (510 ) *

Aluminum (A1) Silver (Ag)2 *

Ammonia (as N) 0 24 Sulfide (S) *

l Arsenic (As) ND(0 0D Zinc (Zn) ND{0 0U
| M ron (B) * Vanadium (V O ) s
I Barium (Ba) * Uranium (U 0 011

Eh,milliv$$s) Beryllium (Le) * s

| Brumide (Br) s Turbidity (JTU's) s
' Cation-Anion Balance * Oil and grease (Freon Method) . s

r2Amium (Cd) Chemical Oxygen Demand (COD) - *
Cyanide (CN) * -

Radium-226, pC1/1 10 2tl.7-

Cross Alphs, pC1/1
Cross Beta, pC1/1 - :
Thorium-230, pCi/1 s
14ad-210, pCi/l :

Polonium-210, pCi/1 -

ND = Not detected at level given in parentheses. Radiochemical *.ests by CLI Ccrpus Christi.

* = Test not requested.

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

|

) CHDilCAL & CEOLOCICAL LABORATORIES
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* CHEMICAL & GEOLOGICAL LABORATORIES
P. O. Ses 2794

cc, Wyomias

ANALYTICAL REPORT

) CPI Uester n Joint Venttre- . Prod e . Wa t e r... . . . . .
Fenra-

Addre,s . Casper $....Uyoming... c.,e . ..2-11-80
iou pert.nen, c r.

. . . . . . .

. . . . . . . _ . . . _ . _ . . . .

Andyred by JB, CN JL Bih KCFI c.,. 3-20 # iab No. 33333-2

WATER ANALYSIS

Bison Basin,

303-I- Pli
*aspi s tamen Febr uar y 5, l'!80.

II.LI.. "E 1

Total suspended solids a Chromium (Cr) s
Total dissolved solids (cale.) - 1710 Copper (Cu)
Total dissolved solids (cbs.) % 78 Fluoride (F)
Conductivity 0 68'F., micromhoa - 2275 Iron (Fe)(total) *
Total alkalinity as CACO 80 Iron (Fe)(dissolved) 0 033Total hardness as CaC0 177 Lead (Pb) ND{0 05}

) Sodium (Na) (calc.) - 481 Manganese (Mn) s
Sodium (Na) (obs.) 481 Mercury (Hg) a
Potassium (K) 10 Molybdenum (Mo) a
Calcium (Ca) 53 Nickel (Ni) s
Magnesium (Mg) 11 Nitrate (as N) ND{0 01}
Sulfate (So ) 1082 Nitrite (as N) ND{0 01}g
Chloride (CI) 22 Phenols *

Carbonate (CO,) O Phcsphorus (PO )
Bicarbonate (EC0 ) % Selenium (Se) 4 ND{0 01}3
pH, units 82

Silver (Ag)2)
Silica (510

Alsh (A1) a a-

Ammonia (as N) -- 0 25, Sulfide (S) s
Arsenic (As) ND{0 01} zine (Zn) 0 01
Boron (B) : Vanadium (7,0 ) s
Barium (Ba) s Uranium i. %k ND{0 001}

Eh, mi1% ; b. i;Beryllium (Be) s a
Bromide (Br) : Turbidits t's)
Cation-Anion Balance s 011 and gres.e (Freon Method) - a
Cadmium (Cd) * Chemical Crygen Demand (COD) - a
Cyanide (CN) s

) Radium-226, pCi/l 14 2 2 0-

Cross Alpha, pCi/l a
Cross Beta, pC1/1 :

Thorium-230, pC1/1 s
14ad-210, pC1/1 a-

Polonium-210, pCi/l s

ND = Not detectod at level given in parentheses. Padiochemical tests by CLIi Corpus Christi.

* = Test nct tequested.

Above tests were made in accordance with Standard Methods,14th Edition,1975, ASDf, WQ0
and AEC methods.

.
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CHEMICAL & GEOLOGICAL LABORATORIES.

P. o. a.e 27s4

Caw =r. Wyomias

ANALYT1 CAL REPORT

p,,,, CPI Westar n Joint Venttre... ... . . . Product .. . Vate r...
Addr Cas;;er, Wyeming. .. . . . c.,e . .

. .2-11-60
oth., pers.nen, 0.t.

_.. _ - . . . .

3-20dd" ^ tab No. ~W W by J0' CO' JM' ' KCII Date

i

WATER ANALYSIS

.

Bison Basin.

303-b- 22
Laple taken February 5, 1980

t m.Ill. 23 /.1

Total suspended solids * Chromium (Cr) *
Total dissolved solids (calc.) 1581 Copper (Cu) - *

Total dissolved solids (obs.) 1508 Fluoride (F) *
Conductivity 9 68'F., micromhos - 1725 Iron (Fe)(total) - -*
Total alkalinity as CACO 110 Iron (Fe)(dissolved) ND{0 03}3Total hardness as CACO 169 Lead (Pb) ND{D.05}3

} Sodium (Na) (calc.) 439 Manganese (Mn) *

Sodium (Na) (obs.) 458 Mercury (Hg) *
Potassium (K) 10 Molybdenum (Mo) - *
Calcium (Ca) 51. Nickel (N1) *
Magnesium (Mg) 12 Nitrate (as N) ND{D 01}
Sulfate (50 937 Nitrite (as N) ND{0 01}
Chloride (Ck)) & Phenols *
Carbonate (C0 ) O Phosphorus (P0 *

Selenium (Se) 4)
3

I Bicarbonate (EC0 ) 134 ND{0 01}3pH, units 7.8 Silica ($10 ) _*
Silver (Ag)2Aluminum (A1) * *

Ammonia (as N) 0 23 Sulfide (S) *
Arsenic (As) ND{D.01} Zine (In) 0 01
Boron (B) * Vanadium (V O ) - *
Barium (84) * Uranium (U - 0.12Eh,milliv$!sBeryllium (Be) * *

) Bromide (Br) * Turbidity (.TIU's) a
Cation-Anion Balance * 011 and .tresse (Freon Method) . *
Cadmium (Cd) * Chemical Oxygen De=and (COD) - *
Cyanide (CN) *

.

) Radium-226, pC1/1 21 4 2 6Cross Alpha, pCi/l *
Cross Beta, pC1/1 *
Thortu:n-230, pC1/1 *
lu d-210, pCi/l -- * *

Polonium-210, pC1/1 *

ND = Not detected at level given in parentheses. Radiochemical tests by CLI, Ccr pus Christi.

* = Test r.ot requested. *

Above tests were made in accordance with Standard Methods,11.th Edition,1975, ASTM, VQO
and AEC methods.

CHDTICAL & CEOLOCICAL 1.A.BCRATORIES
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CHEMICAL & GEOLOGICAL LABORATORIES f
*

P. o. som 2794
|Camper, wy ning

ANALYTICAL MEPORT

p-n Opi Uestern Joint Venttre... .. .. Product .. W. ater.., ;

ufrens . CASPER **. Wyoming,.
. , . . e,, . . _. _ 2-11.-80..

*

Cnher Perbrent Dea

nalyw by JB, Cn, Jn, BU, . KCM oce N . Lab No... 333 M

)
WATER ANALYSIS

Bison Basin.

303-b- P31
Sample taken February 5. 1980

)
PJLl.l. 31.1/

Total suspended solids a Chromium (Cr) :

Total dissolved solids (cale.) 1278 Cooper (Cu) *

Total dissolved solids (obs.) 1318 Fluoride (F) *

Conductivity 9 68'F., micrombos - 1750 Iron (Fe)(total) *
Total alkalinity as CaC0 178 Iron (Fe)(dissolved) 2 39

3Total hardcass as CACO 281 Lead (Pb) ND{0 05}) Sodium (Na) (cale.) -3 325 Manganese (Mn) *

Sodium (Na) (obs.) 348 Mercury (Hg) s.

Potassium (K) 9 Moly 1.denum (Mo) s
Calcium (Ca) 'b Nickel (N1) *

Magnesium (Mg) 10 Nitrate (as N) 0 02
Sulfate (So ) 719 Nitrite (as N) ND{0 01}g
Chloride (CI) 52 Phenols *

Carbauste (CO ) O Phosphorus (PO ) *) Bicarbonate ($C0) 217 Selenium (Se) 4 ND{0.Ol}3pH, units 72 Silica (510 )
Silver (Ag)2A h inum (Al) -- * ~s

A=conia (as N) 0 23 Sulfide (S) *

Arsenic (As) ND{0.Ol} Zine (Zn) 0. %
Baron (B) *

VmAtum(VO))Barie:n (Ba) s Uranium (U 2 05
Eh,m1111v3ks3 Beryllium (Be) * s

- Bromide (Br) *>
Turbidity (JTU's) *

Cation-Anion Balance s Oil and g-ease (Freon Method) - *
c a ium (Cd) * Chemical Oxygen Demand (COD) - a
Cyanide (CN) *

1adium-226, pCi/1 340111 2Cross Alpha, pCi/l *
Cross Beta, pCi/l
Thorium-230, pC1/1 :
144d-210, pC1/1 s
Polonium-210, pCi/1 s

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

* = Test not requested.
I

1
Above tests *ere r.ade in accordance with Standard Me-hods, 14th Edition, 1975 ASTM, WQO

|and AEC methods.
|

} CEIMICAL & CE0 LOGICAL 1ABORATCRIES
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CHEMICAL & GEOLOGICAL LABORATORIES.

P. O. Ses 2794

W . W omia9T

ANAL.YTICAL REPORT
B Fvorvi . CPI. Wester-n Joint Venttre_ ...Prode Water..

Moreu Casper , Uycming. .._. o,te ..3-19-80
Other Pert nent Data

. . . . . . . . ..._.

Anained by JB, CN PN KCN BW, JN JL o.,e tab 3A44-1

e
VATER ANALYSIS

Bison Basin, Wyoming
P-%

Sac:ple taken ftar ch 18,1".60

g mg/l eg/l

Total suspended solids Chromiu:n (Cr) ND{0.02}
Total dissolved solids (cale.) 13aa Copper (Cu) ND{0 02}
Total dissolved solids (obs.) 1338 riuoride (F) 1 09Conductivity @ 68'F., microchos - 1"25 Iron (re)(total) 0 03Total alkalinity as CaC0 104 Iron (Fe)(dissolved) :Total hardness as CaC0 139 Lead (Pb) - ND{u.0 9g Sodium (Na) (cale.) -- 401 & nganese (Mn) ND{0 0D
Sodium (Na) (obs.) L402 Mercury (Hg) ND{0.00D
Potassium (K) 9 Molybdenu:n (Mo) - ND{0 0 9
Calcium (Ca) 39 Nickel (Ni) ND{0 04}
b gnesium (Mg) 10 Nitrate (as N) 0 02
Sulfate (SO ) --- 833 Nitrite (as N) ND{0 0D3
Chloride (CI) 31: Phenols
Carbonate (CO ) O Phosphorus (PO *

Seleniu:n (Se) 4)
3g Bicarbonate (HCO ) 127 ND{0 01}3pH, units 80 Silica (510 *

Silver (Ag)2)Aluminu:n (A1) ND{0.D
Anemonia (as N) -- 0 20 Sulfide (S) - *
Arsenic (As) ND{0 0D Zine (Zn) ND{0.0D
Baron (B) ND{1.0}

vanadiu:n (7 0})
- ND{0.0D

Barium (Ba) - ND{0 09 Uraniu:n 'U 0 044Betryllium (Be) : Eh,milliv$$s a$ Bromide (Br) Turbidity (JTU's) *---

Cation-Anion Balance 011 and ;rease (Freon Method) -a *
Cadmium (Cd) ND{0.DD Chemical Oxygen Demand (COD) - a
Cyanide (CN) s

$ Radium-226, pC1/1
Gross Alpha, pC1/1 -

aCross Beta, pCi/l
--- aThoriu:n-230, pCi/1

1 sad-210, pC1/1
sPoloniu:n-210, pC1/1 - -
a

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

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

CHD(ICAL & CEOLOGICAL LABORATORIES
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j CHEMICAL & GEOLOGICAL LABORATORIES- '

| P. O. Bos 2794

| Casper, Wyoming
|

ANALYTICAL MEPORT

p,,,,, OPI,alestern Joint,, Venture .. Pre . Water.
Adds eu CASP*P'..Wyomin9. ._. .. Date . . .3-19-80_ ..

Other Pertinent Dara
,

. . . - - .. . . - - . . .

3 m 4-2Analped by JB, CM, PH, KCM, BW, Jfi, JL ca,e . . . Lab No...

j WATER ANALYSIS

Bison Basin, Wyoming
P-19

Sample taken March 18, 1980

) 351.1 3L/1

Total suspended solids a Chromium (Cr) ND{0 02}
Total dissolved solids (cale.) 1701 Copper (Cu) ND{0 02}i

| Total dissolved solids (obs.) 161b F1tiride (F) - - 0 83
j Condsetivity 9 68'F., micromhos - 20CI) Iron (Fe)(total) - 0 03
| Total alkalinity as CaC0 76 Iron (Fe)(dissolved) s

35 Total hardness as CaC0 185 1.ead (Pb) = ND{0 05}
J Sodium (Na) (calc.) 475 Manganese (Mn) ND{0 0D

Sodium (Na) (obs.) 486 Mercury (Hg) ND{0 00D
Potassium (K) 11 Molybdenum (Mo) --- ND{0 0D
Calcium (Ca) 51 Nickel (Ni) ND{0 04}
Magnesium (Mg) 14 Nitrate (as N) 0 03
Sulfate (So ) 1082 Nitrite (as N) ND{0 0Dg
Chloride (C1) 22 Phenols *-

Carbonate (CO ) O Phosphorus (PO ) s
3

Bicarbcnate (ECO ) 93 Selenium (Se) 4 ND(0 0D
3

pH, units 79 Silica (510 '

Silver (Ag)2)Aluminum (A1) ND{0.D s

A:=onia (as N) 0 22 Sulfide (S) *

Arsenic (As) - ND{0 0D Zine (Zn) 0 01
Boron (B) ND{1.0} vanadium (v 0 ) ND{0'.05}
Barium (Ba) ND{0 09 Uranium (U 3--- . 0 034

Eh,milliv$$sBeryllium (Be) : a

Bromide (Er) : Turbidity (JTU's) :

Cation-Anton Balance - a 011 and grease (Freon Method) - a
Cadmium (Cd) ND{0 0D Chemical Oxygen Demand (COD) - *
Cyanide (CN) s

Radiu:n-226, pC1/1
Cross Alpha, pCi/1 -- *
Gross Beta, pCi/1 :

Thortu:2-230, pC1/1
Inad-210, pC1/1 -- *.-

Polonium-210, pCA/1 *

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

* = Test not requested.

Above tests were made in accordance with Standard ".ethods, 14th Edition, 1975, ASTM, WQ0
and AEC methods.

]'
CEDilCAL & CE0 LOGICAL LABORATORIES
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| CHEMICAL & GEOLOGICAL LABORATORIES
-

*

P. O. Sea 2794

Casper, Wyomias
i

e

, ANALYTICAL REPORT

Frern #I .ldester n Joint Venttre_ ..Proouct .. . Wate r... .
Address Caspar*, Wyoming. Date 3-19-60
Ohr Pertinent Data

..

.. - . .

Analyzed by J8, (n. PH, KCM, BW, Jii, JL Date . _ _ _ Lab No.- 33644-3

WATER ANALYSIS

i Bison Basin, Wyoming'
* P-22

Sample taken Mar ch 18, l'ia0
l

agf/1 ma/1

Total s.ispended solids * Chromium (Cr) ND{0 02}
Total dissolved solids (calc.) 1W0 Copper (Cu) ND{0 02}
Total dissolved solids (obs.) 15 % Fluoride (F) 0.95-

Conductivity 9 68*F., micrombos - 2125 Iron (Fe)(cotal) 0 03Total alkalinity as CACO 10] Iron (Fe)(dissolved) :3Total hardness as caco l'!?) Sodium (Na) (calc.) -3 1.ead (Pb) ND{0 09
443 Manganese (Mn) ND{0 0D

Sodium (Na) (obs.) 447 Mercury (Hg) ND{0 00D
Potassium (K) 9 Molybdenum (Mo) ND{0 0Dcalcium (Ca) & Nickel (Ni) ND{0 04}Magnesium (Mg) 14 Nitrate (as N) 0 02Sulfate (So ) 962 ._ Nitrite (as N) ND{0.UUg
Chloride (C1) 3b Phenols :
Carbonate (C0 ) O) Elcarbonate(kC0) 122

Phosphorus (PO
, ND{0 0DSelenium (Se) 4)

*

3pH, units -- 7.7 Silica (SiO ) *
Alrminum (Al) ND{0.D Silver (Ag)2 s
Ammonia (as N) - 0 21 Sulfide (S) :
Arsenic (As) - ND{0 0D Zine (In) 0.01Boron (B) ND{l.0} Vanadium (V O ) ND{0 09
Barium (Ba) ND{0 09 Uranium (U J

g

Eh,milliv$$s - 0 113--

Beryllium (Be) : *
Bromide (3r) : Turbidity (,fTU's) *
Cation-Anton Balance s 011 and grease (Freen Method) - a

r Cadmium (Cd) ND{D.0D Chemical Oxygen De=and (COD) - :
| Cyanide (CN) s

)
.

Radium-226, pC1/1
Cross Alpha, pCi/1

:Cross Beta, pC1/1 *
Thorium-230, pC1/1
laad-210, oCi/1

:
Polonium-210, pCi/1 --- a

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

* = Test not requested.

Above tests were nade in accordance with Standard Methods, 14th Edition,1973, ASIM, WQO
and AEC methods.
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CHEMICAL & GEOLOGICAL 1.ABORATORIES*

P. O. Bos 2794

Couper, Wyoming

ANALYTICAL REPC''T

p,o,,, 0PI, Western, Join,t Venttre Prod e Water _

Address (asper, Wyomin9.. .. 0 ate .~3-l'l-80 .. _ . .

Other Pertinent Data - - -

JB, CH, PH, KCft, BW, JM, Jt- Date Lab No. - 3 M "'% .d by

| WATER ANALYSIS

|
Bison Basin, Wyoming

P-31
*

Sample taken March 18. l'180

M $

| Total suspended solids * Chromium (Cr) ND(0 02}
' Total dissolved solids (cale.) - 1 3'12 Copper (Cu) ND{0 02}

0 83| Total dissolved soliIs (ebs.) -- 1970 Fluoride (F) -

I Conductivity 9 68'F., micror.hos - 1825 Iron (Fe)(cotal) - 1 37
! Total alkalinity as CACO l'iO Iron (Fe)(dissolved) - *

3Total hardness as CaC0 2b2 Lead (Pb) ND{0 09
- Sodiva (Na) (calc.) 360 Manganese (Mn) 0 13

Sodium (Na) (obs.) 3b3 Mercury (Hg) ND{D.00D
Potassium (K) 7 Molybdenum (Mo) -- ND{0 05}
Calcium (Ca) - 85 Nickel (Ni) ND{0 04)
Magnesiu:n (Mg) 12 Nitrate (as N) 0 01

ND{0 0DSulfate (50 ) 7b3m Nitrite (as N) -
6

Chloride (CI) 48 Peenols *

] Carbonate (CO ) O Phosphorus (PO ) *

- Bicarbonate (RC0 ) 232 Selenium (Se) 4 ND{0 0D
3

3
pB, units 73 Silica (S10 ) :

Aluminum (A1) ND{D.D Silver (Ag)2 s

A=nonia (as N) 0 18 Sulfide (S) - *

Arsenic (As) ND{0 0D Zine (2n) 0 .'17
Boron (B) ND{1 0} Vanadium (7 O ) - ND{D.09g

Barium (Ba) ND{0 09 * Uranium (U 7 2.75
Eh,milliv$!sBeryllium (Be) s a

Bromide (Br) * Turbidity (JTU's) :

Catton-Anton Balance s 011 and grease (Freon Method) -
j r=AM um (Cd) ND{0 0D Chemical oxygen Demand (COD) - *
| Cyanide (CN) s

.

Radium-226, pCi/1
Cross Alpha, pC1/1 :

Cross Beta, pCi/1 s
Thoriu:n-230, pC1/1 -

,

| Lead-210, pCi/1 s

|
Polonium-210, PCi/1 - a

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

( * = Test not requested.

|

Above tests were r.ade in accordance with Standard Methods, 14th Edition, 1975, ASTM, WQO
and AEC methods.
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Quality clacoificationc of water for irrigation usually otreoc certain rangcc
for codium, total dissolved solids, and boron. A general guide for evaluat-g

' 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 qualityD

Quality criteria depend on factors such as the type ofthan human beings.
animal and its age, climate, and feeding regimen. A general guide for eval-
unting the quality of water used by livestock is shown in Table 15.

B

GUIDE FOR EVALUATING THE QUAllTY ONTABLE 15.
WATER USED BY LIVESTOCK (Todd,1970)

Threshold Limiting
g Concentration * ConcentrationtQuality Factor

2500 5000
Tctal Dissolved Solids (TDS), rng/ liter

5Cadmium, mg/l
500 1000

Calcium, mg/l
250 500*

O Uconesium, mg/l
1000 2000t-

Sodium,' mg/l -
1Arsenic, mg/l

500 500
Bicarbonate, mg/l

1500 3000 i
Chloride, mg/l 6 11

E)
Fluoride, mg/l !

200 400
Nitrate, mg/l

None None
Nitrite, mg/l

500 1000* .

Suffote, mg/l l

6.0-8.5 5.6-9.0
Range of pH

3 Mreshold values represent concentrations at which poultry or sensitive animals might
Lower concentrations are of littleshow slight effects from prolonged use of such water.

cr no concern. Animals in f actotiont Limiting concentrations based on interim criterio, South Africa.
or production might show definite adverse reactions.) *Totc! magnesium compounds plus sodium sulfate should not exceed 50 percent of the
total dissolved solids. l
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) ALKALINITY

:

j CRITERION ;
Stewater or 20 mg/l or more as CACO 2 for freshwater aquatic life except where I

natural concentrations are less. I
1

puisances;

respoases 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. Itis measured

:
by titration with standardized acid to a pH value of about 4.5 and it is j
expressed commonly as milligrams per liter of calcium carbonate. t

| Alkalinity, therefore, is a measure of the buffering capacity of the ;
L water, and since pH has a direct effect on organisms as well as an 2

JIaid down i indirect effect on the toxicity of certain other pollutants in the water, j
hr and their the buffer:ng capacity is important to water quality. Examples of :ntenng the commonly occurring materials in natural waters that increase the i ;

bloped With alkalinity are carbonates, bicarbonates, phosphates, and hydroxides. '

#ch quality
i

der against RATIONALE
{

Tor freedom
he Nation's The alkalinity of water used for municipal water supplies is i

important because it affects the amounts of chemicals that need to be j
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
|

3 added during chemical coagulation. Waters having sufficient alkalinity
need not be. supplemented with artificially added materials to increase

.

the alkalinity. Alkalinity resultine from naturally occurrine materials
such as carbonate and bicarbonate is not considered a health hazard in *

drinking water supplies, per se, and naturally occurring maximum. j
levels up to annroximately 400 mv/l as calcium carbonate are not '

considered a problem to human health (National Academyof Sciences. |
D 1974).

.

4Alkalinity is important for fish and other aquatic life in freshwater p.
systems because it buffers pH changes that occur naturally as a result
of photosynthetic activity of the chlorophyll-bearing vegetation. , I '=

~

'

'

%Components of alkalinity such as carbonate and bicarbonate will . : io -~

complex some toxic heavy metals and reduce their toxicity markedly. '

3 For these reasons, the National Technical Advisory Committee (1968) 7
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 3- !q|

'
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WATER QUALITY CRITERIA228

ALDRINSewage (469) as "the nitrogen equivalent of ammonia
for ned or liberated from nitrogenous matter by the ,ac- (see Chapter IX)
tion of alkalme permanganate in water after expulsion
of cmmonia nitrogen by distillation." Its significance is ALGICIDES esg difficult to determine or to define, for it merely repre- (See specific compound in Chapter IX)

.

sents a portion of the organic nitrogen that is readily
released by a chemical reaction. Fo :nerly determined ALIPHATIC AROMATIC SULFONATES

o

end reported in rnost analyses of po ated waters, albu.
3minoid ammonia (or albuminoid nitrogen if the results ALIPHATIC SULFONATES ay

cre reported as N rather than NHa) is seldom used in
d]?modern analytical work in the U. S., and consequently (see Chapter X)

3 rnost of the references thereto are in out-dated or foreign ($dNITER (i
1. General. Like acidity, alkalinity is not a specifie hpublications.

ALCOHOLS, GENERAL polluting substance, but rather a combined effect of 9
several substances and conditions. It is a measure of *Q

(see also Allyl Alcohol, Amyl Alcohol, Benzyl Alcohol, the power of a, solution to neutralize hydrogen ions and
Butyl Alcohol, Ethyl Alcohol, Cetyl Alcohol, Methyl 2t,is expressed in terms of an_ equivalent amount of cal.Alcohol, Octyl Alcohols, Phytosterol, Propyl Alcohol, cium carbonate.Eksiifiltyns causeamyilatupgegqig g

,

and other specific alcohols) @mnbiefaM hydroxides, and to a lesser
d)Under this heading are abstracted articles covering , orates silicates, phosphates, and organic sub.extent y 3~

several alcohols for comparatise purposes. Most of the stances. It is determmed by titrating with 0.02N sulfurie
criteria relating to specific alcohols are listed under the actd to the phenolphthalein and methyl-orange end.
designated compound, points, the former measuring the so-calleo caustic alka.,

Accord.mg to Welch and Slocum (3248) the acute linity and the latter the total alkalinity. Like acidity, al.D oral toxicity of primary alcohols toward rats is as fol- kalinity is related to pH but high alkalinities should not
methyl, 9.1 mg/kg of body weight; ethyl, 7.4 be confused with high pH values. Thus, a relatively pure 5lows:

mg/kg; propyl, 3.3 mg/kg; butyl, 2.75 mg/kg; amyl, water with a pH value of 7.0 will have a low total
3.3 mg/kg; hexyl, 4.1 mg/kg; and heptyl, 6.6 mg/kg. alkalinity whereas a buffered water at pH 6.0 will have

Toxicity tests with creek chub, a fish conMJered to be a high total alkalinity. For a more thorough discussion
average in tolerance, at 15 to 21' C in well aerated of alkalinity and an evaluation of the hydroxyl, car.

revealed the " critical ranges" shown in the bonate, and bicarbonate components thereof, see Stand.,

water,'

following table. Critical range is defined as the range in ard Methods For the Analysis of Water and Wastewater

concentration below which all four test fish lived for 24 (469).
Some natural waters, especially those in the south.

hours and above which all died (1442). western U. S., are highly alkaline while others, suchcriticor nanse in as/sA rconor as those in western Washington or the New England350-500n propyl almhol 350 4 00 states, are low in alkalinity. The alkalinities of streanan amy nicohol are frequently increased by the addition of municipalJ xed prim y isoamyl alcohola 43

00 sewage and many industrial wastes, too numerous te
2004-1400n-botyl alcohot
1300-2000 list herein.
3000 4 000 2. Cross References. Acidity, pH, Hardness, Distertiary arnyl alcohol

tertiary butyl alcohol
700 M 000 solved Solids, Carbonates, Bicarbonates, Hydroxides,ethyl alcohol 8000-17000 and other specific substances that may affect akalinity.methyl nicobol

3. Effects U on Beneficial Uses.
Hodgson (295G) determined the concentrations of pri. es ics upgeshJintsey l ., ; }

' mary alcohols required to stimulate the movement of 3 e nskQ@q{dstrunental to h~) '

.

the water beetle (Laccophilus), with the following # O E" 53 N D "#

resu11s- Ef@sivell hed%ohds,_all obwhich'ma el rio
.

A rconoi criticar nanse in as/I b. Industria ate'r~ Supplies. Alkalinity is detrirnet s
000 tal in many industrial processes, especially those invol - agdf

g$000 ing the production of food and beverages. It is parte, bidthyl

g'.buey: ularly frcwned upon in the production of carbonate.20ntropyl') 3,420 and acid-fruit beverages because it neutralizes the ns'
'

n
644n +entyl

ural taste. producing substances at.l makes the bever@d112
n be271

more susceptible to bacterial action (179). The ranges
recommended threshold values of total alkalinities i:ALCOHOL SULFATES industrial water supplies are presented in Table 6 2. ,,

(see Chapter X) In contrast, alkalinity is desirable in inany industn a

g waters, especially if it serves to inhibit corrosion y q
anteALDEHYDES creatmg a favorable calcium-carbonate balance. In o-
Thd

(see Acetaldchyde, Benzaldehyde, Formaldehyde, Fur- field work, Nelson (349) recommends that the'alkalini trolof unaerated water should be at least 20 rog/1.
fural, and Vanillin)

9
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WATER QUALITY CRITERIA 129
,

c. Irrigation Water. Excessive alkalinity in irrigation with all fish dying in 2.5 hours when the alkalinity was
ster is detrimental in that it adds to the total salinity only 6.0 mg/l whereas some fish survived af ter 12.5 hours
cnd is frequently accompanied by high pH values. In when the alkalinity was 248 mg/1.
converitional chemical aralyses of irrigation waters, how- It is generally recognized that the best waters for the

I eser, alkalinity is frequently not listed (see Chapter V). support of diversified aquatic life are those with pH
d. Stock and Wildlife Watering. High alkalinities in values between 7 and 8, having a total alkalinity of 100

unter are reported to have been detrimental to stock. to 120 mg/l or more (3249,3250). This alkalinity serves
When the caustic alkalinity reaches 50 mg/1, trouble as a buffer to help prevent any sudden change in pH
with distrhea in chickens begins (1019), and at a total value, which might cause death to fish or other aquatic
alkalinity of 170 mg/l animals were reported to develop life. In Michigan, the addition of lime to Stoner Lake
diarrhea (1020). increased the alkalinity from 6 to 15 mg/1, improved' e. Fish and Other Aquatic Life. Doudoroff and Katz the biological productivity, and even caused some exten-
(361) cite references indicating that none of the strong sive phytoplankton blooms.
alkalies, such as calcium, potassium, and sodium hydrox.
ide, has been shown clearly to be lethal to fully de- ALKENYL DIMETHYL ETHYL
seloped fish in natural waters when its concentration is AMMONIUM BROMIDE
insuflicient to raise the pH well above 9.0. Interference

ALKYL ARYL COMPOUNDSwith normal development and other damage to fish life
,

sometimes may occur, however, at lower pH yalues. ALKYL BENZENE SULFONATE
When caused almost entirely by bicarbonates, alkalinity
does not seem to have any harmful effect upon plankton ALKYL DIMETHYL COMPOUNDS
and other aquatic life (1021).

ALKYL SULFATE

ALKYL SULFONATE
RANGES OF RECOMMENDED THRESHOtD VALUES (See Chapter X)'

OF TOTAL ALKAt!NITIES IN INDUSTRIAL
PROCESS WATERS ALLYL ALCOHOL CH =CHCH OH2 2

[sM Reference A colorless liquid with a pungent mustard-like odor,igcjnu cyM)[/--M "'' " '"8 O allyl alcohol is miscible with water. It is used in war
hdustry and Process

.

ght beer 75-80 152,173 gases, resms, and plasticizers. It is very irritating to
Dark beer 60-150 152. 173 mucous membranes and skin (364). The oral LD a is3

|- cerbonated benrages 30-85 173 reported as 40 mg/kg of body weight for dogs (364) and
['g"',;d, f,"'',8',', [3 15h180 100 mg/kg for rats (3251). When fed in the drinking

, , 3
carbonated beserages 60 100 1017 water of rats, retardation of weight gam began at 250
carbonated beverages 85 185 mg/1, but other effects were minor even at 1000 mg/l
Ccrbonated beverages 100 181.188 (3252). According to Woelke (2989), allyl alcohol is

y lethal toward bivalve larvae at 2.5 mg/1. Hubault (3253)"' *
ca oat ee 1285 reported the threshold of harmfulness of allyl alcoholcarbonated beverages 170 185

| Food products 30 250 173 toward rudd to be 10 mg/1.
Fruit juice 100 164
I4u ndrying (diapers) 60 D33 ALUM
Pulp and paper making

Groundwood pulp 150 244 (see Aluminum Sulfate, Aluminum Ammonium Sul-
Krrft paper, bleached 75 351 fcte, and other aluminum compounds that are some-
Kraft paper, unbleache<* 150 351

t mes called alum)iFine papers 45-75 551, 350
g Soda and sulfate pulp 75 245

Rayon manufacture 50 152 ALUMINA
Rayon ma nu factu re 75 550, 405
Ta n ning 128.2 lots (see Alum. mum Oxide)
Ta o niog 135 152

ALUMINUM Al
St emke and Eckenfelder (270) found that the aver.i

' e lethal doses of various alkaline solutions toward 1. General. One of the most abundant elements on
burgill fingerlings were as follows: the face of the earth, aluminum occurs in many rocks

and ores but never as a pure metal in nature. Althoughanannity as carcium
Rzerance coa..arcin mg/l pg the metal itself is insoluble, many of its salts are readily

Sodium b3droxide 70 10.55 soluble. Other aluminum salts, however, are quite insol-
Aramonium hydroxide 31 0.00 uble and consequently aluminum is not likely to occur
Edium carbonate 100 ---- for long in surface waters because it precipitates and
P ium odide and sodium settles or is absorbed as aluminum hydroxide, aluminum

57 carbonate, etc. In streams the presence of aluminum ionsg
-"-

,

eording to Warrick et al. (599) high alkalinity is may result from industrial wastes or more likely from
gtagonistic toward the toxicity of copper sulfate to fish.wash water fror a water-treatment plants. This section ofger

rel:tive toxicity of 25 mg/l of copper sulfate to the report deals with references to aluminum ions in
gturn trout fry varied inversely with the alkalinity, water, where no mention is made of the salts from which

D
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WATER QUALITY CRITERIA j
*146 1

i s reported (911) to be 3.5 X 10-7 at 18.tidrys. A 5-percent waste solution was not toxic to fish, where K
''

Thus at pH S the ratio of carbonic acid to bicarbopIbut a 10. percent solution was toxic. It has been suggested stenions is only 0.0286, but at pH 7 it is 0.286 and at pthat the toxicity might be attributable to the high salt bam
) concentration of the lagoon water rather than to the it is 2.86.

presence of berryllium (1478). Bicarbonates Inay reach water from many naturit In
Tarzwell and Henderson (2125,2154) tested the tox. sources, including absorption of CO2 from the air ag J

icity of three beryllium salts toward fathead minnows the decomposition of organic rnatter, or they may be g k
cnd bluegills in hard and soft waters with the following charged by innumerable industrial processes, for bicar~ M

bonates are among the most commonly used salts. spee96. hour TL. results in terms of beryllium:
Other than the fact that excessive bicarbonates add th CITI

concentranon of serumm in mg/: the salinity and total solids content of water, aq tion
FM Aceuf M e,:,,ws m u c pi ns_.,

through the complex operations of the carbonate egg ofalComiped St,f f htrd _ Soft Hard
libria tend to form carbonates and scale at high tempers. atd

IeN*n N.Ite' ,Y N 1.3 il
tures, bicarbonates in water are seldom con leCN

-

detrimenta,lJ$i $UJW(ebnimWdG,sdered to h,j hE.fMig hn rymm nitrate o.15 20 -- --

These results demonstrate that bervilium is considerably Et1088 ofdicarbonSM mat~

more toxic in soft water that, in hard water. According
aly"C*a""tranon

} to Hodgson (2956) a barium nitrate concentration of U'' '"# #''" ''' 18

30,000 mg/l is required to evoke a stimulatory reaction -m

k. ,d "_ _~ _N '''Miel_E__E_E___~_~bo
IP desirable or permissible Fgin the water beetle, Laccophilus.

dui E desirable or permissible
2Dd!e. Swimming and Other Recreational Uses. No in-

-- - ---___ c0 desirable or perroissible
formation is available concerning the specific effect of

3 *" d"i : --- --____ n ne desirable or t ermissible syDj
beryllium in swimming waters. However, Pomelee has
stated that water-soluble beryllium salts can cause ulcers I {[_?_[[_pp ea__ ____ 200^ undesirable or objectionableIn s

) If they enter a break m the skm (1478). Sugar 100 undesirable or objectionable city________________

Po tt e ry __ _ _ _ ___ ___ _ _ _ _ 200 desirable or permissible og g
Steam Boilers _ _ ___ ____ 100 undesirabic or objectionable gBHC

(see Chapter IX) In concentrations of 257 mg/l or less, sodium bicarbonate slod
caused a white shell in ice manufacturing (229). For be h

18FCARBONATESr HCOs limitations in boiler feed water, see Chapter V. High . rob;- - -- -- 3

(see also A'kalinity, pH, Carbonates, Hydroxides, bicarbonate contents are reported to affect the stability eq
) Chapter V-Irrigation) of vitamins in the manufacture of preserves and to cause abl

5

sw[elline of skins in tanneries (2368).Adhe'ral'tiistgsg"6f'a'lk'iiliWatefrag gch
cong

The concentration of bicarbonates in natural and r

polluted waters is a function not only of the bicarbonates Gob! MSG.(105.97pomt s_ oEEDiaEcarbonatenandlead of -
added thereto but also of the temperature, pH, and con. dna'tcs;is' drinks 5~AWrs'fg]ict'iiitQiisYiici acids"issQ~

. centration of other diswived solids. A full discussion of | ita

j@jirie'is tolth^e blifefit%f the drinker.71e.refeIsto a'iii6ilifiif.
g

| carbonate equilibria is beyond the scope of this report zit oflUSGEEEfwldehliF/U0'mggthMn'es. effi>T
j and the reader is referred to the work of Langelier @iilif~bicarbmfites unQaltM1Dohnost pMTock. or

(692) For this study of water-quality criteria, however,
it is important to note that bicarbonates tend to reach an hart cTiilld4WiTpErt the taste threshold in distilled e$c

r

mt
| equilibrium with carbonates m accordance with the water of the bicarbonate ion (added as NaHCO3) to be|

the
reactions: 770 rag /1.

The 10-year weighted average analyses of Colorado|
B'

H+ + CO8- - " H CO8_ River water, according to Kelley (1060), show 172 mg 1'--

of bicarbonate. It did not appear to Kelley that the use ((

b [H+ ][COr -] = h, of this water for irrigation would seriously affect the
BG

[HCO _) underground supply, growth of citrus trees, or condition
where K is reported (911) to be 4.4 X 10-" at 25'C. of the soil in southern California. Harley and Lindner (i'

(1061), on the other hand, found that irrigation watenThus, 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 in north central Washington containing 200 mg/l and B@

to 1 and at pH 11, the ratio will be 1 to 4.4. The con- more of bicarbonates caused a marked decline in the q
~

centration of bicarbonate,s therefore, depends on the pH vigor of apple and pear trees after a number of yearsm
value and the concentration of carbonates. Chapter V of this report includes a discussion of "re- B@

At medium and low pH values, a second equilibrium sidual sodium carbonate", dermed as carbonates plus bi- g

reaction occurs, for bicarbonates tend to unite with carbonates minus the sum of calcium and magnesiurn.
B'5]which, in turn, releases all in millicquivalents per liter. Where the residual s*hydrogen ions to form H CO2 3 dium carbonate is high, i.e., over 2.5 milliequivalents perfree CO2, thus liter, calcium and magnesium ions tend to be precipi-

HCO8- + H+ " H2CO8 " CO: + H2O tated as carbonates, leavmg a high ratio of sodmm to B
i calcium i ns. In irrigation water, bicarbonates in them-

The equilibrium equation for this reaction is selves do not cause difficulty, but by andmg in the pre- f9

[HCOc][H+] , g' cipi,tation of calcium carbonate they adversely affect the y'
sodmm ratio.

[H:COs]
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WATER QUALITY CRITERIA 151
-

4 Ca The Spanish Royal Decree of 1920 fixed the limit of cal-

h @1. General. CI*".in potable waters at 150 mg/1, as CaO, (631, 997).Elemental calcium does not occur in Baylis (499) has recommended the followmg limitmg

h
.sture because it oxidizes readily in air and reacts with calemm concentrations for tne several classes of water:

'

inter to release hydrogen gas. Calcium salts and calcium Class A, the ideal, 50 mg/1, Class B, mimmum aim, 7a,
I ins, however, are among the most commonly encountered mg/1, Class C to D, permissible with restrictions, 200-'

abstances in water. They may result from the leachin[g 150 mg/1.
3f soil and other natural sources or they may be con =

sined in sewage and many types of industrial wastes. - [-y
in'M tylpUnder this heading are grouped the references that

g;g'n51JtEndp%(%r'7fMibTnh$ Malirpatio h 2M35f.Il!fg pertain to calcium or calcium ions. Where the literature
ggjgggfug,s,ilil lumthnd 200 m*g/L'aTcTcEisIG

~

tals with calcmm salts, the references are grouped s
:ader the specified salt. The effects of calcium are als Dimibi M E 3R,

:o be noted under the headmg of "IIardness". b. Industrial Water Supph.es. (see also Hardness).
'

t 2. Cross References. IIardness; Calen.un salts, Chap- Calcium in the water used for preparing developer solu-
|

7
:<r V, and Chapter VII (Insects). tions for photography may cause the precipitation of

[
3. Effects Upon Beneficial Uses. calcium sulfite, resulting in spots on the films unless the

JcDonrEsticyVIGPSERliETTEFE5Hin precipitate is allowed to settle out of solution (242).P
bites ap'[ir'ditmatelT6J~tol0Tiams if'caleILIdW r [

.

Calcium in brewery water causes the precipitatio* ot'
l

ffo~od~elemed'tT(36f152),Ta~rt'ar65iiMo'nsidFrabl ' calcium phosphate (166). Nordell (2338) points out that
fciiCof"the[ calcium 70'{ig'6ti~alioiE of"nfrIEllP?co high calcium can cause undesirable effects by (a) form-'

Irded,quhtities3(.[ien_hard3r[afMc[oMnlig huiyy[ ing scale, (b) reacting with alkaline solutions to form~

1

le, calcium deficiency.is the most. common nutritional precipitates and curds, especially in washmg operations'

ekin the U. Si(3362
~ using soap, (c) interfering with the preparation of emul-

h tt.tyaiclain~isquireise)n;_t{t is, assumed'thafiE"theM51I,hiemdeYeretid,n3 hic'h Eabout. lD-mg:pedig;qEalIth'ipM'3Q(d) interfering with the processing of other colloids, (e)

~

~

in the~dieQhyld e' sions, wbre the calcium tends to break the emulsions,?
-

(3362). Some investigators believe that calcium in water caus:ng difliculties in electroplating rmsing operat,ons,i

un be used by the body as a supplement to the calcium and (N upsetting certain fermentation processes.
In the diet (1065); however, the nutritional value of On toe other hand, calcium is beneficial in water as
talcium in water has not yet been established and is still one of the factors that tend to inhibit corrosion of cast
viestionable (623, 653). QQnfFa'ti5ns u~ iron and steel (3363,3364).

O If calqium-irfdtihki6']vatgChave bqcd pil(1800~Iiig/1}
Ticoinmended .isiimitifEv_lif'drbf"daldifilifflis763E3

ThDollowing.cpricestfEg ~ r'e orie'd!tebe
rmle5E(15fTiscalcium conientratI5n o[f 786tibles an8iEIEdiEGiaG5ehla.

mked in water of high calcium content has been found nredora comuneration
bbe higher than that of vegetables cooked in low-calciun. Use inag/r Reference

"

*a r (921,1066,1067). gg g~
Icessive calcium and magnesium in drinkmg water Soda and sulfate pu! ping ____ 20 245

,43 been implicated as factors pred s u g a r m fg. __ _ _ __ _ _ __ _ _ __ _ _ 20 250g mation of concretions in the body,4spocing to the for-
-

s'ucIt as kidney or Te x t H e m fg. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 10 250

Madder stones (3365). On the other hand, there is also
e. Irrigation Water. Calcium in irrigation water has'ridence of adverse physiological effects from an in: been covered in detail in Chapter V. Calcium is essentialMiciency of calcium in water. Urovsk disease, a severe

DPe of rickets, occurs in regions where the concentration for normal plant growth and for the maintenance of
il calciu m in drinking water is low (3366, 3367). good tilth in the soil, and is desirable in water for irriga.

orris et al. (3368, 3369) report an inverse correlation tion (268, 278, 635, 3371, 3372),
g

tvreen the calcium content of waters and cardiovascu- d. Stock and Wildlife Watering. Stander (3373) has
disease i.e., high calcium is associated with a low suggested an interim threshold limit of 1,000 mg/l of

%acidence o,f heart attacks, but Schroder and Durancalcium in water used by livestock. For more details, see
70) failed to find a similar relationship in Japan. Hardness.
ile several effects of calcium in drinking water and e. Fish and Other Aquatic Life. Calcium in water

ological reactions have been suspected, no definite reduces the toxicity of many chemical compounds to 6sh
g j[petermmed at the present time, calcium hmits are

,

l relationship has been proved as yet. So far as can and other aquatic fauna; for example, mature fish have
been killed by 0.1 mg/l of lead in water containing only

grable for domestic supphes not because of a hazard one mg/l of calcium, but have not been harmed by thisg
ealth, but because calcium may be disadvantageous amount of lead in water containing 50 tog /l of calcium.

gf other household uses, such as washing, bathing, and A concentration of 50 mg/l of calcium has cancelled the
1, ndermg, and ,because it tends to cause incrustations toxic efiet upon some fish of 2 mg/l of zine; 0.7 mg/l
ycookmg utensils and water heaters.

b, 256@yeco
__

of lead; and 10 mg/l of lead (573). Aluminum has been

concen]trahons'o"f25En,u,,gny n,dghQl.16, gig'c!use, lligt
found to be toxic to river crabs in water containing-

nG little calc,um (575).m in. waters for domesti i
The data of various independent investigators indi-

h* nijd AJd' ~ coo F 4 ________. ______________ g g cated that calcium chloride and nitrate, when added toding ------_ _ __ _ _ 10 m g/l___..-__.-_-__--

k nd'T ---___-- O mg/l distilled or soft waters, could be toxic to fish at concen-
--------

G
r

.. .- .- . _
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152' In Bnatural waters is invariably associated with larger q
trations between 300 and 1000 mg/l as calcium. Other tities of other calcium and magnesium salts, which tions q
available data concerning lethality of higher concentra- were rr

gether may render the water too highly mineralized [fdrinking and domestic purposes, but do not alone ren "tions of calcium salts, generally calcium chloride, in <

various waters indicate that fish have survived from one water hazardous to people. C'"
m

,- to three days at concentrations of 2500 to 4000 rng/l of
l 2. Cross References. Dissolved Solids, Specific Con. kcalcium (1459).

According to a reference cited by Ilart et al. (310), of ductance, Distilled Water. It|

| the U.S. waters sv yporting a good mixed fish fauna, 3. Effects on Beneficial Uses.
The, taste threshbold of Theord, arily about 5 ,creent have less than 15 mg/l of a. Domestic Water Suppb.es.

calcium; 50 percent'have less than 28 mg/1; and 95 per- cale, m chlor,de m drinkmg water is said to be 150m 4 wnm i
350 mg/l (621). Accord ng to Lo,ekhart et al. (3241) th > g

3cent have less than 52 mg/1.
Marine fish have been shown to emcentrate Ca 45 fromtaste threshhold of calemm mn is 12a mg/1,and of th Wa-

the chloride ion control jysea water at a factor of 10 or 20 to 1 (3374, 3375). chloride ion 222 mg/1; hence,4 rng/1. In order to prevent
|

[ s.oco
Furthermore, marine fish discriminate against strontium and CaCl2 can be tasted at 34
in favor of calcium (3374). Daphnia and Cyclops also unpleasant salty tastes and disturbances of appetite,it N|

concentrate Ca-45 from fresh water, but when trans- has been recommended that water should not contaia$I

ferred to non-radioactive solutians, they quickly excrete more than 500 rng/l of calemm chloride (2S4). On tla
the Ca 45. See also Chapter VIII. ther 1 and, it has also,been stated that small quantiti.s $no.' cooj

3
For a flatworm, Polycelis nigra, the threshold of tox, f calaum and magnesmm chloride, even concentratroce ig-

' icity of calcium has been reported as 2000 mg/l when of 40 to 50 mg/1, are obj,ectionable in domest2e water 'uoot

calcium is present as calcium chloride; and 1200 mg/l supph,es because of taste and hardness (32).
ng

b. Industrial Uses. The following are reported mui, ij.gwhen calcium is present as calcium nitrate (608).
The lethal threshold concentration of calcium for mum concentrations of calcium chloride permissible la Igr

' w
h stickleback is reported to be S00 mg/l (353,2941). Thinness of shells of fresh. waterC'*[,'"$,"

brewing waters:
f. Shellfish Culture. g

mussels is associated with a deficiency of calcium in the g
200 173

'.istillep
'

Brewing, light aod dark 100 170
*" )* riod mBrewtog 30 170

CACO 2 nrewf og, pale ales, I 8* II0 '""
CALCIUM CARBONATE P*I' 'I''' ll 55-110 170 :g/lL

mild mica(see also Calcium, Carbonates) 110-165 170 (644).stout
Commonly found in nature in the form of limestone or In high concentrations, calciu:n CALC)calcite, this salt is difficultly soluble, having a solubility c. Irrigation Use.

-

product of 0.87 X 10-8 at 25,C (911). Its concentration chloride in nutrient solutions will reduce plant grod.
showed that an in. (see

Gauch and Wadleigh (3376, 3377)m natural or treated waters is, mfunately linked with
crease of one atmosphere in the total osmotic concentra. Kn3

the complex carbonate eqmlibria (see Carbonate,s). In tion as the result of adding CaC12 (about 1775 mg/1) to throu
additmn to its natural sources, calcium carbonate in mo- the nutrient solution reduced the dry weight of red 15 m
lecular or dissociated form may be contamed m mnumer- kidney bean plants by 15.5 percent while 3550 mg/l cf flul

able 3ndustrial wastes. The references described below
d3 caused a 2G percent reduction. On the other hand, th I: stefpertam only to calemm carbonate molecules and not t

-

guayule plant was shown to be very tolerant of CaCis.e ram
the effects of calcium or carbonate mus, which are re-

making satisfactory growth in the presence of 3 atm s-
hams
3N1"

(alat
pheres of osmotic pressure from added CaCl(3378). One a'mosphere (1775 mg/1) of f kill ti3n3f

ported elsewhere. 2

T e. tag'th7eihM(o[,caWm~Bigioiisfe'hais bee
Fp[rtgas Qt_o.200 pag /L(621 Gat,eTtTKaised35390 mg/1)

elded CaCl2 reduced the dry weight of rice straw, rich | AbiD'nmkmg Jce slioulib(treate,d.if.the total,concent~rati$n
o

,

grains, and rice roots at maturity (3379). Two ate:s-injured four varieties of faWp If f,calem m , an d . mag nesmm . carbon a t es as . more than .70pheres of added CaC1fng/L(168). Calcium carbonate in water appears to be 'fAL2;

grapes grown in sand culture (3350). It should be reefnecessary to permit complete utilization of food ,by!
nized that the foregoing concentrations of one and tre| I-

aquatic ammals (1008). For the effects of addmg hme atmospheres are far higher than any likely to be fon:I j Med
,

on the productivity of lakes, see Calcium IIydroxide.
j

Wallen et al. (2940) studied the effect of adding cal- in irrigation waters. The following eco- t ('|'.'>d. stock ana wildlife watering.
cium carbonate to highly turbia waters containing the centrations of calcium chloride have produced the nc'.td 4.[, ".O
mosquito fish (Cambusia afinis) at 19-21*C. They found l
that the DG. hour Tiu was greater than 50,000 mg/l of effects on animals: a%
calcium carbonate. At this dosage, the turbidity was C "fc"aY. Et W 2, n"

reduced from an initial value of 260 mg/l to 35 mg/l. in mg/l Animal Efecto

N%
i$$$o $ f#llt'ere i''d "Jti'pr'oTu'c"tTo"n

' 2:
| CaC12 ,g gof norrnal ntters #
i CALCIUM CHLORIDE rnoderate effect on20.000 4 5.000 cows

This salt of calcium is highly soluble in IE2rNr""s* *E'E'I>>oduction '"Te.' .^jt

1. General. D2o.00o 25,000 rat. !%, | ?water. Calcium chloride is used in brewing and in tuanu- Q%%$.go,oo, L'ix,n. fE#r"5's E*Er '"$'*
tI

facturing mineral waters. It is found in wastes from
bromine and salt works, oil wells, and, surface run-off 2gjgo , rats , ggd,witn, tacta,tgn g

, 20- -

,

is,ooo r a t. causeo oe th
from roads treated agamst dust. Calcium chloride in o

MA%
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,

atomic weapons. See Chapter VIII for information on bonates may be responsible for the absence of Diapto-
g1 concentration factors.

mus franciscanus, a crustacean, from certain ponds near
San Francisco. In general, it may be expected that car-

f Organic carbon, the carbon oxidized by dichromate or bonates, in themselves, are not detrimental to fish lifeF another strong exidizing agent, is frequently determined but their buffering action and efIect upon pH may con-
in polluted waters and benthic deposits. As in the case#

. of B.O.D., this test measures one significant criterion of tribute to the toxicity of high pH value.

)$ the strength of a waste, but it is not per se a potential
CARBON CHLOROFORM EXTRACTpollutant.

The 1962 USPIIS Drinkin- Water Standards
UAISOW4Q CO -~ (2036) set a recommended limit of 0.2 mg/l on carbon2%o chloroform extract based on analytical techniques de-

/ 1. General. The concentration of carbonates in nat.
ural and polluted waters is a function not only of the veloped at the Robert A. Taft Sanitary Engineering. ro.

substances added thereto but also of the temperature, Center (3001, 3353, 3354, 3355, 3356). In this proce-og

P , cations, and other dissolved salts. A full discussion dure, a sample of water varying from 100 to 75,000 gal-g of
II

of carbonate equilibria is beyond the scope of this report lons, depending on the source of the sample and the an-stic'

and the reader is referred to the work of Langelier (692). ticipated amount of extractable material, is filtered@id'

For a review of the relationship between carbonates, through 1200 to 1500 grams of granular activated carbonici.

7' at bicarbonates, and pII, see Bicarbonates in Chapter VI. at a filter rate of 2 to 10 gpm per square foot. The car-Nbe

g og Inasmuch as many of the carbonates are quite insoluble bon is then air. dried and extracted with chloroform. This
in water, generally more so than the chlorides, nitrates, solvent does not recover all of the adsorbed material nor
or sulfates, there is a tendency for certain carbonate are all organic substances adsorbed, but the materials
salts to be removed from polluted waters by precipitation recovered by this technique are representative of the
and adsorption. For these reasons, carbonates are less taste- and odor-producing components of waste water.
widely present than chlorides and sulfates in western CCE concentrstions of Ohio River water have beeng irrigation waters (275). reported to range from 0.1 to 0.36 mg/1, and the raw

2. Cross References. Alkalinity, pII, Bicarbonate, IIy- water at Nitro, West Virginia bad CCE values of 0.17
droxides, Chapter V-Irrigation. to 3.05 mg/l (3357). In contrast, only 0.024 mg/l of

CCE material could be recovered from the Columbia3. Egets Upon Beneficial Uses.
FDoignesticJWjfir7dpplics.XTlie3SFiiSYIiBil- River (3102). Gasoline can cause taste and odor if the

tlo3s bydrocarbons are present in amounts of a few micro-
(a car 1I<iniffs in nitilfalVaf7rs|notin,lacfii@fift(treat
ing V6 der Stin,darliEf 196272036)'~p '

s ~cheinicallf grams per liter (3102). Water from clean sources rarely
)C gateis'n's.ias 'done'in the11946. stindsrdIQIIibrard;(250 e exceeds 0.05 mg/l of CCE substances while water that

Vecoin;m~ ends tlist.the con'cEhtratios"of'?arb6na,g/1,.(33..exceeds 0.20 mg/l usually is of poor quality from a tastei@stes,
_iskmg an,d cooking wagr be_kep,t below"20 mg and odor standpoint (3358). Middleton and Lichtenberg

0.a(a aHnityMIn hisj,iscussion_of alkalgwg&ihl (3356) report that CCE concentrations of 0.1 mg/l or
-

dia- 5 ontana Cobleigh.(670)_ points out.thatTirbonates.and' less occurred .in the follow.ing percentages of samples
3' a*[s hearbonateI.11i.drI612inTiratifs7Eact;with gastfTc'juic'egE

l NEetinics'tb"the'i!o'n'sumerVbEcfit11Te priseists'i'rii6di_ from five major rivers:

3y Wd_listT of'USGS ~ data'thaf7IFeE 350'rng/1~bf' cirbod- ohio niver _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 50 pe rce n t"

'ates arthicin~c7n't'ratiolhnbElthful to'isosQeopli Mininippi River __ _ _ _ __ _ _ _ _ _ __ _ __ 72 percent' ^

dinDdJhekhart (32%the Ts't'e''.tlireshold, otf
~~ Minouri River ._ __ _ ___ _ __ _ _ _ _ _ _ 90 percent

' c C'I '8d R '''' - -- - - - -- - - - _ _ - . 92 pe rce nt
bonata- ine distilled' Tuter,Lwbji'_addedUnsir'odiliul3 tin'r ir

33
" - - - " " " - " - -

Year @dN5I8 MEM
gses. . b. Industrial Water Supplies. Excessive carbonates According to Derby et al. (2062) analysis of available

laterfere with acid and carbonated beverages (see Alka- data indicates that water supplies containing over 0.2ans,
|they liaity), with brewing, with ice making, and with boiler mg/l of CCE reprecent an exceptional and unwarranted

3 plI vater (see Chapter V). For boiler feed water, the per- exposur- of 'he water consumer to ill. defined chemicals.
G pot missible carbonate concentration is a function of pressure
pred in the boiler, as follows (152): CARBON DIOXIDE CO2

B the g,,% 1. General. A colorless, odorless, non. combustible
a Pressures, psi Concentration in ma/Igd gas, constituting about 0.04 percent of normal air (330),

, co o_ iso 200

beds. 150-250 100 carbon dioxide is highly soluble in water. At one atmos-

, [$ $ phere of partial pressure, pure water will absorb 1688

pets- mg/l of CO2, (911) but at 0.0004 atmospheres the dis-

t by Por brewing, carbonate concentrations should not exceed solved CO2 will be only about 0.7 mg/1. The source of

les 50 to 60 mg/l (see Chapter V). free carbon dioxide in water is seldom that from the airo

is a product of aerobic or an-e. Fish and Other Aquatic Life. For the effects of phase, however, for CO2

'Muionia, potassium, and sodium carbonates on fish and aerobic de:omposition of organic matter and it is inti-8

phnia, see the appropriate cation in this chapter. mately bound in the complex carbonate equilibria (see
, ggg
ggof 'dgepeth (1085) claims that the presence of free car- Bicarbonates and Carbonates).

O

^ - . _
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Iron
plution. Its disinfecting power, therefore, is not at- ters may be polluted by iron. bearing industrial wastes

mattertributable to the 110I molecule or to iodide, but rather such as those from pickling operations and by the leach- ;
h molecular iodine or possibly to tri. iodides (1216). ing of soluble iron salts from soil and rocks, e.g. acid- quently'

%xtensive unpublished research on the mechanism of disin- mine drainage and iron. bearing ground water. Furti eqf
3etion by iodine and the effects of iodine upon human Although many of the ferrie and ferrous salts such as describg

physiology has been performed by Fair and others at Ilar- the chlorides are highly soluble in water, the ferrous b.Inf
Jard University. }odine has been used successfully for ions are readily oxidizea in natural surface waters to mended

d

;he disinfection of water in swimming pools (3501) with the ferric condition and form insoluble hydroxide:, waters q
esidual concentrations of free iodine in the range of (3510). These precipitates tend to agglomerate, floccu. has beeq

L2 to 0.6 mg/1. late, and settle or be absorbed ' n surfaces; hence, theo

There is extensive literature dealing with the relation- concentrat~on of iron in well-aerated waters is seldom Imfiard%

)ip between iodine deficiencies in water or food and the high. In ground water, the pII and Eh mav be such that B8kioO
neidence of goiter, but a thorough review of it is not high concentrations of iron remain in solution (3510' B " "i"I

Within the, province of this,siarvey. To osercome an io- 3520). $$"f
dme deficiency and to mimmize goiter m the com- The following material deals with references to iron Confecq

,

pnunity, Rochester, New York, added iodine to its water or iron ions when no designation of a salt or anion has sect m
tupply from 1923 to 1933; but, owing to economic fac- been made. For literature covering the various ferrie Ndd
yrs, th,e availability of a superior vehicle (salt) for the and ferrous salts, see the cross references. Dp1
Apersmg of no(h,ne, and the adverse effect upon certain 2. Cross References. Ferric Chloride, Ferric Oxide' Laundd

"U

.

Y[P 8,9
$ndividuals sensitive to todme, the Rochester exper,iment Ferric Potassium Snifate, Ferric Sulfate, Ferrous Car-
was abandoned and further mass treatment for iodme 1,onate, Ferrous Chloride, Ferrous Sulfate, Chapter VII-
aleficiency was dis < ouraged (152, 330). The iodme con- '

""""d*"' N'89ent of blood appears to be independent of the iodine in 3. Effects Upon IIeneficial Uses.
Domestic 3ter Supplies %JTliM6_

. g ,, gdome.stic s uer supplies (T,.iO5 350G).

$.cr.,Jtawda7ds..oLthe USPIIS:(2036);m,2MhiriQA_
Krarr

13]It has been reported (ISSG) that 8 mg/l of iodine de- c4 eluded |aires noe
wrovs all forms of water.bvne pathogens, but no ad. i,ron.ye:195SgIfQ yag;n

Un_tg"na%1_ limit of.0.3:mg/l totional. St an dards -(932g cont ain . a." permissibliters'e a!7ects were noted when personnel in the tropics mmpn ,

7 a n;,,tised drinking water containing NaI at a rate of 12 mg
ing/l b'ut prescrib.e n,gjan& excessive lim,G,, oU0lhmit . oL O.3 -mg/l T.une

$f iodine per man per day for 16 weeks and 19.2 mg per _

o_masunmn allowable limd. The 1961da" for the next 10 weeks (1587).
i'llis (313) quotes references to the effect that 28.5 WilOTur pean Standards set ,a recommended limit of c. Irq

N *that dr.E/I I F ir n. S me authorities (1217,1218) ma, .
of irrig.1mH#g/l of iodine killed minne s and goldfish. tain mkmg water should not conta,m more than tions. It

With the advent of nuc1 ir test.mg and llje extens. 0.1 mg/l of iron. practiceive

a chlorosi3ye of radm, otopes m mec me and mdnstrial research' ..'m -EHIS51XIimitsi. arei.~bTied T20t ~>upo9n
.

-Uradiomdine (I.131) has 1_come a sigmficant enviro- d. St<3yp b~ica Q ony @ mns. for .arengn; trace amoun
s essential for nut.rit, rat.

g: mental factor. The maximum permissible level of I-131 ion.f.Ilideed, larger <;uantities o constit u-
Iaken fonthyrapeutiefpurposes-(5533]7)go|in drinking water has been given as 0 03 microcurie per
-

gTh tive to .

b'*II ' nutritional requirement. a,s712 to 2 mg, andjmos not dr,rliter (3375, 3507, 3508). Algae and other plankton con. i

J 3)ntrate radioindine from water by factors in excess of
(djetsyontam 7,to,35 mg per day, wyth ,an average of 1

quentlyr
100,000 within a few day.s after the iodine becomes avail- nseqwntly, drmkmg water.contammg 2ron.m unpa! e. Fu,

'able (3509). For further informati<.n on concentration (Mund unesth' etic umeentrations,;say-1.0 mg/1, won <nces d<
| factors, see Chapter VIII' shlittle cliect'eni he total dailyiintakd terms of

{ Mad. ptphysiologientma.tonstth'ei efore,.lbeUiiiiit
t

iron is tr|IOD0 ACETIC ACID CII 1COOH2
. . disi;tsed'otCcsthttie5 rid.tsste corisidErationi Iron and or nitra1

| Th.is white cryctalb.ne substance is highly soluble in inanga'iiise tend to precipitate as hydroxides and stain or ferric
ater. liiatt et al. (3U0) found, ti at 10 mg/l of iod - laundry and porcelain fixtures. It ha's also been reported cipitates

!d produced a inoderate irritant activity m ma- (1160) that ferric iron combines with the tannin in tra ticn ; bs,ea

' ' to prodnee a dark violet color. strongly
lower 12The taste threshold of iron in water has been given'IPC (3511) as 0.1 and 0.2 mg/l of iron from ferrous sulfate the depc

(see Chapter IX) and ferrous chloride respectively. It ha also been re. cause ao
nds.F,r

bONBACTERIA p rted (3300) that ferrous iron imparts a taste at 0.1 str.othermg/l and ferric iron at 0.2 mg/1. In contrast, Lockbart
(see Chapter VII) et al. (3211) indicated that the taste threshold of ferrie Knig'

sulfate was 10 mg/l of iron. Using a statistically con. making
430RE Fe trolled taste panel, Cohen et al. (3301) found that the wastes (

1. General. Metallic iron and its common alloys are of median taste threshold for ferrous sulfate in spring wa- spee,fer:
Fen,

died,nterest in %is survey primarily because they are cor- ter occurred at 1.S mg/l of iron, but for the most sen-
%ded by water in the presence of oxygen. The resulting sitive individuals it was 0.12 mg/1. Similarly, for ferrous salts ki!
: products of corrosion, in which the iron is in the ionic or sulfate in distilled water, the median taste threshold sticklebt

| mole 2nlar state, may in themselves be pollutants of concentration was 3.4 mg/l of iron but the most sensitive 2500 nr

w:ter. In addition to corrosion products, natural wa- individuals tasted 0.04 mg/1. to coatir-

D
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Iron in domestic water supplies containing organic the gills. According to Southgate (346), the toxicity of
catter may be present in chelated form and conse- iron and iron salts depe:ds on whether the iron is
quently will not precipitate readily (2338, 3510, 3512). present in the ferrous or fcnic state and whether it is
Furthermore, it may occur 'in microbial protoplasm as in solution or suspension. The following limiting con-

) described under part 3e, following. centrations have been noted:
b. Industrial Water Supplies. The ranges of recom- Concentration e/

mended threshold values for iron in process and cooling Iro" i" mg/l Remarks Re/cre.ce
0.2 ThreshoM concentration forwaters cre given in Chapter V. Most of this information

hs been reassembled and tabulated below: $t *"_#)__ _* $_'_*__ 1023h _ ___

Range of Recommended 0.9 Carp will die at this con-
1.hstrial Use Threshold l'atues in mg/l centration if p1I is 5:> or

I "'r - ----- --- - -- 306) Bating ' O'
Brewing _2__ 222_l 03to1.0 1-2 Death of pike tench, and

trout at pl1 5.0 6.7_ _ _____ 1459,15SS
Czrbonated beserages ______________ 0.1 to 0.2

1-2 No deaths among dogSsh
Cooling water _____________________ 05 d u ring one week ___ _ ____ _ 3415
Con fectiona ry _ __________________ 0.!

'1-2 Indicative of acid pollution,

Elrctropla ting _____________________
O.2
t caces and other conditions unfa-

Food ca nning and freezing __ _ _ _ __ __ ma to 6sh_ _ __ _ _ _ _E
Food equipment washing ___________ 0.2 5 Killed dog $sh ,n 3 hours __ 3514i

}' Food processing, general _ _ _ __ __ _ _ _ _ 0.2 10 Caused serious injury or
La u n d e r i n g _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 0.2-1.0

'" h * *
Oi!# ell floodi n g _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 0.1 5metu_________;__ W
Photographic procemes .____________ 0.1 40 Not lethal to, Sr.gerhngPufp and paper making * " "' #* * *

Ground wood pulp ______________ 0.3 -

"* * ** ""*
Soda pulp _______________________ 0.1 " * * * * " ' ' - - - - - -Kraft pulp, bleached ___________ 0.2 50 Upper limit for Esh life.__ 601
K raf t p ulp, unbleached _ _______ 1.0,

_) Fine pa pe r pulp _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 0.1 Waters that support good fish fauna in the United

Te t t ile ma n u f a ct u re _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ______ ___________
N ' ".03

[u*j,"," ["|t; [g"" **)"" ZZZ- Z States, according to Ellis (310), have the following
Ta n ning processes 0.1 to 2 0 conce:itrations of iron:

0.1 to 1.0 Concentration of Percent of TFaters Faring
.

Iron, in mg/l This Coscentration, or Less
c. Irr.igat. ion. Iron .is one of the minor constituents 0.0 5

of irrigation water, usually occurring in Ihw concentra- 0.3 50

) tions. It is generally of little importance in irrigation 0.7 05

practice (2CS). Chelated iron has been used to combat
thlorosis in plants. Crenoth rir, Cdlm.iella, and other iron bacter.ia utilize. . .

ir n as a s urce f energy and store it in their microbial
d. Stock and Wildlife Waterinw. Iron is an essential protoplasm. They may accumulate in wells, treatment

,

constituent of animal diets (553) but animals are sensi_ plants, pipelmes, and other waterworks structures; ortire to changes in iron concentration (915). Cows will they may pass into the distribution system and cause
not drm. k enough water if it .is high in iron, and conse- cystoener complaints (2700,2701,2705). At Wilmington,

. . . -

cuently, mdk production is afTected (519). Uifornia, where the residual iron content was only
e. Fish and Other Aquatic Life. Most of the refer- 0.025 mg/1, Wilson (1219) found growths of Crenothrir.

ences dealing with this beneficial use are expressed in Trouble with this organism is experienced frequently
prms of spec,ific iron salts (see cross references). When when the iron exceeds 0.2 mg/1.
Iron is added to water in the form of chloride,s, sulfates' Radioactive iron, Fe-59, may be concentrated b'y cer-
or n,trates, the salt dissociates but the resultmg ferrous tain microorganisms in aquatic and marine (nvirontnents.i

g ce ferric ions comb,ine with hydroxyl ions to, form pre- For further details on concentration factors for radio-
,

eipitates. Ifence, very little of the iron remains m, solu- nuclides, see Chapter VIII. The following concentration
,

-

t,cn; but if the dosage is sufficient and the water is not factors have been reported for FmS9:i

strongly buffered, the addition of a soluble iron salt may

lower the,pil of the water to a toxic level.,lls of fish mayC' "',',,"|," '',* *Furthermore, g,,,,,,,, y ,f,,,,,,,

the deposition of iron hydroxides on the gi 720 1030 nagenste, Pra tymonas 33s6
aluse an irritation and blockmg of the resp,iratory chan- m00 vertebrates, sof t parts 2440

15,0-44s0 . alga, ocAromanas 33sog nils. Finally, heavy precipitates of ferric hydroxide may
Smother fish eggs (346, 2109, 3513). 4:20 diatom. Natic=Ta coal- CS8'

Knight (540) tested the effects of wastes from nail- $ 23t n , N *,$'" $N,' ''b ' *

inaking plants on trout, stickleback, and perch. These c000 nageriate, cAiamydomonas 33ss
tastes contained high concentrations of chloride, hydro. 7500 Bagellate, RAodomonas 3356

ten, ferric, and ferrous ions, but the pII values were not 10.000 65h 2438
M 000 3"'ertebrates, soft parts 2 408pecified. Concentrations of 1000 mg/l of these mixed

] ults killed most fish within a few hours, but hardy $$ (*,''",",.','''#*"" $
stickleback were not killed until five hours exposure to 100.000 Plamentous afsne 2436
2500 mg/1. Much of the killing action was attributed 100.000 invertebrates, skeleton 2440

to co: tings, of iron oxide or hydroxide precipitates on 200.000 phytoplankton 2430
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4. Summary. On the basis of the foregoing informa- 2. Cross References. Sulfite Waste Liquors, Soaps
tion, the following concentrations of iron should not be Resins, Mercaptans, and other substances noted above,'
deleterious to the designated beneficial uses: 3. EtTects Upon Beneficial Uses.

a. Domestic Water Supplies. Kraft-mill wastes dis.nom stie wa t er supply ____ _ ______ ___ o.3 rog/lg I nd u strial w at er supply _ _ ______._ _ ______ O.1 mg/l color water, cause tastes and odors, and raise the pII, Aa.
b.

report by the Technical Association of the Pulp and f'
IRON IIUMATE Paper Industries (CS6) states that a Kraft. mill waste

contained 33 mg/l of sulfide and 12 mg/l of mercaptans. |

(see Ilumic Acid) To render it odorless, a dilution of 1: 50,000 was re. '

ISODRIN quired ; but af ter chlorination of the waste to a 1.5 rng/l |
residual, the required dilution was only 1: 40. Insofar as !

D (see Chapter IX) domestic water supply is concerned, the elimination of i

ISOPRENE C:,lis tastes and odors appears to be the controlling factor. |
b. Irrigation. Stabilized Kraft-mill em u ents have been :

This unstable, oxidizable liquid, insolubic in water, is used directly for spray irrigation of several crops. The ;
used in the manufacture of synthetic rubber (364). Ac. yield of crops was increased and there was no damage !
cording to Klimkina (3113), it has an odor threshold in to the so I result,mg from contmued applicat, ion for sey. *

eral years (3522). jwater at a concentration of 0.005 mg/l. For warm-
$ blooded animals, the threshold limit in drinking water c. Fish and Other Aquatic Life. Most of the refer- gis 5 mg/l, but deoxygenation of wastes is not inhibited ences dealing with effect of Kraf t. mill wastes on fish are

by 30 mg/1. expressed in terms of dilution, and inasmuch as the
strengths of the wastes are not kucwn the results in theIVORY SNOW following table are not strictly comparable.

(see Chapter X) Amanc
" " " * ' ' ' **"" "I'""'

3 JAUNDICE 1 :2 : *ish KtHed in 7 minutes ____ ___ (33
i1:20.s socun satmon qyt,mym/lc7ntrauon ____ isn(see Chapter VII-Infectious IIepatitis) a

1 :200 Fish Kmed__________________ ggt

l!!$$ S$ fr'rYIa#tififur66f Mhea Z:: !!! $KELTII AN E *
!!!$$0 rah xmea in so ears or iem_ sn(see Chapter IX) 1:1000 Fry and

1 M00 F h ! Z'_Z Z __- Z Z Z Z 'kN
] KEROSENE

(see Oil, Petroleum) The Department of Fisheries of the State of Wash.
ington (2091) conducted tests with synthesized Kraft.

KRAFT PULP MILL WASTES mill emuents and salmon. It was found that older chi.
1. General Certain types of wood, primarily conifer- nook salmon in Howing sea water were least tolerant,

ous, are pulpec in digesters with a strong caustic solu- requiring a dilution of 60 to 1 to prevent a kill. Silver
tion containing sodium hydroxide, sodium sulfate, and salmon in flowing fresh water required only 30 to I.

O sodium sulfide. This procedure is known as the " Kraft" For black liquor, itself, chinook salmon required a dila.

process. When sulfur compounds are not used, as in the tion of 1093 to I in aerated sea water.
pulping of deciduous wood, the digestion is known as the In a report of the National Council for Stream Im. }|t" soda" process. In either process, the concentrated alka- provement, (690, 3523) the toxicities of various compon.
line wastes that are drained and washed from the pulped ents of Kraft mill waste were compared, as shown in the e

Irood are known as " black liquor" Economy of opera- following table:

i)
3fiaimwm LetAar conantratioas. r>'antion dictates that such black liquors be kept as concen-

|3 trated as pouible and that they be processed for the waste componen afinnoics nor A nia In,cet Larive

retoscry and re-use of the sodium salts. In well. operated sodium tyaroxide ____ __ _ __100 100 1 s -2000 y

sodiu m s uita re _ __ _ __ _ _ _ _ , 3 00 5000 __

soda or Kraft mills, therefore, the only liquid wastes re. --- 3
sult from rinse or wash waters that are too dilute to be Q"L" $dj,,,--

-E!Z _ 300 Z
~

' 50 00

recovered ceonomically. ' sodium suirite _ __E _ _ ,j

Elack liquors from Kraft mille, although having a 3rethrt enercapta n __ ____ ___ o.s 1 50
cruae sutrate soap __ _ _____. s.o s 10 no

much lower B.O.D. than sulfite waste liquors, have been 3
J shown to be m,nch more toxic to aquatic life (4G5, 6S3, y,g",'jd]P 17:;7 j floo gm

,

CSI). This toxicity appears to be related to the sulfur In a subsequent report (3501, 3503) the N. C. S. h
compounds, espccially the mercaptans, and the resinous listed the minimum lethal concentrations (for 100 ptr.
and fatty. acid components (GSS). Kraft-mill black liq.

cent kill) and the maximum concentrations for no 1illuors emtain mercaptans, dimethyl sulfide, turpentine, ven components of the Kraft-mill effinents toward |e{
methyl alcohol, ammonia, lignin, fatty and resinous of a ,q
acids, formic acid, acetic acid, lactonic acid, and sodium kig salmon, silver salmon, and cutthroat trout. The re- j

sults are shown herein under the specific chemicals, of- ;e
satts of organic and inorganic acids. . ost of the organicM
com dtuents of black liquors are derived from the cellu. hydrogen sulfide, methyl mercaptan, sodium sulfide, P d

lose. binding substances in the wood, such as the lignins,
dium sulfhydrate, sodium hydroxide, sodium carbcat'- 'd

5
and sodium sulfate.pectins, and hemicelluloses.

2
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fineries. Turnbull et al. (2093) conducted bioassays with in the soldering of aluminum. It is also used in the manu grams
this substance in Philadelphia tapwater, using bluegill facture of mineral waters and it may be found in some. concent,

su, fish (Lepomis macrochirus) as the test fish. They natural mineral spr.ngs (364). ' at pH'

distilled water killed goldfish in 22 to 27 hours (313)' j treatmt
In a concentration of 3750 mg/1, lithium chloride infound a 24 hour TL., of 2.0 mg/l as lead and a 4S. hour

h TL,,, of 1.4 mg/1. They estimated the safe concentration but ins
at 0.20 mg/1. For mature small fresh-water fish, the lethal concentra ! scribed

tion in 24 hours of exposure was found to be 2600 mg/1, ' despite' naenesLIGNASAN
The data gathered by Powers and by Iwao indicate that | The ilithium chloride at concentrations between 1950 and(see Mercuro-Organic Compounds)
3770 mg/l can kill fresh. water fish in about one day, ;its salts

'
LINOLEIC ACID AND LINOLEATES or swner at warmer temperatures (1459). In contrast Magnes

(see Fatty Acids) with these high concentrations required for lethal effect, f in othe
one German publication (2977) reports that 100 mg/l of electILISSAPOL (NONYLPHENOL ETHYLENE of LiCl is toxic but 33 mg/l is barr. fess to fish. ions ar,

. IOXIDE CONDENSATE) The threAold concentrat. ion for immobilizat. ion of that th.

in Lake Erie water was found to be less , hardne(m (napter X) Daphnia war, a waters,
,

i9S); but in River Havel water at 23*Cthan 7.2 mg/l sLHWE 1 The1
the threshold of poisonous effect was observed at 16 mg/l | which rH

J (see Cale.mm Hydrox.de)i during 48 hours contact (2158). With the protoioan
Mer nyma as the test organism, food intake was inhib. ,0f assotLINDANE scribed-
ited at GG n.g/l (3343). Toward Scencdcsmus and Eschc. ' salt.(see Chapter Ib.-Benzene Hexachlor.de) richia coli, no toxicity was evident at concentrations lessi

than 1000 mg/l (215S). In order to evoke stimulation ! 2. CELITHIUM Li and movement of the water bectle, Laccophilus maculosis
a LiCl conecutration of 19,500 mg/l was required (2956)[ ] Solids '(see also Litln.um Chlor.de)iq 3' Ef'

J .\s one of the alkali metals, related to sodium and It has been reported that dilute concentrations of LiCl | *pota'sium, lithium is not widely distributed in nature, are deleterious to the ergs of various aquatic organisms, I
heing foumi in a few minerals and in certain spring retarding their developioent and producing monstiosities .8TI"I '

quiremawaters. Heing very active, the metal does not ocent in (1467). Kiag demonstrated that concentrations of SIS Magnes;the elemental state and when purified as such it must be mg/l were highly toxic to fly larvae, preventing emerg.1
" l a p.protected frem water or oxygen. It ,s used m metallurgy ence of offspring and retarding development of both trat.i

iongin medicinal waters, in some types of glass, and as lith- larvae and pupac (1592). ) unpleas-inm hydroxide in storage batteries. Hibbard (250) rec-
, t,ons, nommends, without references, that lithium in water for LITHIUM FLUORIDE i

LiF ,larly ujdrinking and cooking purposes should not exceed 5
Th.is moderately soluble salt .is used as a flux for solder. ' developgf;

iyg and welding aluminum and in the manufacture of f The
Barbara County, Caliform. s has been identified in Santavitreous enamels and glazes (364). The oral LD e forILithium toxicity in citru

3 d

guinea pigs is 200 mg/kg of body weight (3271). The[$""")'g"g'
a. In green. house experiments,

G2 and 5 mg/l of lithmm, sulfate (m air. dried soil) cagised lethal dose in 4S hours for the fish, Tinca vulgaris, is
j"jthe appearance of toxie symptoms m orange seedbngs reported as 20,000 mg/l (3271). , 0 mg/lwition G months. In the field,1,2, and 4 mg/l of lith,umi

chh; ride in the soil have caused symptoms of lithium LITHIUM SULFATE . " * ""S t
"

toxicity.
pean,

(see Lith.mm) 125, mg/Various irrigation waters in the area were found to
*contain 0.015 0.0S0 mg/l of lithium. Possibly lithium LOROL METASODIUM SULFOBEN7OATE I L.umts] po%nmg has resulted from the accumulation m ground (see Chapter X) propose <

;
of toxic concentrations over a long period of time. Al.
drich (1591) and his collaborators are making further Tard rei
studies of the effects of 0.05-0.1 mg/l of lithium in ir. KA,GRESIUM] Mgjium of
rigation water. 1. General. As one of the most common elements in mg/l for

the crust of the earth, constituting about 2.1 percent of Baylis s-
LITHIUM CARBONATE Li:CO8 it, magnesium is widely distributed in ores and mineral / ranging

] This light white alkaline powder, quite soluble in (3G1). Because it is very active chemically, it is not found%ater (4
water, is used in the production of glazes on ecramic and in the elemental state in nature. With the exceptian of Ooudey
electrical porcelain (361). It was reported in 1923 that the hydroxide at high pH values, its salts are very to domes
concentrations of 295 516 mg/l of lithium carbonate re- soluble; even the carbonate will dissolve to the extent: Thet;
f arded larval and pupal development of Drosophila me- of 100 to 300 mg/l at normal temperatures (361, 911)Seen rep
lanogaster (1592). The solubility of magnesium hydroxide is governed by individu.

e4U36 n: ! The aLITHIUM CHLORIDE LiCl3 [Mg"] [OH-]2 = 1.2 X 10-" at 18 C and car.<(see also Litin.um) -

A white deliquescent crystalline solid, lithium chloride Thus, at pH 7, magnesium ions theoret.ically can ye =agnewhvestigt
is highly soluble in water. It is used in pyrotechnics and present to the extent of 1200 mols per liter or 2S,500 nesium -

:-

D
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grams per liter, but at pH 10 the maximum possible nesium, rather than calcium, is the bmficial element in
concentration of magnesium ions would be 28.8 mg/l and reducing cardiovascular attacks (see Ilardness)..

'

at pH 11 only 0.2S8 mg/1. This phenomenon is useful in b. Industrial Water Supplies. Like calcium, magne-
sium in small amounts is beneficial in the mash water for} treatment processes to remove magnesium from water,
pale beer (175,1074, 3344). Afagnesium in water used

. but insofar as natural waters are concerned it is de-
scribed herein merely to show that at common pH values for preparing developer solutions causes spots on fihns,

,
magnesium ion may be present in high concentrations if it is precipitated out of solution (242).

I despite the apparently low solubility product. The limiting or threshold concentrations of magnesium
' The industrial and commercial uses of magnesium.and that have been recommended for various industrial

its salts are many, as described hereinafter for the salts. waters are described in Chapter V. The following table
:

3fagnesium metal is used as a constituent of light alloys, is extracted from that chapter:
in other phases of metallurgy, and in tie manufacture neermewar. Git @mirtrf3M

i Process T.5yt p4HIF.F3f asos M cCI, Mp(RCosJs
| of electrical and optical apparatus (3G4). 3fagnesium

ions are of particubr importance in water pollution in yygna g g,, _ 7. - m gjj;jpg jpp;jjj gg
'

soda pulp ----- -- - _ - 22 -- - -

that they occur in significant concentration in natural
*UtE."N"frdiGW:::::::: $ :: :: !~i *

waters, and along with calcium form the bu!k of the r
i hardness reaction (see Hardness). c. Irrigation. 3fagnesium is essential to normal plant

i
. .

) The literature decribed herem deals w.th articles in growth (635); and magnesium and calcium cations in
which magnesium ions were referred to without mention irrigation water tend to keep soil permeable and in good
of , associated cations. ,Where salts were tested and de. tilth (268, 281, 348,1252). It has been reported that
scribed, the material is covered under the appropriate inagnesium in water in concentrations up to 21 mg/l
salt. will probably not affect seriously the condition of under-

2. Cross References. Calcium, Hardness, Dissolved ground water basins, growth of trees, or condition of the
soil (1060). In very high concentrations (3000 5000

) Solids, Tastes.
3. EtTects Upon Beneficial Uses. mg/l) 3fgC1s and AfgSO. have been toxic to the bean

par D 6nfestir WEfiTR 5FpliesQign_esm di"ts7n~M- plant (3376).'

tential'mIE3ral elcEEt for,1Wmanleings!tLEdailyirel d. Stock and Wildlife Watering. Animals require~

q'uirement of; magnesium _is . ab4ut. 0.L gramsi (2.95f magnesium salts in their diet. According to 3faynard,i

5fis5Esinir[is considered relatively. nod. toxic'to man'and calves require about 0.6 grams of magnesium per 100 lbs.l

! fot a"piblic. health hazard becduse,.liefo"reftoxic?codce - body weight, or 600 mg/kg iri the dry ration. Chicks
~

} Irationslare:Feached innate'r,.thegaste;be'c'oin"esMui require about 400 mg/kg of magnesium in the dry
At high concentr ration. The specific needs of other animals are not known

6 n pl easa n t 1 (633)';(seelaiso .Ta ktes)f'tive?e ffeci,"pa r tictl-(995).

~

tions,"iiis'gliesium salts haiellaxar

! lailv[uhonjiewlusers',.althoughithe:b'u' man' body" cah In the body, calcium and magnesium are antagonistic

j Melop, a tolerance to,magnesgm)ver,.,a, period'of_ tim 4 to a certain degree and calcium may alleviate symptoms
RhE19(61USPIISJrdiung_Kater.Standayds rc% of magnesium excess. Diets high in magnesium and low

, hiimended a,limgof;;125 mg/l.but,there is no hm{it-ni! in calcium can cause rickets (284, 295). Provided that
S ' 10G2' standards . (2036).LTh'l1958-WHO* Internboth calcium and phosphorus in the diet are sufficient,
the e

Standarils:(2328)ihave a ;"permissiblilimit" o however, the ingestion of a moderate excess of magne.
tional,/l and'an.t' excessive limit" of 150;mg/1, but:n slum in the food or water will not markedly disturb~

50 Jing

maximurd allowable concFntrationETh51061.WilO Eur$.l
calcium retention, although it may increase the calcium

pian # iandards~(2329)3Ee"a reconianende'd limit 20f requirement (284, 295).S r
thir' 'ad 3fagnesium salts act as catharties and diuretics among125?ih'g'/1[.b5[ if3h'eTsiilfateyxEeids 350 Yng/1,2m

s animals as well as human beings, and high concentra-tie' ium is limited to 30'rdg/1.

) 'fAmits' ranging-from-100'to'260;mg/i[hT[eTaTso'heeW tions in~ drinking water may cause scouring diseasese d

propoMd'f6F46mistic 5g@ lies;(9.4?c1059 among stock. Water containing less than 5000 mg/l of
.hard recommended a}lumtmgiconcentration of Dib7

'

magn 6- magnesium compounds is harmless to cattle which have
{Ium.of 10.mg/1.iiidaterifor drinkirig4and4ooking; 5 become accustomed to it (292). An interim threshold

and no magnesium for laundry (250). limit of 500 mg/l has been suggested by Stander (3373).
:ng/l for washing;liisitiiiHoncenirstI5 tis"6f_,, mag _n,esm

r
kay_ll's'sTg'ssfe'd Ingestion of mixtures of sodium salts and magnesium
/anging frbm.50 tol50;mg/l for;JoEr'diades.pf.drihkiii and nitrate ions caused poisoning among ducks (288).

) hvater (409). In his system for classifying ground waters e. Fish and Other Aquatic Life. The relative concen-
Qoudey suggested limits'from 1(to:125,tng/,lgacco_raling trations of magnesium and calcium in water may be one
b do nestic andJtidas1 rial tKes (992)- factor controlling the distribution of certain crustacean

.'ffe7 fast'e~thNshbld ffpr!niagntiiE-li@SMhM fishfood organisms, such as copepods, in streams (1085).

(f dividuil_itTis gifen'aCaboift S00!riig/li(3392)M. 'ecri1 rep 6rted (3241);as,100 mg/l and foEthfavqrsgE
Hart et al. cite a report that among U.S. waters sup-

i porting a good fish fauna, ordinarily 5 percent have lessi i
The negative correlation between hardness in water than 3.5 mg/l of magnesium; 50 percent have less than

} and cardiovascular disease does not appear to hold for 7 mg/1; and 95 percent base less than 14 mg/l (310),
magnesium as it does for cMcium (3368,3369); yet one 3fagnesium chloride and nitrate can be toxic to fish
invzstigator (3537) reports the favorable use of mag- in distilled water or tap water at concentrations between
nesium sulfate to treat such cases and claims that mag. 100 and 400 mg/l as magnesium. IIowever, magnesium

s-

- . . _ _ .
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d. Stock and Wildlife Watering. In experimental ani.t

chloride, nitrate, and sulfate, at concentrations between mais 4.0 grams of magnesium chloride per 100 grams of1000 and 3000 mg/l as magnesium have been tolerated diet causes diarrhea, loss of appetite and even death
for 2-11 days. Some fresh. water fish have been found (295). It has been reported that daily oral administra.in very saline lake water containing over 1000 rag /l of

,

magnesium as well as additional sodium and calcium
tion of 20 grams of magnesium chloride to pigs; 60)
grams to sheep; and 400 grams to horses had no detri.
mental effects. A dose of 1.5 grams has been toxic tosalts (1459).

As magnesium nitrate, 400 mg/l of magnesium is
toxic to a flatworm, Polycclis nigra, as magnesium chlo. ducks (284).
ride (353). A concentration of 300 mg/l of magnesium Magnesium chloride in water had no effect on tooth

has been reported to be toxic to stickleback (353,2941). decay among rats (1069). Water containing 10,000 to

) Magnesium salts in water affect the toxicity of copper
15,000 mg/l of magnesium chloride interfered with the

,

I

growth of rats (287). Water containing 10,000 mg/l ogtoward fish (1076). For further details on fish toxicity, magneium chloride and 5000 mg/l of calcium chloride
see the specific magnesium salts. was not harmful to mature rats, although it did inter.

i
f. Shellfish Culture. Magnesium was found to be fere with lactation (287). Water containing 5000 mg/l of

more toxic than calcium to mussels but less toxic than magnesium chloride and 20,000 mg/l o'. sodium chloride
'

sodium and potassium (353). inhibited rat growth (284). Concentrations of MgCl up2

to 9500 mg/l in the drinking water Lad no effect on the. Mg(C H 0 )2 4H O
food or water intake of rnale rats (2398).

l.
MAGNES 1Ulf ACETATE 2 3 2 2

(see also Mat'nesium, Acetates) e. Fish and Other AquaCc Life. Garrey found that
Th.is colorless salt is freely soluble .m water. Heller magnesium chloride added to water decreased the tox..

found that 15,000 mg/l of magnesium acetate m drink. icity of calcium and potassium chlorides toward fresh.
mg water permitted satisfactory growth and reprodue- water fish, and that calcium chloride decreased the tox.
twn among rats (287,2980), icity of magnesium chloride (307).

The following concentrations of magnesium chloride =
MAGNESIUM BICARBONATE bare been reported to have killed fresh. water fish:

(see Magnesium) 7 7

in mg/l Wa tw F xposure Fish Refuence

MgCl 6H O 47s distilled 4.c aays roicnows 313
MAGNES 1UM CHLORIDE 2 2 I7,,, g43* 00 - " "" 8

,1 General Highly soluble in water, magnesium chlo. ,

07s7 distilled 3-21 days sordfish 313r

ride may occur in water either naturally or as a com-j __
carp 3.as

ponent of waste waters from oil wells, road run-off, and s132 -_

4.C hours shiners 645
10000 -.

industry. It is used in manufacturing chemiaals, arti.
$ficial leather, cements, fire extinguishers and fireproofing fy turi >id fdh ur$L. ui o Ssh 10m

j materials, sweepmg compounds, and road covermgs 20000 _ 0.5 Lours ebiners 045

23S00 __ 24 hours Ori-ias 1459i
,

(364).
2. Cross References. Hardness, Magnesium, Taste' The highest concentration of MgCl2 tolerated by.

) Chapter V. y ung cels f r m re than 50 hours was reported to be
- 3 Effects U1 on Beneficial Uses- about 9500 mg/l (1459). Some fish-food orgamsms, such.

a. Domestic Water Supplies. The taste threshold of as Daphnia and other cladocera, are less tolerant of,

magnesium chloride and have been immobilized or killed.magnesium chloride in water has been reported to be
200 to 750 mg/l (621). Steya et al. recommended that within two days by concentrations of magnesium chlo.;
in order to prevent unpleasant salty tastes and possible e ride from 740 to 3500 mg/l (598).

not contain more f. Shellfish Culture. In 1890, Dean reported that the
appetite disturbances, water should,de (284). Thresh most favorable salt content for ovster growth is about) than ICS mg/l of magnesmm chlori
gates that much smaller quantities of magnesium chio. 30,800 mg/l of chlorides, of whicia magnesium and po-
ride, even 40 to 50 mg/1, can render a water useles.: for tassium chlorides constitute about 20 percent (314).
many domestic purposes because of its hardness (32).

upplies. Magnesium chloride MAGNESIUM FLUCRIDE MgF2
, b. Industrial Water S,th its suitability for some m.m water may mterfere wi This colorless salt is soluble in water only to the extent
dustrial uses. In boiler waters it is corrosive (855). of S7 mg/l at IS*C. It finds commercial application in

;

'

The following maximum concentrations have been rec. the ceramics and glass industries. The oral LDa foe
ommended : guinea pigs is 1000 mg/kg of body weight (364)., Te

kill tench, a concentration of 10,000 mg/l was requiredun concen tra tion in ,,g/l Rdere ne,

!
Brewing 200 173

nrewing 100 170 (3271).

.
MAGNESIUM NITRATE Mg(NO3)2 61IdIce, raw water 171 173

c. Irr.igat. ion Use. Irr.igat. ion with effluents of high (sce also Magnes.mm, Nitrates)) magnesium chloride content did not appreciably affect This freely soluble compound is used in pyrotechni?| the yields and composition of hay (1253). At concentra- The taste threshold of magnesium nitrate in water,d
E

tions in excess of 2000 mg/1, MgCl2 inhibited the growth reported to be 500 to 800 mg/l (621). The follomof bean plants (3376) and guayule (3378).

)- 4

. -
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atrations of magnesium nitrate have been reported concentration. =a/l
h fish: Process optimm Ma xim m Reference

Stra tion Time of Type of Brewlog, t. ate stes,I 60 00 ___ 170

y/l Espo re Fish Referen ce paTe a1,es, II g _C0120
; ,

300 long tune stickleback 1460 r, tout 60 170
030 __ stick!chack 2020 Brewing 100 2 170
S00 4 days stickleback 1460 Brcwing, light or da rk __ 200 173
WO 2 days stickleback 1460 Ice, raw water ___ 130 173
CO 14-16 hours stickleback 598

one day stickleback 1460 c. Irrigation. See Calcium, Hardness, and Chapter
(+34 -- soldfish 313 v. Irrigation.

d. Stock and Wildlife Watering. Iligh concentra-pd. ESium OXIDE 3rgO tions of ruagnesium suifate in the arinking water or rats
p also Magnes,ium) and other small animals have retarded growth, caused
hwn in the dry state as " magnesia", this oxide emaciation, rough coat, diarrlaa, and increased mortality
[nes with water to form magnesium hydroxide, among the young (2S4, 2S7, 640). Concentrations from
$ is sparingly soluble at high pH values. It is used 10,000 to 25,000 mg/l have been harmful to rats. A com-
Vnally as an antacid and laxative, in doses of 0.25 bination of 50GO mg/l of magnesium sulfate and 20,000
h ams. One authority (1251) reports that drinking mg/l of sodium chloride has inhibited the growth of ratsr
should contain some magnesium and calcium (640) (see also Dissolved Solids). On the other hand,

~000 mg/l in drinking water has not been harmful to
h; the most satisfactory ratio of calcium t xide tosium oxide is said to be 7:1. In the soft-drink in. rets (2S7). Livestock will tolerate 2050 mg/l of mag-
y, magnesium oxide in the wash water gradually nesium sulfate without laxative effects (2391). In drink-
Ms" the bottles, causing unsightliness (180). ing water,12,000 mg/l had no efTect on the water and
I food consumption of male rats (2398).
RESIUM SILICOFLUORIDE MgSiF. 6H O e. Fish and Other Aquatic Life. The following con-

2
centrations of magnesium sulfate have been reported to,

g highly soluble salt .is used for mothproofing fab- have killed fish :I he oral LDa in gumea pigs is given as 200 mg/km
c neenuation npe of Th c of Tq*e of Refenscekly weight (3G1). A concentration of 50 mg/l is '" " # " '' ""*

ted to kill tench (3271)* 15,500 turbid DG tour TL. ruosquito-fish 2040
I 20,000-28,400 cistern 14 days perch G14
gESIUM SULFATE MgSO.7H:0 24,500-27,500 weit 7s days perch G14

General. Known also as Epsom salt, this compound The maximum concentration of magnesium sulfate
ely soluble in water. It occurs in natural deposits tolerated by young cels for over 25 hours was reported
hits, thereby contributing to the concentration in to be about 12,000 mg/l (1459).
y1 waters. It is used in weighting cotton and silk,
ping and printing calico, in tanning processes, and MALATHION
-tilizers, explosives, and matches (3G4). (see Chapter IX)
Soss References. Dissolved Solids, Magnesiu m,
tes. MALEIC ANHYDRIDE C.H:0 j3

Kffects on Beneficial Uses. This solid dissolves readily in water, form 4g maleic |

Domestic Water Supplies. The taste threshold of acid, HOOCIIC = CHCOOH. It is used in the manu. I
hsium sulfate is 400 to 600 mg/l (621, 3241). A- facture of alkyd-type resins, dye intermediates, and
bf 30 grams of magnesium sulfate is toxic and 120 pharmaceuticals (364). Wallen et al. (2940) exposed
gratal for man (281). mosquito. fish (Cambusia afinis) to maleic anhydride in
knesium sulfate in excessive concentrations in turbid water at 20-23 C. They found the 24. and 48-
ing water may have purgative effects (623). The hour TL. values to be 240 mg/l and the 96 hour TL.
hensitive individuals are affected at about 100 mg/l was 230 mg/1. The pH value was lowered from 8.0 to
be average person at about 1000 mg/l (3392). 5.8 and the 128 mg/l of turbidity was coagulated and
Fs containing 1200 mg/l of magnesium sulfate and removed by this compound. Using bluegill sunfish j

b/l of sodium sulfate have caused diarrhea in hu. (Lepomis macrochirus) in Philadelphia tap water at i

krdinarily, according to Taylor (36) waters con. 20*C, Turnbull et al. (2093) found the 21-hour TL. to
y half this quantity would be regarded as unsuit. be 150 mg/l and the 48-hour TL to be 138 mg/1. They

[or domestic use.
estimated a safe concentration to be 35 mg/1.

ages of 1 to 2 grams of magnesium sulfate have a
live effect; therefore, in drinking. water standards mal {frANESE1 Mn
esium sulfate should be limited to 1000 to 2000 1. General. Manganese metal is not found pure in
i oncentrations below this limit are physiologically nature, but its ores are very common and widely dis-
, as (621). tributed. The metal or its salts are used extensively in
Industrial Water Supplies. The following concen- steel alloys, for dry-cell batteries, in glass and ceramics,
hs of magnesium sulfate have been recommended in the manufacture of paints and varnishes, in inks and
idustri;l waters: dyes, in matches and fireworks, and in agriculture to

S
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enrich rnanganese. deficient soils (2121). Like iron, it It has been reported by one observer that man c.

occurs in the divalent and trivalent form. The chlorides, salts impart a metallic taste to water at concentr - P
$nitrates, and sulfates are highly soluble in water; but above 0.5 mg/l (945); and by another referen * *I ' . sI

above 20 mg/l (759). Cohen et al. (3301) found Mthe oxides, carbonates, and hydroxides are only spar-
ingly soluble. For this reason, manganic or manganous taste threshold for manganous ion in spring wate# I* bss'

!

occur at about le0 mg/l for the median of a large h* f EIhnt
ions are seldom present in natural surface waters in con. but at 32 mg/l for the most sensitive members. I /centrations above 1.0 mg/1. In ground water subject to

tilled water the taste thresholds were much lower e :
reducing conditions, manganese can be leached from the -

soil and occur in high concentrations. 3f anganese fre. 35 mg/l for the median and about 0.9 mg/l for th'e %hI
quantly accompanies iron in such ground waters and in sensitive panel members (3301). 3fanganese in exec a13

the literature the two are often linked together. 0.15 mg/l has also been reported to cause turbidity $* f.
2. Cross References. Iron, Af anganese Salts, Potas. water (1594)., ,g

For domestic water supph,es a max, num concentrati:,3 heSu
sium Permanganate, Turbidity, Tastes.

I *|"r ~, r of iron and manganese together, uas ,- s17 mg/l aas been recommended (1256). Concen;b| e-E. E6 cts Uii5a'IWn76eiaTUse's3 ~ .

pr Domest. Watir;_S_pp_hr. _.The' 1982,Dh.. k.n, m g
-

tions as low as 0.1 mg/l are reported to cause lah ''I #_. ic . . u es. -

(Water. Standards of |the USP11S' .(2036)-~ set;a;recomi}trouble (219,234); concentrations of 0.2 to 0.4 mg |

yended hmit .for mauganese of 0.05_mg/1. The._195% likely to cause complaints.(36);ndfin'ghiTral. limit
_

yniesible limit',',of 0.1 mg/l and an "execssive hmit" eq [n' ended |(-199,iS55, 628,1257, 3541)..I -~ Mr$t 5genEeiitFati55s from 0.02 to .0.5.'mg/l'have-been'$1I0 Infernational Stmidards (232S)~ptes&ibe|ay"pek .

f"8
p2 mg/ , but no maximum allowable hmit is given. The' };~1ndustrial Water Supplies. Excessive man f "'1

%61 WIIO 'I'uropean;S_tandard,s,have a' recommended) is undesirable in water for use in many industri F'
_

_ __ ._ _. .

cluding textiles (255, 256, 257); dyeing (261); f I *#
~

limit of 0.1 ing/L
.. #

~ |These limits have been establishEl on the bas,is.oll procewing, distilling, and brewing (210, 224, 2S4); y ( #
testhetic and ceoricmic considerations rather than physiol (234); paper (212,679); and many others (see Chage 4#3

hgical hazards. 3f anganese is essential for the nutritied V). The fidlowing tabulation summarizes the reet,3
Ef_both pla~ ts.and animals (2121,2129).. Diets deEcient mendations as to maximum permissibic concentratiou dn
lin manganese result in impaired or. abnormal growthf manganese in industrial waters:
sfiliploms of - central - nervous syst em disturbance 3f,g,,m ,, py7,,,;,,03 co, c y ,,, y,,
fnrmia,. and possibly . interference . with . reproductive, af e sa.ine Iror + 3for.rwoe AR

Uunctions_(2121, 2129). The, daily _ intake irom a normal Inantrarune in -g/t i,i mg/r

hiiman diet is about 10 mg (2129).' It is absorbed very Air coriditioning 0.5 0.5 102
i 0.5 -- n2

slightly and deposits mainly in the liver and kidneys Unking 0.2 0.2 1c2,152
(2129),

. .
Brewing, lirbt and dark 0.1 0.1 102, n2

{n,c~o n.centrations not eausmg unpleagan] f astes, mart- canning 0.2 0.2 162, n.2 It L
Sanegis regard d;by ;Jnost ,1,nvestigator_s to be of,Jid

_ 0.1 1;s, f carbonated in erages 02 02 1c2.1.2.1% peL;m
'toxycologteal_sigm6sancean 41rinkmg,waterJ(633,1077).
llowever, some caces of manganese poisomng have been Confectionary 02 R2 102, n2 ( g

.;f
I reported in the literature. A small outbreak of an coolire sater 02 0.2 n2 1

as a5 Ic2 ~

g
oncephalitis like diwase, with early symptoms of leth,~ M"8 0 0 36 gj
arcy an : ed, ma, was traced to manganese in the drink- FoM M.Nn% R2 102, E2

ing water in a village outside of Tokyo; three persons u, 4,
died as a result of poisoning by well water contaminated * Ng- [g3 o 1

2
4 T

by manganese derived from dry.eell 1iatteries buried rai.er a nd pulp 0 0 36 .- ts

nea rby (36,1225). Excees manganese m 'he drmkmg G rouM wood 0.5 1.0 162. n2 i, ,e
2 84 t' '

I water is also blined to be the cause of a ,rc disease 0.1 __

162.1'c

abo indicated by the reports that 0.5 to 6.0 grams of @ '"2$2 f '7;(
-

e na mic in 3f anchukuo. That manganese may v f oxic is Kraft pulp al a2
F''d* " d # **' "I

manganese per kilogram of body weight administered nigtgrade paper 0 05 6~1 1c2,92 f .,f
*;7rine paper 0 05 0.2 ao

daily to rabbits had stunted growth and interfered with
Kraft paper

bone de.,velopment (921). 11esched 0.1 __
3'>l Wt

.- xic, effects of manganese un ut! catted 0.5 __
3'.1 1mu t e th.. _ .ble"lo .- ---m .~ v , . .de

dn.DE. .ugual c,ircumstances, it cannot be, cons; kred a physio]-e _ poss(
,

Phot og r a ph y 0 0 3G L J.-,

l ohical hazard bcEa'use the.ncrmal dietary. intake is far P b tics ((1.mr) 0.02 0 02 102.12 ' d.
h , ".''.higberf thari th'e''Enhu'nt that would be tolerated estlie$ nano and sinese

~ ' Pulp preductica 0 03 0.05 102.1M' ~

162.1M
q,m{cally~in drinkirig"E[erj

,)*
Manufature 0 0

' Manganese is undes.irable .m domest.ic wattr supph.es %2 __
y,o, cc ;-~-e

because it causes unpleasant lastes, deposits on food dur- Ta n ning 03 0.2 102.12 .,

ing (ooking, stains and discolors laundry' and phunbing Tes tib. , g ni ral 0 25 0 25 162,1M C .C
Qj*fixtures, and fosters the growth of some micro organisms .. 0.1,

al -

1023 2 kin resersoirs, filters, and distribution systems (1593, ,g es 0 25

3539, 3540, 3541, 3542) (see Fish and Other Aquatie wo1 scouring 1.0 1.0 102. W i1
bandages 0.2 0.2 102,3.* 4

Life, below).

>
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c. Irrigation. Manganese is essential for plant growth, IIowever,1000 mg/kg in the dry ration was not toxic
apparently as an enzyme activator (3543). It is espe. (1551).

The toxic,ty of man-cially abundant in the reproductive parts of plants, e. Fish and Other Aquatic Life. i

yeds being highest while woody sections contain the ganese toward fish is dependent upon many factors.
deast manganese (3541). Nuts contain the highest con. Jones (2941) gives the lethal t meentration for the
i centrations (22.7 mg/kg) and sea foods the lowest (0.25 stickleback as 40 mg/1; however, the toxic act, ion is slow
! mg/kg). Tea diffuses enough so that the normal liquid and manganese does not appear to precipitate the g,lli

| has 1 to 7 mg/l (2121). Manganese has been used to en. secretions. According to Oshima (3515) and Iwao (3546)
rich soil, yet in some concentrations it may be phytotoxic the toxicities of manganous chloride and manganous sul-
(219,277, 563). fate are slight, being about 2400 and 1240 mg/l of man.

) Manganese in the nutrient solutions has been reported gauese respectivel,. Manganese appears to be somewhat
to be toxic to many plants, as grown in solution cultures. antagonistic to the tone action of mckel toward fish
The sensitivity and response of the plants to the pres. (14GS).

The follow,mg concentrat,ons of manganese have beeneace of manganese varies both with the species of plant i

and the composition of the nutrient solution. Symptoms tolerated by fish urder the stated conditions:
of nianganose injury have been intensified in the pres. Con cen tra tion Tinco/ T n eof
ence of molvbdenum, n.nadium (1595), or nitrate '" " 2M N "' N DI"'" "

3 g, D *c', J $Nf'bP'1596). Symptoms of manganese injury have been di. 1

p,,,,,tmmished ,n the prerence of cobalt (1499), ,ron, molyb-i i 49 4 days Enerling catfish 29S1
knum, aluminum, phosphorus defi ~ ney (1158), am- 50 " 3 days stick!>5ack 1450
: onium or air.monium nitr..te (1590). The following 2700 50 tours cels 1459

concentrations of m inganese have been reported to be * y py |g "",

! armful to plants in solut in culture:
M nganese and iron in concentrations above 0.1 mg/lcacentration of

kfannne,e in ingM T ncofPlant Refornce st.imulate the growth of certam orgamsms, such as Cren-
0.5 various plants 1597 olhrir, Callioncila, and other related forms m reservoirs,
1 10 various ic:umes 1597 filters, and distribution systems (152, 921, 945,125S).
3.5 various sants in97 The addition of as little as 0.0005 mg/l of ma:uanese re-
5 e i mambrin seedlings

,1 suited in increased growth and multiplication of various
~

loa 5 sot <an,eax 1595 microbiota in sea water (1259). Guseva (5S4,1260), on
25 100 rin x 1458 the other hand, found that concentrations of manganese

) 50 Flax 1506 above 0.005 mg/l had a toxic effect on some algae.
a us Nanh$5 The threshold concentration of manganese for the flat-g

worm Polycela mgra has been reported to be 00 mg/l'

It has also been reported that 0.25 mg/l of manganese as manganese ch!oride and G60 mg/l as manganese
has permitted good growth of tomatoes, and that up to nitrate (60S). Crustae (a, worms, and insect larvae were
10 mg/l of manganese has reduced the severity of cobalt not harmed by 15 mg/l of manganese during a 7-day
misoning in tomatoes (1499). In the presence of am. exposure (2151).
I. onium or of ammonium nitrate,50 mg/l of manganese The permanganates are much more toxic to fish than
'as not harmful to flax, although this concentration was the manganous salts. Permanganates killed fish in 8 to
prmful in the presence of nitrate v ithot:t ammonium 18 hours at concentrations of 2.2 to 4.1 mg/l of man-
1596). Manganese sulfate, at a concentration of 100 ganese (3545, 3516). However, permanganates are not
M/l as manganese caused no apparent injury to oat stable for long in water.
dants (1462)- 4. Summary. On the basis of the literature surveyed,

d|g . Stock and Wildlife Watering. A deficiency of it appears that the following concen' rations of man-
-anganese in animals produces ovarian disfunction, ganese will not be deleterious to the stated benef'cial uses:
6ticular degen.' ration, poor lactation, lack of growth, ,, pom,s tic w a ter su pply ___ _ __ _ __ _ _ _ _ _ _ _ _ 0 05 mea
%e abnormallies, and Symptoms of central Ucrvous b. Indust rial wa te r su pply _____ ___ _ _ __ __ ___ 0 o5 mgA
aturbance (2121). Cattle are reported to have received c. Irrigation ___________________________ 0.50 mg4

Nges of 50 to 600 mg/kg in the diet for 20 to 45 days d S '"#k "'' '" "a g _ _ _ _ _ - _ _ _ _ _ ~ _ _ _ - _ _ l o.o m e,A

Mthout serious effects. Birds have received single oral ' * ''"'' - - " " - - - - " _ _ _ _ o mgA

p! contmuous excess of manganese in fodder was sus-es of up to 600 mg/kg without adverse effects, butlilANGANESE CHLORIDE MnCl and MnCl| 2 2
,

Nted as an etiological factor in the occurrence of infec- (see als Manganese, Chlor. des)i

*:s anemia in horses. Manganese appears to oxidize This highly soluble salt, occurring generally in the

}419)'
ang n us form, is used in dyeing

mfectmg, m h,useed o,l driers, and , operations, in dis-amin B in the horse body, producing avitaminosis
i m electric batteries

(361). In fresh water,12 mg/l has been reported as fatalThe metaboh.sm of manganese is closely related to that.

to minnows (Fundulus) within six days (1159), but| .ta!cmm, phosphorus, iron, copper, and possibly other other fish have been found to be much more tolerant of
rals, and the proper balam.e must be maintained. MnCl . For the small fresh water fish (Orizias), the 24

p[be 30 50 mg/kg (dry ration)
2

n:anganese requirement for chicks has been reported hour lethal concentration was about 7850 mg/l (1459) and
- ; for hens. 40-50 mg/kg. for other fish 5500 mg/l (3545,3546). The highest concen.

I

n


