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BEFORE THE OIL AND GAS CONSERVATION COMMISSION
OF THE STATE OF COLORADO

IN THE MATTER OF THE APPLICATION OF SKELLY OIL
COMPANY FOR AN ORDER PERMITTING IT TO DISPOSE
OF SALT WATER INTO THE PIERRE SHALE FORMATION
IN ITS C. F. GREEN NO..2, LOCATED NE/4 NE/4 OF
SECTION 20, TOWNSHIP 9 NORTH, RANGE 53 WEST,
WALKER FIELD, LOGAN COUNTY, COLORADQ.
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v Loceriial

1 Registered .5, ¢
. Cards Typad Piﬁ:\ﬂ'r NO.
5. 162

Drilled by-:yae-+estern Co.,

"Owner

STATE OF COLORADO
DIVISION OF WATER RESOURCES
7 OFFICE OF THE STATE ENGINEER
GROUND WATER SECTION

«/
LOG AND HISTORY OF WELL |
09-F #1978

:C‘l-,nrng ")
Recsiyze
SEP 211952
I0UHD waTzR SECT.
COLORLDO
77T CNGINEER

3

MT. HOPE
WELL LOCATION

Shell 0il Comzany - Logan - County
Address_Billincs, liontane SE_lof SE__ lof Sect._19
Tenant . Twp._ 9N, mge. 53V 6 6 pu

JUsed for Secondary Recovery Commercial

on or by
., {description of site or land)
R Date Started 7- , 19 62
IDate Completed 7- 30 , 19627
Date Tested g8-1 , 19 62
- Yield__ 116 fpm ofs

1?\35;}" type__ Submersible Outlet Size_ 3

Driven by, 25 aP@RPM 3600

YDepth to Water_259 Ft. Draw downl25 Ft,
Depth to Inlet 500 _Ft.; Bowl Ft.

. . . 'Size and Kind of Casing:
. ‘ From_0 _to_ 260 _Type 10 3/m 32

From to Type Wt.

From to Type. Wit.

Perforations: Size and Type V

From__26Qo_ 700 Type Slotsize 10 3/k

From to Type Size

From to Type Size

Well description: Total Depth 700 ? R
(from___ O to 700 20 in.

g?:em‘gfrom to . in.
{from to . in.

‘PUT LOG OF WELL ON RE-

LOCATE WELL ACCURATELY
IN THE SMALL SQUARES REP-
PRESENTING 40 ACRES

N

it R e

T

i e

X

]
!
o=t
i

S

If the above {s not applicable

- fill fn:

Town or Subdivision

Street Address or Lot & Block
Ground elevation

{if known)
How Drilled:

Rev. Rotary

REMARKS

Cementing, Packing, Tvpe of
Shut-off, Depth to Shut-off, etec.

VERSE SIDE -

TO BE MADE OUT IN QUADRUPLICATE:

Original Blue and Duplicate Green to

State Engineer's Office, White copy to Owner, and Yellow copy to Driller

LOG QOF WELL

(ADD SPACES AS NEEDED)

From_ 0 ft. to 2 ft. Top Soil

. to_ 12 fr.

. 12 ft. to_300 ft.
300 ft. to 700 ft.

Hard Brown Clay

Black Clay - Shale - Sandstone

Black Shale - Sandstone streaks

EXHIBIT NO. 5 B

!

STATE OF COLORADO
DIVISION OF WATER RESOURCES
OFFICE OF THE STATE ENGINEER
GROUND WATER SECTION

iR 2 6 1962

Form E (R’e\t\.-

‘LOG AND HISTORY OF WELL STATE }Euu..

Regirtered I PERMIT NO._151=3 2R
. Carhs Typed o Lic. 5
Drilica by Szevart Srillin~ Co, No. 66 WELL LOCATION L
‘\Owner Joe Yonta-ue Locan .County
- YAddress__ 3, 3, 2 Stcrlin-, Jolorzde ss - dof 1 dof Sect.18 -
Tenant i g - Twp. _ON , Rge.53¢  , 6 PM
$ VUsed for *  wossssss " LOCATE WELL ACCURATELY
IN THE SMALL SQUARES REP-
on or by PRESENTING 40 ACRES
: (description of site or land)
Date Started oy , 1957 : N
. - f T
ate Complete, -
\ Date Completed___ 1y , 1957 1 !
¢ { N
Date Tested , 19 Sinint Shatulr Satuns wahay
_ . | x ! )
\ Yield 7 - gpm ofs W lr g E
Pump type_ gui-erze Outlet Size 13 - : |
y . ) f
Driven by_ 1 .5, Zlec, HP@RPM : -'-1f-J—~1—f’
\Depth to Water 299 Ft. Draw down go_ Ft. - : !
. s

Ft.

- Depth to Inlet _ 315 Ft.; Bowl

If the above is not applicable

Size and Kind-of Ca.sing: &' Galv. £ dn: :

From g to_loa Type_plasn W

. . Fromyng o4z Type_paps, Wit Town or Subdivision
I-‘rSm to Type Wt

; Sireet Address or Lol & Block
Perforations: Size and Type =
’ Ground elevition

From g _to son  Typeriasy Size gn T known) L
. Frompny to nzg  Type_panp Size gn How Drilled:
From to Type. Size ) Rotary
Well description: Total Depth_pzaY Ft.
© . _ REMARKS
. (from__ 5 o nmn. £ in. T ’ :
Hole ! Cementing, Packing, Type of
DI {from to - . in. Shut-off, Depth to Shut-off, etc.
am-( . ) PUT LOG OF WELL ON RE-
(from to . in. VERSE SIDE

TG BE MADE OUT IN QUADRUPLICATE: Original Blue and Duolicate Green to
State Engineer's Oifice, White copy to Owner, and Yellow copy to Driller

L0G OF WELL
(ADD SPACES AS NEEDED)
From 0 ft. to 5 ft. Top Soil
. ’ S ft. to_ 33 _ft. Sandy Clay - Pierre Shale
. 33 ft. to_ 60 ft. Yellow Shale
60 ft. to 400 ft. Shale

400  ft. to_430  ft. Shale with streaks of sand

EXHIBIT NO. 5
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BEFORE THE OIL AND GAS CONSERVATION COMMISSION
OF THE STATE OF COLORADO

dkkkhiihhk

IN THE MATTER OF GENERAL RULES AND REGULA~ )
TIONS WITH RESPECT TO THE COXNSERVATION OF ) CAUSE NO. 1
OIL AND CAS IN THE STATE OF COLORADO, AND )
IN PARTICULAR WITH REFERENCE TO RULE #326 )

'PURSUANT T0 NOTICE to all parties in interest, the
above-entitled matter came duly on for hearing at Room 132,
State Services Building, 1525 Sherman Street, Denver, Colora
at the hour jof].l:OO o'clock a.m., March 21, 1972.

BEFORE: |

Commissioner M. C. Hoffman
Commissioner L. L. Aitken

APPEARANCES ;

Frank J. Piro, Secretary, Denver, Coiorado,
D. V. Rogers, Director, Denver, Colorado

DARLENE ARMBECK
CERTIFIED SHORTHAND REPORTER
L 2331972
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CHAIRSAN HOFFMAN: All right. The 0il and Gas

-Commission i8 now in session. This is to cover Cause No. 1,

" rules and regulations concerning retaining pits on the

Commission's own motion, to determine rules and regulations

governing the construction, maintenance, and operation of

retaining pits in Logan County.

We will proceed in the manner we have in the two
prebious ﬁearings §n water and call 6ﬁ the State Geologist's
Office and tﬁe State Engineer's Office to.give us testimony
as to the conditions in the area under discussion.

MR. PEARL:. I'm Dick Pearl with the State

" Geologist's Office. I will discuss the geological part of -

_ this, and a representative of the State Engineer's 0ffice

will discuss the water part.

| Discussing Logan County, from the state line to
Fhe north, over here, back up there, (indicating) consists.
of the Soutﬂ Platte River flowing through the center of it,
with the alluvial material, the Pierre Shale, outcrop on
either side of the river, and then with the younger
Tertiary Formations to the north and a little bit to the
south, These maps here show it in better detail. The

northern map, top map, is the area north of the river,:

Logan County is this here over to here, up to this part

here (indicating) and this little stretch in Sedgwick

County and then back. The reddish color is the Ogsalinla

DARLENE ARMBECK
CERTIFIED SHORTHAND REPORTER
. 238.1972
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' of your map?

MR. PEARL: Oh, well here's Sedgwick County, up

here in the very extreme northeast corner. Okay. Weld

" County coming down through here (indicating) over here, and

Togan and Morgan County in this area. This is the area
immediately north of the Platte River.

CHAIRMAN HOFFMAN: Here in the northwest corner

MR, PEARL: And then this area here is more of
Weld County, all the way up to here, and this green

northwest 1s a little bit of Larimer County (indicating)

. so your Logan County is down through here, juts back to the

" east and down, (Indicating.)

- CHAIRMAN HOFFMAN: A1l right. I guess we better

confine our hearings to what we called then. " Any questions

,bf this witness? Examination of this witness?

Mr. Phillips, will you give us the hydrology of
that? ‘
MR. PHILLIPS: My name is Hayden Phillips, Chief

of Ground Vater Investigation Division, Water Resources,

. State of Colorado.

»Gentlemen, I1'11l be necessarily brief this morning.
I'd like to thank Mr. Pearl for getting us started in
outlining the locations and formations.

And for those members of the Commission who have

the copy of this, 1f they'd just follow along with me, I1'l11

DARLENE ARMBECK
CERTIFIED SHORTHAND REPORTER
. 238-1972

11

1 Fox Hills is not important in Togan County. As far as I

' 2 know, it's the only outcropping and the general dip is away
” 3 from the County. Important, then, too, that we don't

4 introduce anything on that and get it into another county.

5 The Fox Hills was looked at in our last meeting

6 february 15th, and I think we dop't ﬁave to go intO'thatqany

7 further. |

8 ’ The last one to come-up, it forms the base of the

9 fresh water reservoir, at least, throughout the County, and

10 that. is the Pierré Shale. It forms the north edge of the

11 river alluvium from the County Line above Sterling eastward
12 to Proctor, where the Whi te River, as 1 said, came in and
" : 13 went under the river, and forms the lower boundary of the -

14 élluvium throughout much of the County. It»is mostly

15 blueish-black shale, minor sandy and calcareous interbeds,
16 which achieves a thickness of more than 2,000 feet in the
17 County. Now, an invéstigatioﬁ of our files.disclosed that
18 | the Pierre Shale does supply limited quantities of water
19 for stock and domestic use. The quality is as good, as a
20 rule, as that of the Alluvium. But‘because_it is a

21 notoriously poor producer and because of its essemtially

22 uniform lithology, we in the water business would classify

23 this as an aquifer, meaning precluding the movement of wateri
. 24 Last I have listed sources of reference for this
25 discusslon. The bulk of the material or source references

DARLENE ARMBECK
CERTIFIED SHORTHAND REPORTER
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UNIDENTIFIED GENTLEMAN: 1In this Pierre Shale, i;—
it a formation where water could percolate through for some
distance and move as a water supply, or 1s it more or less
a shale where water doesn't penetrate?

MR. PHILLIPS: It does contain water, but it's
such small quantities that it's nqﬁ commercially or
agriculturally feasible to try to de?elop'a supply from thé'
Pierre. Water will move into it and through it at a‘very
slow rate.

SAME UNIDENTIFIED GENTLEMAN: What do ybu mean by
"slow rate," ten feet a yearé ‘ ‘

MR. PHILLIPS: Much less than that. It would be
my estimate it would be in the neighborhood of one to two -
feet per year.

SAME UNIDENTIFIED GENTLEMAN: Thank you.

MR. fHILLIPS: Unless you hit a very favorable
fraéture zone, Then>you're in a different ball game.

MR. WHEELER: Franklin Wheeler, Skelly 0il Company|
Would you rate the aquifers in the County for a secoﬁd, in
importance? v

MR. PHILLIPS: Alluvium would be the principal
aquifer, nﬁmber one. Then, of course, we would come to the
White River. The small bit of Ogallala, you'd almost have

to make it third., 'The Pierre Shale, fourth; the Fox Hills

fifch.
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‘Just happens to be when the reports came out. For example,

MR. WHEELER: Thank you,

UNIDENTIFIED GENTLEMAN: Do you have quality tests
on these principal sources of water supply?

‘MR, PHILLIPS: Yes. They're available in several
United States Geological Survey Water-Supply Papers,
principally 1378, and I believe thet includes some .in 1809.

SAME UNIDENTIFIED GENTLEMAN: Would this cover a
period of history, chronologically, so that you could see
any change? - ‘

MR, PHILLIPS: Not in any prescribed mefhod, it

the analyses in Water-Supply 1378 1 believe are in’ the year
'54, '55, then you would come up to -- what's the year,

1809? Anyway, it hops, skips, and jumps up to the present.

CHAIRMAN HOFFMAN: Has the State Engineer's Office

any evidence of pollution of any of theée aquifers from oil
field operations?

MR. PHILLIPS: No, sir.

MR. WHEELER: Could you estimate how old the oil
fields are in this area? _

MR. PHILLIPS: '1!6 have to direct that question
to a member of the 0il and Gas Commission.

CHAIRMAN HOFFMAN: Doug, will you enswer that?

MR. ROGERS: Well; scme of these were drilled

back in the early '50's and coatinuing to be drilled today.

DARLENE ARMBECK
CERTIFIED SHORTHAND REPORTER
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it come through your office or through this other one that
controls agriculture?

MR. PHILLIPS: 1t may come through our office
through force of habit, but then it would be directed forward
to the Pollution Control Commission.

MR. PARKS: Bill Parks, Skelly 0il. I came in a
little late and I missed it, butAthose fields are disposing
or éutting water in pits for ebout 10 to 15 years now.

Has there been any noticeable.change in the quality-of the
ground water, or,usable water? | ;

MR, PﬁILLIPS: No, there's beeo none reported and
we have no data that would indicate as much. v

COMMISSIONER AITKEN: You mentioned the Chadron
memoer, the lithology as consisting of clay, soale, and
siltstone. Isvlt strerified in there of such thickness so
as to be impervious to water, if a pit was -~ _

. MR, PHILLIPS: Yes. Can I go one step further
before I take the next question?

COMMISSIONER AITKEN: Yes,

MR. PHILLIPS: The Chadron member, as you just
read, is principally a fine grain sediment, It is
stratified, containing shale, but I would say that the
entire formation itself is essentially very tight and

unless you hit a favorable fracture zone in one of the

channel sands that's mentioned in there, the chances of

DARLENE ARMBECK
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water moving.quickly are not good,

MR. PEARL: May I interject something? I think
this is the reason you're not seeing any water pollution
up there, the Padroni sitting right here, almost on contact
at»the Pierre Shale, White River, the Pierre Shale 1is
relatively impcrmeable for all praotical purposes and so
is the White River, unless you get one of the fracture zones
in the White Rirer, it would be what you would be ueing to
make your pit impermeable, so essenrially your pits.are
impermeable up there and you're getting true evaporation
other than by evaporation seeping_lnto the ground, as we
have seen in other places;

CHAIRMAN HOFFMAN: That is the type of testimony
ﬁe-oeed in these hearings. Appreclate your bringing that
out. Any other questions?

‘ UNIDENTIFIED GENTLEMAN: Where does the town of
Padroni get 1ts water supply?v A

MR, PHILLIPS: From the Alluvium. And let's see,
they're situated -- I don't know the name of this little
creek that extends back, bot I also know that there is some
diversion of Sterling Reservoir water, to satisfy the
municipal needs, so it's sort of a combined source, I
would say probably mostly from surface diversion.

CHATRMAN HOFFMAN: When you say "'recharges from

irrigation," that is irrigation water is taken out of the

DARLENE ARMBECK
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river, it's not just recharged from the wells and irrigated

back in, that's from additional water coming out of the

‘river?

MR. PHILLIPS: That's from an inefficient system
pulling it out from theé wells and put about half of it back.

CHAIRMAN HOFFMAN: That's what I'm getting at.

MR. PHILLIPS: The major source would be from
diversions out of the surface stream.

CHAIRMAN HOFFMAN: All right. Here's your

* opportunity, gentlemen, to get testimony in. Anybody got

any other questioné?

UNIDENTIFIED GENTLEMAN: Are you still questioning
the witness or did you call for opportunities for us to
speek?
| CHAIRMAN HOFFMAN: Qoestions of the witness for
the present,

COMMISSIONER AITKEN: The Ogallala formation, you
referred to it in earlier testimony, but is it of the same

consistency_wﬁere it outcrops in this area as it did in the

- area to the east of it that we discussed the other day?

In other words, -~
MR. PHILLIPS: Yes.
COMMISSIONER AITKEN: 1In other words, pits located

in that formation would be very likely -- seepage from it

would be very likely to find its way into the waters of the
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- State?

MR. PHILLIPS: No, I'll say it this way: We're

.confining our discussion to Logan County and I don't believe

that there's significant contribution from the Ogallala to

the waters of Logan County. It has its own contained water

_but any escape from it I don't believe it would find its

way to another avenue for use.

COMMISSIONER ATTKEN: No, bﬁ: it is an aquifer,
and.it is tapped by wells? |

MR. PHILLIPS: Yes, it is.

COMMISSIONER AITKEN: Some for domestic use?

MR. PHILLIPS: Yes,.and I think on rare instance
irrigation but you'd heye to get verj close to the Stéte

Line. Wrong County. WNo irrigation wells indicated in the

" 0Ogallala formation of Logan County.

COMMISSIONER AITKEN: Just domestic?

MR. PHILLIPS: Just domestic and stock supply.

MR. TARR: My name is Charlie Tarr of Continental.
I have one aéditional question; If you were to have an
evaporation pit located in the Pierre Shale, would you, as
an expert, believe this would be a source of contamination
for the surrounding area, if the pit is located 5 or 10,000
feet from any grade?

MR. PHILLIPS: No. No, I wouldn't consider it a

serious threat.
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CERTIFLCATE
I, Darlene Armbeck, Certified Shorthand Reporter,
hereby certify that I personally recorded in shorthand the
proceedings in Cause No. 1 of March 21, 1972, and that it

was later transcribed and that the-foregoing record is true

and correct to the best of my knowledge and belief.

Certified Shorthand Reporter
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CHEMICAL & GEOLOGICAL LABORATORIES
P. O. Box 279

. Casper, Wyoming
WATER ANALYSIS REPORT
OPERATOR. . Skelly Oil Company DATE Scptember 29, 1969 prAB NO._2588-3
WELL NoO.__2 C F Green LOCATION..
FIELD Walker FORMATION _ _ __Dakota "J"
COUNTY. INTERVAL —
! STATE Colorado SAMPLE FROM. ___Treater
: REMARKS & CONCLUSIONS: Clear water,
i
2 »
1
|
! Lations mg/l meatl Auiony mg/t S/l
Sodium - ~ - - - - 2,056 89,48 Sulfate - - - - - - 239 4,97
i Potassium - - - - - __12 0,31 Chloride - - - - - - __1,180 = 33,28
. Lithium - = = = - - i = Carbonate - - - - - trace =
! ! Calcium - « - - - - 4 0,20 Bicarbonate - - - - - __3,160 _  __ 51.82
: . Magnesium - - - - - 1 0,08 Hydroxide - - - - - = =
Iron - - « - -« - - absent = Hydrogen sulfide - - - absent .
‘. Tota] Cations + - . - 90,07 Total Anions - - . - 90,07

Total dissolved solids, mg/l - - - - . _ 5,050 Specific resistance @ 68°F.:
NaCl equivalent, mg/} - - - - - - . _ 4,227 Observed a ow e 1.45 ohm-toeters
.3 Calculated - - - - 1.46 ohm-meters

Obsesved pH - - - - &« - o o . & 8

WATER ANALYSIS PATTERN

Scale
Sample above described MEQ per Unit

L

prse

Bt i
=

(Na wvalue in above graphs ircludes Na. K. and LD)
NOTE: Mg/i= Milligrams per Lter Meq/l:== Mligram equivalents per liter
Sodium: chloride equivalent—=by Dunlap & Hawthorne calculation fiom componests

EXHIBIT NO.
SHELL OtL COMPANY
PRODUCTION LABORATORY WATER ANALYSIS REPORT

DENVER, COLORADO

FROM: ~ PRODUCTION LABORATORY . LABORATORY NuMBER__S9958
DENVER, COLORADO SAMPLE TAKEN ’
SAMPLE RECEIVED 10-14-83
TO: RESULTS REPORTED 10-23-63
SAMPLE DESCRIPTICN FIELD NO, _A 0284
COMPANY Shell Oil Company LEASE WELL NO.
SEC. TWP. RGE, SUR.
DISTRICT rieLp Mt., Hope W.F. county sTaTE _Colorado
SAMPLE TAKEN FroM(Source water plam ’ .
PRODUCING FORMATION ____ToP
REMARKS

SAMPLE TAKEN BY

CHEMICAL AND PHYSICAL PROPERTIES

SPECIFIC GRAVITY @60/60° F._.1.002 pH 1.6 RES._4:45 OHM METERS @ . 77°F
TOTAL_HARDNESS _ Ms/L as CaCO, 20 TOTAL ALKALINITY Mo/l as CaCO; 775
5 . ALLIGRAMS | MILLECUIVALENTS
CONSTITUENT PER LITER PER LITER REMARKS
‘:_ Me/L. MEQ/L
ALCIUM - Ca + + 8 40
MAGNESIUNM - Mg + + 3 25
SODIUM - Na + 527 22 03
BARIUM (INCL, STRONTIUM) - Ba + + -0- -0~
TOTAL IRON - Fo++ AND Fo + + +
BICARBONATE - HCO3 ™ 946 15.51
CARBONATE - CO3 ™7 0= ~0-
SULFATE - SOg == 3 .06
CHLORIDE - CL — 284 8.0l
TOTAL DISSOLVED $OLIDS 1,771

MILLEQUIVALENTS PER LITER

Al LOGARITHNIC Na STANDARD c
] . - - 1
!Mi’!l T [ e T
il L] i rlitemiil il
3”“&&“ il At L ki Co i e
T T s | Y T T i AT
:f,f ; ’Izh l i I jf l | ‘ i
et ] il L LB T e 1 HiHR
” o |1i|l ';: H m “ H 10 T ]‘ |]’g; S0,
it :sf{{ i i w i i ' ! H, th
: { i | | il Ba L j EERB RN co-
¢@: s = - e 8 g 8o B ;
3 - < g
( ) AREA OFFICE { ) DISTRICT OFFICE .
{ ) EXPLORATION MANAGER  { ) DISTRICT GEOLOGIST ANALYST TNH EXHIBIT NO.7B
{ ') DIVISION OFFICE ( ) SHELL DEVELOPMENT - EPR
€ ) DINIION EXPL. MANAGER s, CHECKED HLE (Earlougher Erdnessiogy

WATER ANALYSIS REPORT

VIRG'S FORMATION TESTERS
STERLING, COLORADO
June 20, 1972

Water Source ppm_NaCl ppm T.D.S.
Frank Green Water Well 400' deep 780 1,320
(NE NW Section 29-9N-53W)
N. Sterling Reservoir 850 1,400
Sterling Municipal Water 620 1,125

EXHIBIT NO. 7C
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b. Industrial Water Supplies.  Sodium carhonate in
ater for making iee is abour 1.25 times as abjectionable
ates and chlorides (201), Sodium carbonate in
£ for preparing developer solutions for use in pho-
rography may speed np the action of weakly alkaline
olutions (242). For brewine, a limit of 100 mg/1 has
peen recarmended (see Chapter V).

¢ brrization. Sodium earbonate {5 extrenely toxie
o plants (261, 203). Sodinm carbonate in irvieation
ater hardens <oil and reduees its permeability (548
{sce alsn Cliapter V). On the other hand, it has beon
reported that 100 1o 400 mie 1 of sodium carbonate in the
vater was not injurions to various crecnhouse plants
over a period of six months of use (1205).

d. Stock and Wildlife Watering. Waters containing
igh coneentrations of sodium carbomate cause diarrhea,
symptoms of malnutrition, unsatisfactory growth, and
may also interfere with reproduction of Iivestock. The
following concentrations of sodium carbonate have been
reported as injurious to animals:

Concentration
inmg/l Animal Effect Reference
1,023 - Generallivestoek  Diarrbea 2304
7.500 Poultry Lethal in 7 days 2080
10,000-15,000 Rats Lethal to young 287
10,000-19,000 Rats Inhibited growth 2080
10,000-20,000 Rats Lethal to young 2584
20,000 Rats Lethal to young 640

e. Fish and Other Aquatic Life. The threshold con-
centration of sodium carbonate for immobilization of
Dephnia magna in Lake Erie water at 25°C was re-
po to be 424 ma/1 (338) ; less than 424 mg/1 (352) ;
an 0 mg/l (574). The minimum lethal eoncentration
for Daphnia was also shown to be 300 mg/1 at 17°C and
at 800 mng/1 all animals were killed (3523). The 100-hour
toxicity threshold at 23°C in double-distilled water for
Daphnia magna has also been reported at 524 mg/1 with
& resulting pH value of 9.5. According to Fairchild
(2946), the threshold of toxicity toward Paphnia de-
pends on the dissolved oxygen content of the test water.
At 23°C for a 100-hour exposure he found the threshold
toxicity level to be 552 mg/l1 at a dissolved oxygen ten-
ston of 6.5 mg/l; but only 267 mg/l when the DO
dropped to 1.53 mg/L

The following concentrations of sodium carbonate have
been reported to kill fish:

Concentration Typeof Time of Type of
nmg/l Water Erposure Pish Reference
68 Tap 120 hours King salmon 330
70 Fap 120 hours Silver salmon 3561
80 Tap 120 hours Cutthroat trout 3301
200 — 4.5 hours Baxs 1030
250 —_— 120 hours Shiners 190
250-300 Tap Few hours Shiners, suckers,
carp 313
200 Standard 96-hour TL.,  Sunfish 2033
500 v 4.5-11 hours Sunfish 1030
500 L -0 hours Rass 1030
500 s 3-3 days DBass 1030
530 Tap 3days Tiuezills 313
40 Turbid  24-hour Tlm Mosquito-fish 2040
‘!0 Turbid  43-hour TLn Mosquito-fish 2040
=00 Turbid  96-hour Tle Mosquito-fish 2040

.S
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The following concentrations of sodium earbonate
have not been harmful within the time speeified :

Concentration Time of
inmg/l Erposure Type of Fish Refcrence
33 Cutthroat trout 2501
44 Silver salmon aoeL
58 King salmon Tasm
160 Iia 1030
D¢ Sunfish 1030
200500 Goldtish 1
00 Some goldfish 1030
SODIUM CARBOXYMETHYIL CELLULOSE
(see Chapter X)
SODIUM CELORATE NaClOs

(see also Chlorine)

This strong osidizing compound dissolves readily in
water and ionizes to Na* and ClOz~; but the anion is
unstable in aqueous solution, releasing oxygen and form-
ing OCI. (see Chlorine). Sodium chlorate is used for
weed control, as well as in the manufacturing of matches
and explosives, dyeing and printing of fabrics, and tan-
ning and finishing of leather. It is also found in some
efffuents from chlorine and bromine works. Conecentra-
tions from 20,000 to 40,000 mg/1, as used for weed con-
trol, are considered non-toxic for man and animals, but
create a fire hazard as the water evaporates (897). The
oral LD;, in rats is given as 12,000 mg/kg of body
weight (3009).

The threshold of toxicity for perch is given as 11,000
mg/] and for bleak as 13,000 mg/l in tap water (2977).
A concentration of 1000 mg/l in bard water was not
harmful to goldfish during a 5-day exposure (313).

‘With respect to lower organisms, the literature is not
consistent. The toxic threshold of sodium chlorate toward
Polycelis nigra, a flatworm, was found to be 16,000 mg/1
(354) and toward Daphniac magna 4240 mg/1 (852).
Bringmann and Kuhn (2158) report the threshold con-
centration toward Daphnia to be greater than 1000
mg/1; but toward the alga Scenedesmus the threshold
level was only 3 mg/l as chlorate {about 3.8 mg/l as
sodinm chlorate) and toward E. coli only 4 mg/l as
chlorate (5.1 mg/1 as sodium chlorate).

SODIUM CHLORIDE NaCl

1, General. Sodium chloride in water may be of nat-
ural origin, or it may be introduced as a component of
sewage or industrial wastes, including effluents from salt
and brine works, oil wells, dairies, spent irrigation
waters, ete. The sodium and chloride ions in natural
waters are frequently the most prevalent, and they con-
stitute the bulk of the ions in sea water.

2. Cross References. Tastes, Chlorides, Dissolved
Solids, Specific Conductance, Mereuric Chloride, Dis-
tilled Water, Chapter V.

3. Effeets Upon Beneficial Uses.

a. Domestic Water Supplies. Sodium chloride can be
tasted in water by most people at a concentration of 550
mg/1 (947) ; however, taste threshold values from 200 to
906 mg/1 have also been reported (621, 3241, 3391,
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3392). Water containing more than 500 mz/1 of sodium
chloride may be unpalatable and cause appetite disturb-
ances (284, 348). Although an excess of sodium chloride
induces thirst or can act as a diuretic (623), water
containing up to 1410 me/1 has been used by some com-
munities for many years without appreciable harm ; how-
ever, 1000 to 1500 mg/1 of sodium chloride gencrally
renders water unpalatable (32, 36, 621). It has also been
reported that 7500 mg/l of salt is harmless and that
10,000 mg/l causes vomiting (621, 579) (see also So-
dium, Dissolved Salts, Chapter 111, Chapter V).

b. Industrial Water Supplies. For ice making, as
much as 342 mg/l of sodium chloride would probably
not be detrimental; if it were the only salt present in
the water (229). A concentration of 1000 to 1500 mg/1
of sodium chloride in the process water causes tastes in
canned foods, but does not affect the quality in other
ways (224). For brewing, some sodium chloride is de-
sirable and nccessary in the water (171). It has been
reported that 75 to 150 mg/l of sodium chloride is de-
sirable in brewing water, but more than 500 mg/1 is
deleterious (170). It has also been recommended that
for brewing waters the salt concentration should not
exceed 200 mg/1 (173); or 275 mg/1 (152, 168). Other
salt recommendations for brewing waters include the
following values: pale ales I, 30 mg/1; pale ales II, 30
to 60 mg/1; mild ales, 60 to 120 mg/1; and stout, 120
to 175 mg/1 (170). Good ale has been brewed, however,
with water containing as much as 715 mg/1 of sodium
chloride (32). See Chapter V.,

Larson and King (3675) conclude that the rates of
corrosion of iron and steel in water are a function of
the specific mineral guality as well as the alkalinity and
pH values. They indict NaCl and other sodium salts as
strong econtributors to the rate of corrosion. For exam-
ple, in a water with 400 mg/] of alkalinity (as CaCOj)
and pH 7, the corrosion rate will be zero at 100 mg/1
of NaCl, but when the NaCl concentration is 400 mg/l,
the corrosion rate will be about 100 mg per sq em per
day (3675).

c. Irrigation (see also Chapter V; Dissolved Solids).
The effects of sodium chloride in irrigation water vary
with the individual plants, the species, and environ-
mental and climatie conditions. The presence of 10 milli-
equivalents or more of sodium chloride in nutrient solu-
tions depressed root growth and water absorption by
corn and iomato plants (1348). In irrigation water 100
to 200 mg/l of sodium chloride has caused injury to
avocado trees in some soils, and also to some flowers, but
many other plants are not sensitive to such concentra-
tions (921). Water used for irrigation should not con-
tain more than 700 mg/1 of dissolved minerals in which
sodium chloride predominates (638). Tomatoes have
been killed by water containing 2000 mg/1 of sodium
chloride, but chrysanthemums have been resistant to as
much as 3000 mg/1 (921). To peas in liquid eulture 4000
mg/1 or more of sodium chloride was toxic and 9000
mg/] permitted almost no growth. The growth of wheat
and barley plants in liquid culture was depressed by
8000 mg/1 of sedium chloride; 10,500 mg/1 appeared to
be lethal over a long period. although some plants could
tolerate this eoncentration for a limited period of a few
weeks. In general, no plants grew to any appreciable

extent when irrizated with water containing 1500
mg/1 of sodium chloride (1349).

Young rice is sensitive to the presence of ehlorides 1y,
water, but develops resistanee as the plant matures, Ae.
cording to Shutts {1693), the commonly accepted toler.
anees of rice to salt water are as follows:

Concenirations of Salts

as NaCl, mg/l Tolerances

600 Tolerahle at all stages

1300 Rarely bharmful, and only to seedlings in
dry, hard soil

1700 Harmful before tillering; tolerable from
jointing to bheading

3400 Harmful before booting; tolerable from
hooting to heading

5100 Harmful at all stages

Chlorides tended to accumulate in plants and soil
when wheat was grown 2 and 10 meters away from a
diteh earrying water containing 103,000 mg/1 sodium
chloride. Increasing concentrations of salt caused pro-
gressively greater reductions in height, weight, leaf
growth and seed number of affected plants (1694).

The effect of NaCl on plant growth has been demon-
strated by culture in sand to which various concentra-
tions of salt have been added to the normal nutrient
solution. With sand culture, the effect of sodium on the
soil structure is avoided as a contributing factor. Results
are shown below:

Relative
NaCl Added Crop . Dry
Atmospheres mg/l Designation Weight Reference
Control s All 100 A
1.0 1400 Rice straw 89.7 3379
Rice grain 745 3379
Rice roots 90.9 3379 .
15 2100 TBean plant 89.0 3376
Bean leaves 7.3 3376
Bean roots 93.3 3376
2.0 2800 Rice straw 46.1 3379
Rice grain 12.0 3379
) Rice roots 49.6 3379
25 3500 Bean plant 73.8 3376
Bean leaves 70.5 3376
Bean roots 80.1 3376

This table demonstrates that NaCl affects the growth of
plants and that rice is more sensitive than beans.

d. Stock and Wildlife Watering (see also Chapter V3
Dissolved Solids). Salt poisoning has been reported
among a great variety of livestock; its symptoms include
malnutrition, wasting diseases, diarrhea, nervous dis-
turbances, decreased milk or egg production, reduced
reproduction, and sometimes death. The minimun lethal
dose of sodium chloride for poultry has been reported
as about 2 erams per pound (1350). The following doses
of sodinm chloride have been reported to be toxic to vari-
ous animals: pheasants and rabbits, 3 grams (3676);
ducks, 6 grams; dogs, 30 to 60 grams; sheep and pigs,
120 to 140 grams; cows, 2 to 8 kilograms; and horses, 1
to 2 kiloarams (284).

The following concentrations of NaCl in drinking
water have been reported to have caused the indicated
effects on animals:

Concentration

Reactions Reference of NaCl, mg/1 Animal
4000 Laying hens  Watery droppings 2308
5000 Young chicks Nervousness, in-

ability tostand 13351, 1551
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Concentration

of NaC'l.mg/1 Animal Reactions Reference

7000 Swine Slizht scouring 2398
7000 Cattle Reduction in

weight 2508
7200 Sheep Lethal to some

: animals 642, 1352

9000 Chicks Lethal to two-

thirds 2950
16000 Rats Deereased

reproduction aR%4, 287, 205
10000 Cattle, swine,

poultry Toxic effect 0§

10000 Laying hens Loss of weizht and

exr production 298
15000 Rats Returded zrowth,

some deaths 284, 287, 205
15000 Cattle Reduced water

intake

15000-17600  Cattle Sickened or killed

1500025000  Cattle, hens,

pigs, rabbits  Injurious or fatal
17500 Cattle Lost weizht
20000 Young chicks Death in three

days

On the other hand, the following concentrations of
NaCl in drinking water have been reported to cause no
apparent adverse effect on the designated animals:

Concentration
of NaCl, in mg/l Animal Reference
1025 General livestock 2394
2000 Young chicks 1551
2450 © Cattle, sheep, swine, poultry 3301
3000 Chicks 2980
4000 Cattle, swine, poultry 2398
5000 Rats 284, 287, 295
5720 Sheep, horses 642, 1352
9000-10000 Dairy cows 202, 293
9123 Horses, without working 642
11440 Cattle and sheep 642
11690 Rats 2398
12500 Cattle 2396
20000 Cattle not in milk production 288
25000 Sheep 288

e. Fish and Other Aquatic Life. (see Dissolved Solids;
Chapter V). The following concentrations of sodium
chloride have immobilized or killed fresh-water fish:

Concentration Type of Time of Type of
of NaCl, mg/l Water Ezposure Fish Reference
1270- 2340  Soft,
distilled  __ Fish 1459
2500 - 120 hours Shiners 190
2500 xu - Fish 344
2500 Distilled 9-24 days Minnows 313
3820- 5100 Hard,
alkaline  __ Fresh-water fish 1459
3350 Natural _— Whitefish, pickerel 588
5000 - o Newly hatched trout 14359
5000 Distilled 148 bours Sbiners 313,
645
5000 Distilled  200-250 hours Bass 313,
G415
8500 Distilled 4-8 days Minnows, perch 1459
10000 _— 07-148 hours Shiners, bass 645
10000 Tap 4.8 days Minnows, perch 1459
10000 River 4-10 days Goldfish 313
10000 Distilled 6 hours Minnows 2942,
2943,
2044
10000 = s Fish 603,
1070
11500-12000 Hard 6 hours Minnows M2,
2043,
2044

Cancentration Tupe of Time of Tupe of
of NaCl, mag/t Water Erposure Fish Ieference
116M0-14600 e — Stickleback 353
11760 Tap . Salmon eggs and fry 1459
11765 Distilled 17 hours Golldfish 313
12044 Aerated 06-hour TLm Dluegills
14000 Synthetic 24 hours Bluegills
14000 - - Golltish
BRLL] - 4.7 hours »
. 24 hours -water fish
Natural s Whitefish
Turbid 9G-hour TLm  Moxquito-fish
5= hours Shiners

5060 wx 15 minutes  Trout

On the other hand, the following concentrations of
NaCl have been reported as harmless in the time speci-
fied :

Concentration Tupeof Survival Type of
of NaCl, mg/l Water Time Fish Reference
5000 River 25 days Goldfish 313
5830 Tap S Salmon eggs and
larvae and young
stickleback T 1459
9100-17500 s 30days  Perch 644
11700 — 50 hours Young eels 1459
12000 Distilled - Stickleback 1459
20000 Tap - Stickleback 1459
25000-30000 w o Older trout 1459
30000 - 30-60 Brook -trout 441
minutes

The threshold concentrations of sodium chloride in
natural waters reported for immobilization of Daphnia
and other fish-food organisms range from 2100 to 6143
mg/1 (352, 353, 358, 598, 2946, 2955). Yet in distilled
water, one mg/1 of NaCl killed Daphnia magne in three
hours (313). The resistance of Daphnia magna to NaCl
appears to vary with the oxygen tension (2946). At
6.4 mg/1 of dissolved oxygen the threshold toxicity level
of NaCl was 5093 mg/], but at 148 mg/1 of DO, the
threshold for NaCl was only 3170 mg/1 (2946). Many
small crustacea and fish fry are immobilized by concen-
trations above 3100 mg/1 (598). The toxie threshold for
a flatworm, Polycelis nigra, was found to be 11,200 mg/1
(354).

In Lake Erie water at 20-25°C, threshold limits for
several fish-food organisms were reported (2955) as

follows:
Threshold Concen~

Organism tration, mg/1
Daphnia magna, young._. - 3700
Daphnia magna, aduolt 4600
Leptodora kindtii ___. 3700
Cyclops vernalis 6100
Diaptomus oregonensis e ____. 3030

A Russian article (3677) indicates the following maxi-
mum NaCl tolerances for fresh-water organisms at two

temperatures:
NaCl Tolerance in mg/l

Organism 20°C $°C
Stictochironomus ___. - 788 1000

- 1576 2000
800

An oligochaete ___
Daphnia magna __
Cyclops serrulatus
Leucaspisis delineatus __ s

Anderson considers sodium chloride econcentrations
above 3000 mg/1 deleterious to both fish-food organisms
and fish fry and recommends a permissible limit of 2000

mg/1 in fresh waters (598). On the other hand, higher
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concentrations of sodium chloride have been found to
decrease somewhat the toxieity of some metallic com-
pounds toward fish (1265) (see also Mercuric Chloride).
Sodium chloride is the least toxic to fish of the chlorides
of potassium, magnesium, caleium and sodium. Sodium
chloride is antagonistic to the toxieity of caleinm and
potassium chlorides (353, 307). A concentration of 50
mg/]1 of sodium chloride has greatly inercased the an-
tagonistie effect of sndium nitrate toward copper sulfate
poisoning of fish (311). The toxicity of sodium chloride
toward fich is deercased by caleium chloride (307).

f. Shellfish Culture. The most favorable salt content
of water for oyster growth is about 30,800 mg/1 of
salinity of which about 80 pereent is sodium chloride
(314).

SODIUM p-CHLOROBENZENE SULFONATE
(see Chapter X)

SODIUM CHROMATE
(see Chromium)

SODIUM CITRATE
(see also Citric Acid)

This highly soluble salt has many uses in medicine,
especially as an anticoagulant. It is also used in photog-
xzaphy and as a sequestering agent to remove trace metals

364).

Anderson (352) reports that the threshold concentra-
tion for immobilization of Daphniec magne in Lake Erie
water at 25°C was 825 mg/1. For Polycelis nigra, a flat-
worm, the threshold for toxicity at 15 to 18°C was a
0.015 molar concentration, or 4420 mg/1 of sodium ecit-
rate (354).

C;H,0H(COONa)3-2H0

SODIUM CYANATE NaOCN
(see also Cyanides, Hydrogen Cyanide)

Cyanates are formed when cyanides in waste waters
are treated by alkaline chlorination. According to Res-
nick et al. (2974), cyanates are stable in aerobic water
at pH 7 and 20°C for at least 10 days. Eventually,
cyanates undergo hydrolysis to yicld ammonium ecar-
bonate. In anaerobic solutions eyanates are reduced not
to eyanide but to a mixture of ammonia and formie acid.

According to Washburn (1070) the maximum toler-
ance limit of creek chub to sodium cyanate is 75 mg/l.

SODIUM CYANWIDE : NaCN

1. General. This highly soluble salt is used in elec-
troplating baths, for extracting gold and silver from
ores, and for zenerating HCN gas in fumizating opera-
tions (364). Upon solution in water, the cyanide ion
ecombines with hvdrogen ions in the water to form
weakly dissociated hydrogen eyanide, thereby tending
to raise the pil of the solution. For further explanation
of the exvanides, see Hydrozen Cyanide.

2 Cross Refervences. .Cyanides, Cyanogen Chloride,
Hydrogen Cyanide, Nitriles, and other cyanide salts.

3. Effects Upon Beneficial Uses.

a. Domestic Water Supplies. The fatal dose of NaCN

for man by ingestion is reported to be about 0.2 grams’

(353), but since the fatal dose of HCN has been given as
50 to 60 me (3G4), the former figure may be high. See
also Cvanides and Hydrogen Cyanide.

b. Stock and Wildlife Watering. The approximate
minimum toxie dose of NaCN for sheep is given as 415
mg per kg of body weight, and a dose of 5.22 mg per kg
is lethal (353).

¢. Fish and Other Aquatie Life. The following con-
centrations of sodinm eyanide have been shown to be
harmful or toxic to fish:

Concentration
of NaCN, Timeof Tupe of

inmg/} Ezposure Fish Remarks Reference
0.05 124 hours Treut 100 percent mortality 1115
0.28 96 hours Rluezills. TLw in seft water 2958
0.33-0.35 2.5 hours Miznnws Lethal 1468
0.4 1 heur Minnows Stopped eating 362
0.43 98 hours Fatlead Minnnw TLw In soft water 2938
0.44 48 hours Fathead Minnow TLa 3335
0.5 4 to G hours Gnliliish and
green sunfish Lethal, 25°C 3678
0.5t 0.7 24 hours Minnows 23 percent mortality 3652
0.66 96 haurs Fa'head minnow TLin in bard water 2958
0.75 24 hours Minnows 50 percent mortality 363
0.8 24 heurs Minnows 100 percent martality 362
1.0 0.7 ta 10 hours Mixed fish Lethal at 25°C 3678
& 20 minutes Trout 100 percent mortality 1118
15 0.6 to 24 hours  Goldfsh and
green sunfish  Lefhal 3678
2 47 minutes Trout Lethal 1118
2.0 - Sticklebacks Lethal at 17°C 2920
8.1 90 minutes Fisk Depressed  resplration 468
4.3 Hardy carp Paralyzed 362
5 12 minutes Shiner Killed 1115
5 2 hours Trout, bluegll  Killed 2978
10 4 minutes Shiner Killeg 1115

Non-toxic or non-harmful concentrations have been re-
ported as follows:

Concentration
of NaCN, Timeof Tupe of .
inmg/l Exposure Fish Remarks Reference
0.02 o Trout fingerlings No effect 1115
0.08 Lz Trout Non-toxie 1109
0.3 24 hours Minnosws No effect 362
2.3 155 minutes Fish Survived 468
5.0 2 hours Sta lamprey 1, but survited 2076

According to Anderson (365), the threshold concen-
tration for immobilization of Daphnia magna in Lake
Erie water at 25°C was found to be less than 3.4 mg/1 of
sodium eyanide and Jones (354) reports that the thres-
hold eoncentration for Polycelis nigra, a flatworm, is 16
mg/] as eyanide (30 me/l as NaCN). A concentration of
3.6 mg/l1 of NaCX inhibited BOD by 50 percent (2949).

SODIUM DECYLBENZENE SULFONATE
SODIUM n-DECYL SULFATE

SODIUM 2, 5.DICHLOROBENZENE SULFONATE
(see Chapter X)

SODIUM DICHROMATE
{sce Chromium)

SODIUM DIEYDROGEN PHOSPHATE
(see Sodium I'hesphates)

SODIUM DI (2-ETHYLHEXYL)
SULFOSUCCINATE

SODIUM DIOCTYL SULFOSUCCINATE

SODIUM DODECYLBENZENE SULFONATE
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having a rotten cgg odor indicating the presence of
hedrogen sulfide (commonly referred to as sulfur
water). To remove, spray the water into the air
over a collecting basin, or causc it to flow over
paltics so that the hydrogen sulfide gas will be re-
leased into the air. Protect the acration equip-
ment so that contaminants cannot cnter the water,

Activated carbon treatment consists of passing
the water through granular or powdered activated
carbon which adsorbs large quantitics of dissoived
gases, liquids, and finely divided solids. This
trcatment is extremely effective in taste and odor
control. Activated carbon can be used in filters
available from manufacturers of water-condition-
ing and trcatment equipment.

Superchlorination also is effective in reducing
tastes and odors present in water. Add chiorine
to the water in excessive amounts (superchlorina-
tion) to provide a minimum chlorine residual of
3.0 mg/1 for a contact period of at least 5 min-
utes. Remove the excess chiorine (dechlorination)
to eliminate the objectionable taste. A good
method is to use filters of activated carbon.

Algae are the most frequent cause of taste and
odors in farm water supply systems. To control
algae, treat the water with copper sulfate or,
when feasible, cover the storage unit to exclude
sunlight. The amount of copper sulfate required
varies with the particular species or organism in-
volved. A dose of 0.3 mg/l (1 ounce in 25,000

gallons .of water) will generally control most algal i

growth likely to cause trouble in drinking water.
Even this small amount will damage milk flavors
if the treated water is used in milkhouse sanitation
without removing the copper.

Softening: Hardness of water is due, in Jarge

" part, to the presence of calcium and magnesium

compounds. Water dissolves these minerals as it
passes through soil and rock formations.

Water softcning is not usually considered neces-
sary or economical unless the total hardness ex-
ceeds 106 mg/L. In this case, the better and easier
cleaning obtained along with the savings in de-
tergent probably will pay for the softencr.

Water softencrs are simple machines and the
cost of operation is low. Before a water softener
is installed, the water should be analyzed to de-
termine how much softening capacity is required.
Most dealers who handle water softeners provide
this scrvice.

The Water Systems Council’'s publication,
“Water System and Treatment Handbook,” sum-
marizes mcthods of water treatment in a uscful
table (191).

livestock
water supplies
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water on the production premise, this may be more
readily accepted as a criterion of safety than if the
only visible measurement is an anacrobic, black,
stinking, open pool of sewage. The latter situation
is often the case and public demand is strong to
induce modifications whether or not cconomically
feasible.

It is apparent that large livestock establishments
need help in designing practical waste disposal
systems, The system must be able to handle odors
and gascs as well as solids and the net result must
not create an excessive Biological Oxygen Demand
(BOD) in the terminal water. Some operations
avoid excess contamination of flowing water by
spreading liquid manure onto ficlds. The BOD may
be partially satisfied by introducing air under pres-
sure into sewage, by anacrobic digestion with pro-
duction of methane and other flammable gases, or
by other procedures. The total nutrients available
in ‘solution, however, create problems in the
aquatic environment which can readily be meas-
ured by fish livability in terminal ponds. The possi-
bility of a marketable product of fish is a reality,
but only under unusual circumstances should
public fishing be encouraged.

Fish in association with livestock will not meas-
ure the presence of pathogenic, enteric, or other
microorganisms except as biologic accumulators.
Fish disease organisms are usually of different
genera from those causing livestock diseases, al-
though some diseases, like salmon poisoning in

. dogs and numerous parasitisms including fish in

their life cycles, are exceptions.

Relationship hetween animal and human

‘water quality criteria

Water is a vchicle for transmission of many
infectious diseases (viral, parasitic, and fungal)
affecting both animals and man. Generally speak-
ing, however, it is'less significant than food or other
contact situations as a route of infection. Mineral
and chemical contaminants of water are hazards
from a health and ecconomic standpoint for both
animals and man. The quality criteria for mineral
and chemical contaminants established for human
water supplics have been based primarily on ani-
mal experimentation and not human tests, Simi-
larly, the 50-percent lethal dose (LD.,) for most
drugs for humans is derived from animal experi-
mentation using the chick, duck (eggs), dog,
swine, rat, and rabbit as test subjects. Desirable
quality criteria for livestock drinking water should
ultimately be no less than for man. At the same
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time, it must be appreciated that a large segment
of the grazing livestock population obtains its
water from surface sources.

Livestock arc maintained in an environment
where exposurc to coliform and other organisms
can be an everyday cxperience. Remarkable ad-
vances in animal production have been accom-
plished through management practices which have
eliminated many pathogens. The more advanced
the management program, the more important
the need for water criteria which approximate
human standards. Enteric organisms and viruses
may cause serious losses where management prac-

tices allow livestock to become more susceptible

to infection through lack of immunity. Nutritional
factors may also change the resistance to discase.
Although antibiotics in poultry and swine feeds
increased weight gain and improved feed effi-
ciency, the resulting reduction and alteration of
intestinal bacteria crcated an environment for
those organisms resistant to the antibiotics.

There is evidence also that water is a vehicle
for the transmission of such discases as colibacil-
losis, swine erysipelas, leptospirosis, listeriosis,
salmonellosis, streptococcosis, staphylococcosis,
and tuberculosis. Moreover, many fungus diseases
are transmitted by water although less frequently
than by other mcthods. Practically all of the trema-
tode, cestode, and nematode (parasitic) infections
may be waterborne. It is also suspected that many
virus diseases are waterborne, Under otherwise
ideal conditions for livestock, specific organisms
or viruses spread by water can cause explosive
epidemics and sometimes serious losses, as in the
case of amoebic dysentery and waterborne diar-
rhea,

Not infrequently, livestock are watered from
the same source which supplies the home. Here
the standards must obviously be human oriented.
Watering livestock may provide additional prob-
lems through float-controlled tanks which either
leak or concentrate toxic substances through cvap-
oration. Automatic float-controlled devices for
swine and poultry are particularly likely to over-
flow and the muddy, damp environment may in-
creasc the hazard of discase. If the water supply
is from deep wells and artesian aquifers, the water
itself may be safe although its mincral comtent
may differ materially from surface water of the
arca. When spilled on the soil, this decp-well
water may create environments suitable for past:
sitisms, acid-fast infections, Icptospirosis,
other diseases not common to the neighborhood of
shallow wells and surface water supplics.

Some discases are very dependent on watf

]

Leptospicosis can be sprcad by urine splash to
the face of other animals, but spreading via water
is the more common and normal situation in cpi-
Jemics. A piped water supply may not affect the
distribution of such discases as anthrax, blackleg,
botulism, bacillary hemoglobinuria, and footrot
infections, all of which occur in circumstances in-
volving various water-related cnvironmental fac-
tors. For example, soil and rainfall distribution
materially influence the occurrence of these dis-
cases. Preventive management practices should in-
clude a sanitary water system which does not pond
or puddle water on the yards or pasturcs. Such dis-
eases as dysentery, typhoid, and cholera of man
also have their counterparts in livestock produc-
ion. A pathogen-contaminated water supply
should no more be permitted for livestock than
for the human becausc the separation of human
and animal pathogens in their ability to cause
discase is not distinct.

The economic importance of optimum water
intakes by farm animals is obvious. Thus, palata-
bility ard toxicity duc to dissolve mineral salts
are of concern, The most abundant mineral salts
present in surface and deep-well waters are the
carbonates, bicarbonates, chlorides, and sulfates
of sodium, potassium, magnesium, and calcium.
Together they comprise 95 to 99 percent of the
total mineral content of most natural waters.
Water begins to decrease in palatability when the
total amount of these minerals exceeds from 500
to 1,000 mg/l, depending on the nature and com-
bination of the minerals. Beyond these limits, the
water beeomes increasingly unpalatable and fi-
nally toxic. The common belief that cattle and
sheep are more tolerant to highly mineralized
waters than poultry, swine, and horses may not
be true. Limited rescarch work indicates little
species differences in salinity tolerance when the
moisture content of the rations is similar.

Practical expericnce and a limited amount of
controlled experimental work indicate that chick-
ens, swine, cattle, and shecp can survive and re-
main healthy on saline waters containing up to
15,000 mg/t of mincrals such as bicarbonates,
chlorides, and sulfates of sodium and calcium and
up to 10,000 mg/l for the corresponding salts of
potassium and magnesium, The limits of tolcrance
to alkaline waters, those containing sodium and
calcium carbonates, are around 5,000 mg/l.

Surface and underground waters nearly always
contain trace amounts of toxic minerals. Of these,
lead, arsenic, sclenium, chromium (hexavalent
forms), cadmium, silver, barium, and fluorine are
cumulative poisons. When present in excess, they
are not climinated from the body fast cnough to

prevent the buildup of toxic levels in the bones,
soft tissuc, and other body parts. They thus be-
come hazards to man who consumes them as well
as to the animal which may very well survive the
insult and reach market without outward notice-
able cffcct. Many other mincrals, such as salts of
zinc, copper, manganese, and iron, arc also pres-
ent. However, they are not cumulative poisons and
become toxic at much higher levels.

A quantitative mineral analysis of water is
highly informative relative to its content of lead,
arsenic, and other toxic minerals. In only a few
cases will these minerals be present in harmful
amounts. In nearly all cases, the decisive factor
affecting the suitability of water will be the amount
of sodium, potassium, magnesium, and calcium
contained.

Since no two waters are similar in their relative
content of sodium, potassium, magnesium, and cal-
cium, no attempts have been made to determine
the exact magnitude of their detrimental effects
on water and feed intakes and feed efficiencies
during the time required to develop tolerance to
them. The detrimental effects will be roughly pro-
portional to the total amount of these four minerals
in excess of 1,000 mg/1.

Variahle considerations

Geographical

The foregoing discussion has implied some-
thing of the breadth and diversity of the water
pollution situation as it bears on domestic live-
stock. Somec classification of the resultant prob-
lems is possible on the basis of the varicty of fac-
tors influencing poliution.

Certain geographical areas of the United States
are recognized as related to specific types of water
contamination. These may be concerned with geo-
logical soil formation, or with production patterns
indigenous to the arcas in question. Examples
of the first type are the presence of boron in natural
waters of Southern California and of sulfates as
leachings from gypsum and other soil minerals in
several of the Western States. An indirect exam-
ple of the same relationship is the cffect that cer-
tain alkaline soil conditions have upon the pH of
soil water and the subsequent implications for
viability of livestock discase organisms. Micro-
organisms responsible for erysipelas in swine,
sheep, and turkeys, vibrio fetus in cattle and
sheep, and vibrio dysentery (“winter dysentery”)
of cattle all thrive in an alkaline medium (73).
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Nitrate toxicity, while it is still imperfectly under-
stood, tends to show some tendency toward preva-
lence in arcas of the Great Plains having high-
soil fertility and a high water table.

Sulfates and their derivatives may also be used
as examples of product-oricnted contamination
in discharge watcrs from paper mills which are
located in various regions of the country where
geographical conditions support timber growth.
Development of large-scale livestock feedlots has
generally taken place in dryer regions where dis-
ease control is casicr. Consequently, specific prob-
lems of water pollution related to this industry
acquire a regional pattern.

Species

Some interesting species differences also exist
among livestock tolerances to water pollutants.
A pertinent example of these is the variable re-
sponse of different types of animals to salinity con-
centrations. Standards developed in western Aus-
tralia as safe upper limits for livestock are listed
in table IV-10 (122, 190).

TABLE IV-10. Proposed Safe Limits of Salmlty
for Livestock

Thresheid salinity
concentration *
Animal TOS mg/t

2,860
4,290
6,435
7,150
10,000
12,000

Dairy cattle .
Beef cattie ____
Sheep (adult, dry)

* Total salts, mainly NaCl,

These values should not be taken as absolute,
but rather interpreted as indicative of the signifi-
cant specics variation that exists, They were de-
veloped in a subtropical environment and may not
be readily translatable to more temperate areas.
Obviously, when feed is also high in salt content,
a lower water salinity would be desirable. More-
over, when animals are consuming high-moisture
forage they can tolerate morc saline water than
when they are grazing dry “bush” or “scrub.”
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Discussion of individual items as they
affect livestock

Mineral Salts

One of the commonest types of water contami-
nants is the mineral salts due to their ubiquitous
occurrence and their solubility characteristics.
Highly mineralized waters can cause physiological
disturbances in animals including gastrointestinal
symptoms, wasting disease, and sometimes death.
Animals subjected to physiological stresses, such
as reproduction, lactation, or rapid growth, are
particularly susceptible to mineral imbalances,
hence they pose a real threat to animal production.
It is not prudent to generalize on overall “salt”
levels in water since some salts are specifically
toxic, such as nitrates, fluorides, selenates, and
molybdates (/1). “Alkalinity” of water, while it
does not represent a single polluting substance,
but rather a combination of various cffects and
conditions, is a common measurenient that carrics
some significance, Caustic alkalinity in concentra-
tions of 50 mg/I and 170 mg/1 has been reported
to cause diarrhca in chickens and other animals
(71). The following data are pertinent to estab-
lishment of tolerance levels for specific inorganic
elements or their salts,

The cstablishment of criteria for every poten-
tially hazardous material which might occur in
water is not feasible. Allowable concentrations of
certain trace clements, as listed in table IV=11, are
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and the treatment of them. Dairy Plant Ficld-
man. pp. 19-21.

RECEIVED
JUL 121872

TE OF COLORADO = LI OF HEALTH

4210 EAST 11TH AVENUE « DENVER, COLORADO 80220 - PHONE 388-6111
R. L. CLEERE, M.D., M.P.H., DIRECTOR

July 10, 1972

Mr. Doug Rogers, Director

0i1 & Gas Conservation Commission
Room 237, 1845 Sherman Street
Denver, Colorado 80203

Re: Skelly 0il Co., application for fluid disposal. C.F. Green lease,
Sec. 20, T9N, R53W, Logan County, Colorado.

Dear Doug:

We have reviewed the application referred to above. [t appears that it
will be impossible to determine, with any degree of certainty, where the
injected fluid will go. This Division would normally be opposed to any
such application, but there may be mitigating circumstances in this case.

Since there are no extensive aquifers of good quality water in this

. immediate area, and since part of the produced water Is being beneficially
used for ranching operations, it may well be to the best interest of the
State to approve this application.

Our conditional approval is subject to your evaluation and concurrence ) 5
and a thorough review by the ground water section of the Division of

Water Resources.

Thank you for the opportunity to review this application.

Very truly yours, ’ N
FOR DIRECTOR, WATER POLLUTION CONTROL DIVISION

L iles

Kennfth W. Webb, P.E.
Public Health Engineer

KWW:dls

EXHIBIT NO. 9
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siumbine Suilding

1 1845 SLAC"’T‘ :n Strect

T0: J. A. Danielson

FROM: John Romero

SUBJECT: Tnjectxon of salt water 1n-o tne Plerre formation
in the C. F. Green Xo. 2 well at NE NE Section 20,

) : Township 9 North, Range 53 West, Walker Field, Logan
County, Colorado.

Geology of Subject Area

The thin veneer of surficial deposits which cover the bedrock
of the area include lithosols, loessial deposits, and minimal guantities
of stream alluvium. -

The youngest bedrock deposit of the area is the Chadron (?
member of the White River group (0Oligocene). The Chadron member exists
as outliers on a few of the areas higher hills.

The Pierre formation of Upper Cretaceous age underlies all of
the above mentioned vounger deposits. In the vicinity of Section 20,
Township 9 North, Range 53 West the upper 10-15 per cent of the
formation has been removed by the erosive forces of tributaries of
the South Platte River. ) Y

In the subjéct area the Pierre formation is composed of about
4,000 feet of predominantly shale and sandy to c¢alcareous shale with .
local thin beds of sandstone and seams of bentcnitic shale. Sandy
shale is particularly preponderant in the uppermost part of the
formation. This portion of the Pierre is commonly termed the "transition
zone" between the marine deposits of the Plerre formation and Fox
Hills sandstone, and the continental deposits of the Laramie formation.
Examination of E-logs of wells in the area indicates that from 100 to
about 300 feet of the transition zone has been removed by erosion.

Underlying the Pierre formation from a depth of about 4,000
feet to 4,350 feet are the marine limestones shales, and chalks of
the Niobrara formation. The Nicbrara is underlain by about 200
feet of Carlile shale and this in turn underlain by about 230 feet
of the Greenhorn limestone. The "D" sandstone underlies the
Greenhorn limestone and the "J" sandstone lies about 100 feet lower.

BXHIBIT NO. 10

Structure

The formations which are penétrated in the subject well are
located southeast of the longltud~na1 axis of the Denver Basin.
The Niobrara formation strikes about N. 45° E and dips MW at a
rate of 15 to 20 feet per mile.

* Water-Supply Wells

The three water supply wells about one mile south of the proposed
injection well obtain water £rom sandy shales and thin beds of sandstone
of the upper Pierre or transition zone. The total depths of wells a, B,
and C are respectively 400, 700, and 375 feet. There are numercus
other domestic-stock wells within a 10 mile radius of the proposed
Proposed Injection Well. . o

Injection is to be accomplished at the existing C. F. Green well
No. 2 through the casing annular space from a depth of 402 feet to
4,126 feet. Existing EB-log data indicate that the top of the injection
level is from 100 to 200 feet above the base of the proven water
producing zones of the transition zone. Below the transition zone the
injection is proposed to take place in the remaining 3,200-3,300 feet
of the Pierre formation and in the upper 130 feet of the Nloorara
formation.

Proponents of the injection indicate that the injection pressure
will be 200 psig whereas the formation fracture pressure is only
500 psig. A safety factor of only 2.5.

Salt water injected below 402 feet will be interdispensed
within the following strata:

1. It is probable that a large percentage of the injectant will
be forced into the lower levels of the transition zone. The transition
zone is porous and transmitts water to domestic and stock wells in the
area. Salt water under a pressure of 200 psig will undoubtedly
penetrate said strata.

2. Injectant below the transition zone and above the Niobrara will
be forced into many of the numerous beds of sandy shale and thin beds \
of sandstone. Many zones of the Pierre are bentonitic and no appreciable
injection should occur either withjn such zones or perhaps in posszbly
exlstlng bentonite "halos” within the well bore.

3. The upper 130 feet of the Niobrara formation consists of 40-50
feet of limestone and 80 to 90 feet of calcareous shale. If injection
is successful below 4,000 feet it will most likely occur in the limestcne.

L {

Conclusions Regarding the Effectiveness and Distribution of the Injection
H ; :
It is possible that an appreciable quantity of the injectant will'’
be forced into the basal part of the transition zone. It is hoped that
a larger percentage of the injection will occur within the sandy shales
and -thin sandstones below the transition zone but their ability to
accept relatively large quantities of a recharged fluid might be
questionable. However, some “sandy zones" below the transition zone
exceed 200 feet in thickness and might serve as effective receptacles.
The Niobrara will probably accept only limited guantities of injectant

|
P

» 5 R
./ 2age 3 Te P Bidadndtn GULY 5, 29YZ
through fractures.
i i
. ' : Coneslusions - i

An attempt should be made to prevent contamination of the dOmeSth
and stock-water producing transition zone.

This will require the installation of an additional 300-400 feet
of seal but is deemed necessary to protect one of the areas reliable
sources of bedrock~groundwater.

Care should be taken to insure that injection pressures do not

greatly exceed 200 psig.

John Romero
Water Resources Engineer
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SURFACE CASING STUDY

LOGAN COUNTY, COLORADO

Below are tabulated the depths at which surface casing has been set

and cemented within an 18 square mile area of Green No., 2.

FIELD

Walker
Outside Walker

N. Mt. Hope
Outside N. Mt, Hope

Mt. Hope
Outside Mt. Hope

E. Mt. Hope
Outside Mt. Hope

N. Minto
Outside N. Minto

NO. WELLS

28
19

AV. DEPTH/FEET

248"
127!

163!
178"

246"
175

198'
147!

149"
195

It is interesting to note that 127 total wells set an average of 127 feet

of surface casing.

For comparison, Skelly Oil Company set an average of 380
feet in the three wells on the C. F. Green lease.

EXHIBIT NO. 12A

OFFICE OF STATE OIL INEF
SUNDRY NOTICES AND REFORTS OF WELLS
LOCATED ON PRIVATE LANDS

Y ‘7

(Indicate nature of data by checking below)

Notice of intention to drilli....c.d Moy 10,.395)........
Notice of intention to change plans......
Notice of date for test cf water shut-off..
Report on result of test of water shut-off
Notice of intention to re-drill or repair well....
Notice of intention to clean out well
Statement of shooting
Statement of psrforating
Notice to pull or otherwise alter casing.
Notice of intention to abandon well...
Report of work done on well since previous report

19......

Following is a (notice of intention to do work) (On land)

(02 por PR BRI DN tonvento)  described as follows:
e £00XOT2A0 e e JOZAR COURET e o MOERE HORO

State County Field
..... P LaFafreen. .. 20/l s/l (534 53,
(Well No.) (Lease) (Sec. and % Sec.) (Twp.) (Range) (Meridian)
The well is located....330....... ft. (X of _¥N..Dine.. and....930 ......ft. (K} of.Z..
(s) (W

PR 5 §.T- CO— s o
The elevation above sea level is ....Wi70... . 1

Details of Plan of Work: (State names of and expected depths to objective sands:
Show sizes, weights, and lengths of proposed casings; indicate mudding jobs, cement-
ing points, and all other important proposed work.)

Flen to set acproximetely 300%, 10 3/)%-32} eosinz, Cementing same from
bottoa to0 top. From that Gepth (300!), rlan to drill 9" hole. To teat.
All pays to darth of Dzkota Sand, anvroximately 5100'. If we geb a
rroductive wall in any srnd, ws plan to run 7" 23 cesing.

SR SR Company....Skelly. 611 Genpany......
Grohen Hot el

EXHIBIT NO.12B
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WELL PLUGGING STUDY

. This Exhibit lists the several fields adjacent to the Walker Field and their

present status.

FIELD NO. Pl{ODUCING WELLS AVG. PROD. BOPD/WELL NO. PLUGGED WELLS
Walker 4 12 43
Mt. Hope 6 38 48
E. Mt., Hope 8 21 : 9
N. Mt. Hope 3 4 20 -
N. Minto 2 10 6

There are only 23 remaining producing wells and over 126 wells have been plugged.

As late as September 1, 1972 Mr. Frank Piro, Deputy Director for this Commission,

explained that 15 feet of cement in the bottom of surface casing and 10 feet of cement

in the top would meet the requirements of Rule No. 329 to protect all possible shallow
. fresh water acquifers in this part of Logan County.

Therefore, Skelly believes the practice of plugging 126 wells without a single pollution

incident in over 20 years has proven this Commission has set and enforced rules to

protect the enviromment and waters of this State in an exemplary manner and all citizens

of Colorado should commend these efforts.

EXHIBIT NO. 13A

OGCC Form &

OIL AND GAS CONSERVATION COMMISSION
OF THE STATE OF COLORADO

PLUGGING RECORD Ot & GAS
CONSERVATION COMMISSIOY

INSTRUCTIONS

Within thirty (30) days after the plugging of any well, the owner or operator thereof shall file this form in duplicate
for wells on Patented or Federal lands, and in triplicate for wells on State lands, give & detailed account of the manner in
which the abandonment or plugging work was carried out, including the nature and quantities of materials used in pluz-
ging and the location and extent (by depths) of the plugs of different materials; records of the amount, size and location
(by depths) of casings and junk left in the well; and a detailed statement of the volume and weight of mud fluid used.

Operator__Skelly 0il Company Field___Valker Wildcat___lo
Lease Name_%a_F, Green Well No. 1 __County. Logan
Location_SE/L M2/l L3/l Section__ 20 Township. bl ~Range. 534 MeridianSth FH
(Quarter Quarter)
990 feetfrom M ___ Section line and 330 feet from _E Section Line
Nors Borw
TOTAL DEPTH__ SCL7! ‘ DATE oF PLuGEING___ 8~6~56

DETAILS OF WORK

Shot off 7" OD 23/ 8S J-55 R-2 casing at 3495 and pulled 115 jts. (3517') leaving
1522¢ (3495%=5017') lost in hole. Pluzged well according to Colorado State Regulations
as follows: ’

Filled hole with 10,7# mud from PBTD 4949' to 300!, Placed a rock bridge -

at 300! and spotied a cement plug 300!-220' with 10 sacks of regular

cement, Thon filled hole 280' to 107 with 10.7# mud and spotted a cement

plug 10" = 0! in top of surface casing with 5 sacks of regular cement.

Well Plugged and Abandoned 8-6=~56,

I/we hereby swear (or affirm) that the statements herein made are a full and correct report:

.Skelly 011 Co. Date 8=7-56

Approved : Company.

Date AddressPraver 310,/5terling, Colo, Phone No.1m2=0289

‘L _Joé‘z{[‘ ._. Byé )Z//b ,,,/44//; __ffle_Pist. Foreman
¢

Director un.)
EXHIBIT NO. 13 B

OGCC Furm 4
o L1

- O AND Gas ConservaTioN CoMMISSION
.»>/ OF THE STATE oF CoLorapo @& o
SUNDRY NOTICES AND REPORTS ON WELLSA;_".;'J.}‘ATSL. ¢

INSTRUCTIONS

Notice must be given to the Dircctor, and approval obtained in advance of the time when the owner or operator expects
to recomplete or abandon a well or to change plans. Within thirty (30) days after recompletion, change of plans, or rewedial
worli, a detailed repurt of the work done and the results obtained shall be submitted on this form in duplicate for wells on
Patented and Federal lands, and in triplicate for wells on State lands. In work that affects only rods, pumps or tubing or
other routine work such as, but not limited to, cleaning out to previous total depth, no report is necessary.

Notice of Intention to Recomplete D Report of Remedial Work D
Notice of Intention to Change Plans D Report of Recompletion D
Notice of Intention to Abandon Well E} Other [_—_]

(Check appropriate space)

LEASE NAME C. F. Green WELL NO.__3

FIELD_  Walker WILDCAT. COUNTY.____ Logan
TocaTIoN_SE/L 1Y, l:ﬂE.ﬂb__Section_2Q___Township___QXSI_Range_5311{____1\1eridian—__

{Quarter Quarter)

990 feet fromBOTth Section Line and 1650 feet from _€2SE Section Line
Nors EorwW

(DETAILS OF WORK)

It is anticlpated approximately 3500t of 53" casing will be pulled
leaving 1566% of casing in the hole. J & P '

5 4

Mud laden fluid 49607 to 3000

Rock bridge 300¢

Cement plug 300* to 280¢

Mud laden fiuid 280% to 10t

Cenent plug ' 10% to Surface

I/We hereby swear (or affirm) that the statements herein made are a full and correct report.
APPROVED: Company_Skelly 0il Company Date_1/12/65

T P. 0. Box 649
AL Address_licCook, HMebr. 69001  pyone no345=3510

[/{////ﬂ4 A Byl 2F D 0 s rieDist, Supt.
Director 7 (Signature) C. ¥. Fass
33 EXHIBIT NO. 13 C

s
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Date

OGCC Form §
C:

OIL AND GAS CONSERVATION COMMISSION
OF THE STATE OF COLORADO 1A

. PLUGGING RECORD

INSTRUCTIONS

Within thirty (30) days after the plugging of any well, the owner or operator thereof shall file this form in duplicate
for wells on Patented or Federal lands, and in triplicate for wells on State lands, give & detailed account of the manner in
which the abandonment or plugging work was carried out, including the nature and quantities of materials used in plug-
ging and the location and extent (by depths) of the plugs of different materials; records of the amount, size and location
{by depths} of casings and junk left in the well; and a detailed statement of the volume and weight of mud fluid used.

Operator. Skelly 0411 Company Field Walker Wildeat
Lease Name C. F. Green Well No._3 County_ Logan
Location SE&" WW/L NE/L Section__ 20 Township. N Range . 23W__Meridian
(Quarter Quarter)
._.?2.0____feet from__y____Sectionline and 1650 feet from. B Section Line
or8 Rorw
roraL peprH___ 49607 DATR OF PLUGGING__February 5, 1965
' DETAILS OF WORK
Sand 4960 to 4893*
5 sacks of cement LB93Y to L4853t
Mud laden fluig L8531 to 412t
15 sacks of cement 412t to 372t
Mud laden fluid 372 to 12t
5 sacks of cement 12t to Base of cellar
Surface soil Cellar to Surface

Left in holes

403t of 10-3/4", 29f, Armeo SW casing
1398% of 5-1/2", 1544, 8R, J-55, R-2, SS casing

1/we hercby swear (or affirm} that the statements herein made are a full and correct report:

i Approved: Compasy._SKELLY OIL COMPANY _ puieMarch 3, 1965
. . . 0. Box 649 '
Date. iS4 Address _McCook, Nebraska Phone No345=3510

7 7 )
Director (%:///ﬁﬂf S BYW Title Dist. Supt.

ignature) C, Fo Bass

/$3- EXHIBIT NO. 13 D

SALT WATER DISPUSAL APPLICATION
C. F. GREEN LEASE 0. 41660
N/2 NE/4 SECTION 20-98-53W
LOGAN COUNTY, COLORAJO

SURFACE OMWHERSHIP within one-half mile of the subject lease:

1. Charles W. & Helen . Erickson
’ Route 2
_Sterling, Colorado 80751

S/2 Section 17

2. - Green Land Co., Inc.
¢/o Frank Green
Route 2
Sterling, Colorade 80751

A1l Section 20

)

)

)

)

§

3. State of Colorado )

Board of Land Commissioners ) :

1845 Sherman Street ) SW/4 Section 16

" Room 201, Columbine Building )

Denver, Colorado 80203 )

)

)

)

)

)

)

)

4, L. F. & R. E. Ramey
c/o ¥m. C. Ramey
901 Holden Lane
Sterling, Colorado 80751

NW/4 Section 21

5. Lleslie & Grace Schroeder
"Raute 2
Sterling, Colorado 80751

N/2 SW/4 Section 21

" LEASE OWNERSHIP:

Shell 0i1 Company, 1700 Broadway, Denver, Colorado 80202

Frank Walsh, P, 0. Box 30, Sterling, Colorado 80751

Signet-Occidental Pet. Corp., 902 Patterson Building, Denver, Colorade 80202
E. R. Bay, Mid-Continent Building, Tulsa, Oklahoma 74102

Barnhart Drilling Co., P. 0. Box 2976, Casper, Wyoming 82601

Gulf 0il Company, P. 0. Box 2619, Casper, Wyoming 82602

Skaer, Art, Inc., 620 Patterson Building, Denver, Colorado 80202

Pam-Kar Drilling Co., Inc., 800 Vickers KSB&T Building, Wichita, Kansas 67202

EXHIBIT NO. 14

Quilf ©il Company =U, S,
EXPLORATION AND PRODUCTION DEPARTMENT

. CASPER AREA

L. M. Wilson
ARER PROCUCTION MANAGER

O. W. Sipie July 17 i

AREA £12LCRATION MANASER

Skelly 0il Company

1083 Lincoln Tower Building
1860 Lincoln Street

Denver, CO 80203

Attention: Mr. Franklin Wheeler

Dear Sir:

1972

P. O. Box 2619
Casper. Wyo. 82601

This is to acknowledge receipt of your salt water dis-
1972, for the C. F. Green Well
No. 2 in the Walker Dakota "J" Field, Logan County, Colorado.

posal application dated June 26,

) This is notification that Gulf 0il Co.
objection to your application to dispose of produced salt water
into the Pierre Shale formation of your C. F. Green Well No. 2.

CHG/mas

A DiVISION OF GULF OtL CORPORATION

Very truly yours,

az/mz/x/ww

L.

M. Wilson

- U.S. has no

EXHIBIT NO. 15

R

SHELL OlL COMPANY

. 1700 BROADWAY
DENVER, COLORADO 80202

0y

f September 18, 1972

Skelly 0il Company

1083 Lincoln Tower Building
1860 Lincoln Street

Denver, Colorado 80203

Attention: Mr. Franklin Wheeler
i Dear Sir:

This is to advise you that Shell 0il Company has no
objection to your application to dispose of produced salt water
. into the Pierre Shale Formation of your C. F. Green Well #2
as it might affect Shell's producing operations.

Very truly yours,

Ul

N. J. Isto
Production Manager
Rocky Mountain Division

EXHIBIT NO, 16





N THROUGH BRADENHEAD TO SURFACE

T 1% CASING-PRODUCTION CRSING AN vED

7

5249

T

PROPO3ED TO IGDTT DPRCODU oreel

JUN 26 1972

PATALNN e

13 3/4" HOLE

7

402' =—— 10 .3/4" 29% ARMCO SW i
CASING SET @ 402' KB !
W/300 SX CEMENT.. ’
‘CEMENT CIRCULATED TO
SURFACE.

9" HOLE

4126 - CEMENT TOP
4922 - PERFORATIONS 4922-4929
4929  PBID

7% 23# .J-55 SET @ 5010' KB
"W/250 SACKS CEMENT. |

EXHIBIT 4
SKELLY OIL COMPANY
ALASKA-RKY MTN DISTRICT

NN

7/ DOWNHOLE DISPOSAL SCHEMATIC

C. F. GREEN LEASE
NE/4 NE/4 Sec. 20, TN, R53W

TD 9" L
A" oLk Logan County, Colorado

June 23, 1972%





: i EXHIBIT NO. 5 “\ u‘\!@\\“\\

Wﬁ*j%& RE\./L_
HALLIBURTON JUN 26 1972

~— ___/ Al LN A W AN I

DIVISION LABORATORY
Box 2400 Casper, Wyoming 82601

October 24, 1971

BTN

Date
To__ Mre Bud Hurley ‘ Report No. 7t
Skelly 0il Company
Denver, Colorado g
Submitted By_Skelly 0il Company Date Received_October 19, 1971

Well No_Ce_Feo Green Lease N/2 NE 20-9N=53W

‘ Location__LOgan County, Colorado Formation_.__**
THIS REPORT IS THE PROPERTY OF HALLIBURTON
COMPANY AND NEITHER IT NCOR ANY PART THEREOF
Specific Grovit 1,001 NOR A COPY THEREOF IS TO BE PUBLISHED OR USED
Y BY ANY PERSON OR CONCERN WITHOUT FIRST SE-
CURING THE EXPRESS WRITTEN APPROVAL OF LAB-
pH 8.3 ORATORY MANAGEMENT.
IRON (Fe) iad MILLIGRAMS PER LITER
. Calcium (CA) 3 "
Magnesium (Mg) 2 1"
Chlorides (Cl) 1,223 "
Sulfates (SO%) 173 n
7
. Carbonates (CO) Ni1 "
Bicarbonates (HCO3) 3,028 [
1.55
Rw Ohms/m2/mat__'° °F
Remarks:
Sodium, calculated 2,007 mpl
Total dissolved solids, calculated 6,438 mpl
cc Mr. Jo B, Casey Respectfully submtted,
Mr. G. R. Sickendick
Mr. W. C. Maddox HALLIBURTON SERVICES

. By 7/}/ il / ,2 7(’:75(4//!- o
£k

NOTICF. This report is limited to the described sample tested. Any person using or relying on this report agrees that Halliburton
= shall not be liable for any loss or dumage whether duo to act or omission resuvlting from such report or its use.





OGCC Form 76

STATE OF coLorapo  RECEIVE

OIL AND GAS CONSERVATION COMMI
Department of Natural Resources

\\\\\\\\\“\\3\\\\1\\\\\\ TRz 6 1972

ERHIBIT NO. 6

APPLICATION FOR PERMIT TO USE'EARTHEN PIT

C Bl

.:?ECK ONE:
neweir[ ]

EXISTING PITB TREATMENT FACILITY D

12' Tleistozens 2nd recant sand,

OTHER

2. NAME OF OPERATOR

G7r Tl 011 Qompany
3. ADDRESS OF OPERATOR PHONE NO.

1757 Lincoln Strect, Denver, Colorado 2N203 287u3/40
4. LEASE NAME 5. PRODUCING FORMATION 6. GROUND ELEVATION

. T, Creen 2rd Dakota '3 £170° ¢n
7. LOCATION (Report location clearly to the nearest 10 acres) 8. COUNTY 8. STATE

N i b Sat. J0=-0=F3T Lozan Colornds
10. SIZEOFPIT: 1.¢ . 22d - 1757 101700 &' 3ra - 125" 1 115" 1 &'

LENGTH WIDTH . FT. . DEPTH FT.
11. CAPACITY 12. ESTIMATED INFLOW .
~hA 35N
3 BBLS. b BIS/DAY
13. DISPOSAL OF PIT CONTENT: ,
6 n
HAULED DISPOSAL WELL EVAPORATION __%% _"/D
4. MAXIMUM FLUID LEVEL ABOVE AVG. GROUND LEVEL -
2 FT.
15, DRAINAGE DISTANCE IN FEET TO CLOSEST FRESH WATER POND, STREAM OR LAKE
3200 FT.

16, SUBSOIL TYPE

oraval and elay snderlain by Crotaccous Pierve Shale.

17. TYPE OF SEALING MATERIAL (Including specifications and Method of Application)

Tore.

18. ADDITIONAL INFORMATION (By attachment include detailed

necessary maps, logs and other informa
Oil and Gas Conservation Commission.)

Retaining pits are free of surface accumula
hydrocarbon substances.,

plan of operation, chemical analysis of prodiuc'ed water,
tion as may be required by Rules 325 and 326 of the Rules and Regulations of the

tions of oil or other liquid

18. 1 HEREBY CERTIFY THAT THE FOREGOING IS TRUE AND CORRECT

SIGNED TITLE___ Dfet. Cow. Sunt, pATE __12-20-7]
THIS SPACE FOR COMMISSION USE
APPROVED BY TITLE DATE

R'HONS OF APPROVAL, IF ANY:





W receneo
EXHIBIT NO. 7 JUN2 s 1972

entn N
SALT WATER DISPOSAL APPLICATION
C. F. GREEN LEASE NO. 41660
N/2 NE/4 SECTION 20-9N-53W
LOGAN COUNTY, COLORADO

[RVITTAN

SURFACE OWNERSHIP within one-half mile of the subject lease:

1. Charles W. & Helen M. Erickson
Route 2
Sterling, Colorado 80751

S/2 Section 17

2. Green Land Co., Inc.
c/o Frank Green
Route 2
Sterling, Colorado 80751

A1l Section 20

)

)

)

)

)

)

)

3. State of Colorado )

Board of Land Commissioners )
1845 Sherman Street ) SW/4 Section 16

Room 201, Columbine Building )

Denver, Colorado 80203 )

)

)

)

)

)

)

)

4, L. F. & R. E. Ramey
c/o Wm. C. Ramey
901 Holden Lane
Sterling, Colorado 80751

NW/4 Section 21

5. Leslie & Grace Schroeder
Route 2
Sterling, Colorado 80751

N/2 SW/4 Section 21

LEASE OWNERSHIP:

Shell Qi1 Company, 1700 Broadway, Denver, Colorado 80202

Frank Walsh, P. 0. Box 30, Sterling, Colorado 80751

Signet-Occidental Pet. Corp., 902 Patterson Building, Denver, Colorado 80202
E. R. Bay, Mid-Continent Building, Tulsa, Oklahoma 74102

Barnhart Drilling Co., P. 0. Box 2976, Casper, Wyoming 82601

Gulf 0i1 Company, P. 0. Box 2619, Casper, Wyoming 82602

Skaer, Art, Inc., 620 Patterson Building, Denver, Colorado 80202

Pam-Kar Drilling Co., Inc., 800 Vickers KSB&T Building, Wichita, Kansas 67202




