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— —_ ~ ~-00 CO CO CO oo oo co co a) co 

C O ' X a J C O C O C O C O O D C O C O C O O O C O C O O O 
I I I I I I I I I I I I I I I 

V j i V n V j x V n v n V n V n V n V n V n V n V n V n V n V n 

o r J c o c o r a - f f l c o c o c o c o o o c o c x c x i o o 

I 

Vn 

CO 

ro \—> t—* t—' > - k h - k 1—» | k | k l - k l - k H - i i—k i - k 1—k 

vo Cv vO o o ro 1—' t-» h-» h-1 V O O v O O V O O O O v o vo O O O O O to 
Vn C. vo vO o Hp- HP* Vo v n Vn v o r o c o o - v i r o r o o -O vo t-k l-k v_j O Vn 1 k 

o o O o O o O o o o o V n O v c o v O Ovi-k Q V O vO Vn vO Vn VO O O o 
o o O o O o o o o o o VOVn ovo rovn-ovo JO OvvO O O O VO o 

ro t-A i—k 1—k l - k h_k (—k I " * t—^ ( _ k k_k l - k l - k t - k l - k l—k 1—k t ~ k l - k 

o Vn ro o o o o O CO vo Vn ^ ro i-k rv> ro ro i-k o 
o O Vn o o o o o o o o V n V n V n V n V n V n V n O Vn Vn Vn Vn Vn Vn Vn o 

Vn i 
Vn Vn Vn 

1 Vn 
1 

l - k h -k l - k h -k 1—k 

to ro ro ro ro 

Vn v n Vn Vn Vn v_n 
I I I I I I 

ro ro ro ro ro ro 

-fr .fr vn -f~ >• n np" Vn Vn Vn Vn Vn Vn Vn Vn Vn 
I I I I I I I I I I I I I I I 

r o r o M M f o r o r o r o r o r o r o r o r o r o r o 

vn 
i 

ro 

\—-" 

ro 

l - k 

-p-
vc 

l - k 

Ov 
1—k 

V n 

1501. 

h-k 

-p-
oo 
Ov 

h-k h-k h -k h-k 

- f r OV O V V r i 
h-k VO O v v O 
V n V n O v j 

h-k-

V n 
o 
V n 

h-k 

V n 
Ov 

V n 

o 
o 

o 
c 

O 
O 

o 
o 

o 
o 

O O O O 

o o o o 
o 
o 

o 
o 

vn 
o 

1—k 

o 
o 

h-k 

o 

H k 

O 
o 

h-k 

o 
o 

t - > h -k h -k h -k 

o o o o 
o o o c 

h-k 

o 
o 

h-k 

o 
o 

O hH C O V n C O V n O 

h-k h-k h - k h-k h-k h -k h-k h -k 

ro ro VO V n V o vo ro ro 
CO v o CO o -o vo -V3 o 
vo Vn - o vo V 0 vO -vi -vi 
o o o o o o o o 
o O o o o o o o 

• ^ a v o o o o c o o o 
vo vo o o o vo o o 

V n V n V O V n V O O V W V J V J J V J W U W W O 
O O O O O O O O O O O V n V n V n O 

Vn 
O 



MD - O Os 

IS 

T ) 

0) 
O H-

O 

1-3 
CD 

C5 
O 

O 
-d 
tS 

i-3 
O 
pd 

ca 
C+- O c+ O c+ O c+ O C+ O O c+- O c+ o <+ o <-+- O r»- o C-h O c+ O 
CD <-i CD 1 CD *-J CD 1 CD CD *~i CD 1 CD CD CD •-$" CD •S CD n CD 1 

cn cn 0) cn cn cn cn cn cn cn cn cn cn 
CD 0 CD CD CD CD CD CD CD CD CD CD CD 
0) 0) 0) cn 0) cn cn cn cn cn cn cn cn 
CT CT cr t r ur cr t r t r cr cr t r cr cr 
O O O O O o O o o o O o o 
CD CD CD CD CD CD CD CD CD CD CD CD 

VO VO vo ro ro ro ro ro i—-k h H h-k I — 1 

Ox t o o ON h -

•\— 
ro o CO ON v n -p- o 

<=j cj cr; CJ cu a c; 
C+ C+ C+ l-l" C+ C+ Ch 
CD CD CD CD CD CD CD 

1-n h-k- h-k h -k 

0 0 S ) Hp" hn MD ON -pr 

S 3 
O CD 

g "-J 
c+- c_i. 
CD O 
H- I 
3 cu 

c+-
i-3 CD 

H-
cr vo 
CD 

O p 

3 CJ 

i-3 CD 

CD 

[3 
CO 

ts 

CO co 
t S Si ts 
-P" •p-
co CO 
ts ts _ts 

-p -

CO co CO 
CD CD CD 
O o o 

h3 
vo 

ro 
-0} 

1-3 
vo 

a co 
2 JS 

CO 
CD 
O 

CO 
CD 
o 

CO 

ts 
-p-

53 

CO 
CD 
O 

-P-

CO 

ts 
-p-

co 
CD 
O 

CO 

ts 
-p-
co 
CD 
O 

CO 

ts 
~p-" 
CO 

CO 

ts 

-p-
co 
ts 

-p- -p-
co 
CD 
o 

CD 
O 

•P-

•P-
co 
CD 
O 

-P-

a 
ts 
-p-

co 
CD 
O 

CO 

ts 

CO 
£ ^ 

•p-

co 
CD 
O 

co a a co co a a ts 3, s; ts is S, s: 
-p- -p- -p- -p- -p- -p- -p-

a co 
ts t s 

CO 

-P- Hp" HP" -P- -P- Hp- Hp-

CO CO t o CO CO CO CO 
CD CD CD CD CD CD CD 
O O O O O O O 

V.) 
Hp-

ro 
oo ro ro 

co 
vo 
HP-

ro 
OD 

ro 
oo 

vo 
HP" 

vo 
vo 

vo 
-p- ONVn Vn Vn Vn Vn vn 

h-3 
VO 
h-k 

a 
t d 

h-3 
VO 
I—* 

a 
"pa 

i-3 
vo 

i-3 
VO 

h-3 
VO 

1-3 
VO 

1-3 
VO 

h3 
VO 
h-k 

a 
td 

h-3 
VO 
h-k 

a 
"td 

i-3 i-6 H h3 h ] 1-5 H H H 
VO VO U VO W V J W 
l - k h -k l - k I - 1 h -k h -k |—k h-k l - k 

2 2 2 2 2 2 2 3 2 

CO 

ts 

CO 
CD 
O 

ro 

t-3 
vo 
h-k 

a 

"to 

co 
ts 

HP" 

co 
ts 

co 
CD 
O 

ro 

h-3 
vo 

td po td pn tc td td td to td td td pd po po td po to po po po td 
h H 1—k l - k 1—k H-k I - H h-k h"k 1—k (—k | - k l ~ 1 I k L -k | _ k |—k >—k |—k I " * | _ k |—k H * 

2> S2> Q> 2> 2> 2> Q> °> ° N ON CK ON ON CDN CDN CK CDN ON ON ON O ON 

s: s: s; s; s: s; s: ^ s: s: s: s: s: s: s: s: s: s; 

tr 
o 
o 
> 
t-3 
M 
O 
2 

TJ 
> 
O 
tS 

vo 

NO MD NO MD MD CO 00 OO CO -OJ S) S l OO CO OO OD CO CO CO CO 
I I I I I I I I I I I I I I I I I I I I 

Vn^ VJ\ Vn^ V£v̂  V n V n V n v n V n V n V n V n V n vn Vn Vn vn Vn Vn Vn 

CO CO CO CO CO CO 00 CO 00 CO CO 00 CO C0C0C0C0O0O0O0 

CO oo CO 
1 1 H-

Vn Vn N 
—_ ~-— CD 
00 CO 

h-k h-k h-k h -k h -k h -k h - k h -k h -k h -k h - k h-k h -k h - * H * h - k h -k h -k h - k 
O h-k 

CO 
o o ro h-k h-k ro ro o vo VO o O O MD NO o o o O MD 

vo 
h-k 

CO -p- V n CO NO MD t o HJ. ro vo V n vo o o ON MD -p- i-k ro -p- -p-

o o o O o o O o o o o O o -p- -OJ MD ON h-k -Ol v n o o 
o o o o o o O o o o o O o vn vo vo -oj ON ro -oj o o 

h - » h-k h-k h -k h -k k -k h-k h -k h-k h -k h -k h -k h - 1 f - » h - k h -k h -k h-k h-k 

ro ro ro ro ro ( o ro ro ro ro -OJ -o j o O O O h-k- O h - k h H o o 
V n V n V n V n V n V n vn V n V n V n V n V n o O O O O O O V n o o 

CO 
CJ 

t J CD 
CD I S 

CD 
CD 
3 
CD 
3 

Vn 
l 

ro 

s i 
h-k 

ro 

vn 
i 

ro 

Vn 
i 

ro 

Vn 
I 

ro. 

Vn 
I 

ro 

Vn 
I 

ro 

Vn 
I 

ro 

Vn 
I 

ro 

vn 
h -k 

vn 

ro 

Vn 

ro 

Vn 
l 

ro ro 

h-k h-k h -k h -k h - k h - k h -k h -k h H l - H 1—k l - k 

HP" Hp- S l V n S J -p- S 3 O N V n -P- V n 
0 0 C0 S i h-k S l 0 0 0 0 ON ro V n O N h-k 

CO V n ro CD CO ro h-k o o V n S l OO 

o o o O o O o o o O O o 
o o o O o o o o o O o o 

h-k h-k h-k h -k h -k h -k h -k h H I - H 

o o o O O o o o V n V n V n o 
o o o o o o o o O O o o 

-P- -P- Hp" Hp" -p- Hp" -p -
I I I I I I I 

ro ro ro ro ro ro ro 

HP" -p- CO 
i H-

l - k h -k N TJ 
CD pd 

ro ro o 

I - H l - k h H h H (_k L-k 

V n V n V n O N V n - p - V n 
Hp- np- ro -p- -p- ON ro 

VO CO CO O hH MD 

h H 

-p-
MD 
CO 

1682, 

O O O O O S 3 CO 
O O O O O O N S i 

o 
o 

o 
o 

t - n i - H h - k i—k i - k i - k r o 

V o V o V o v n v o O N O 
V n V n O O v n O o 

l - k 

o 
o 

l - k 

o 
o 

ts 
a 
o 
t-3 

CD O 

ra 2 
cr o o 

o 

o 
o 

o 

I 
CD 
3 

M 
2 
Q 



VO 
v o 

vo 
ro ro 

S3 
ro 
ON 

ro 
v n 

ro 
-p-

ro ro 
o 

S
pl 

H
id CO inrj 

-a H-
r-> fD-. 

El 

T J CD PL CD a. T t TJ T J 
P 3 CD 3 CD p P P 
CO 3 CD, 3 Cfl 0) cn 
o 

or 

or o o o 

co tc 
H PL 
ro P̂-
rS CD 
a, 3 o 

t d 

3 
CD 
•-s 

T l 
p 
cn 
O 

o 
TJ 
tS 

S2 
O 
pd 

o ca o o tc 
p O fD O 03 O 
a >-t a <-i 5 <-t 
v ; cn v ; cn v* cn 
O CD O CD O CD 
3 cn 3 cn 3 cn 

3" cr 3-
CD CD CD 

VO 
h-k 

h-k o\ 

S
E

/ 

S
E

/ 

-p- -p- -p-

S
W

/ 

S
E

/ 

N
W

y 

-p- -p- Hp-

S
ec 

S
e

c 

S
e

c 

CD ca o ca CD ca fe S 

91 o o o R P 3 3 3 H < v; Cfl «<! CO v j cn O 03 
o CD o CD o CD C - h C _ j . 

3 Cfl 
Cr 

3 

ah 
oil 3 

sn c+- O 

S o o t3 o a. > CD CD CD t3 CD 

ro 

ts 

co 
CD 
O 

4P" 

3 
ts 
Hp-

co 
CD 
O 

•P-
3 

s: 

CO 
CD 
O 

3 
P 
<! 
P 

tS 
o 
CD 

3 
P 

C_i. 
O 

C+ 03 C+ P C+ 
' CD <! 

I p 
C J . 

o 

p 
C_i-
o 

CD 
I 

ro vo V n vo 

^S 
CO 
ts 

1? -p-

S
W

/ 

3 
JS 

CO co 
ts 

Hp- Hp" Hp- " H ? 

S
ec 

S
ec 

S
ec 

S
ec 

ro 

co 
ts 
HP" 

co 
CD 
O 

ca ca ca 
c+ c-t- c+ 
CD CD CD 

S3 vn ro 

CO CO 

ts ts 

HP" Hp" Hp" 

CO CO CO 
CD CD CD 
O O O 

ca ca ca ca ca ca 
<+ o c+ o c+ o 
CD <-i CD • i CD 

cn 0) Cfl 
CD CD CD 
cn cn cn 
cr cr cr 
o o o 
CD CD CD 

vo vo vo 
MD oo S 3 

co 
CD 
O 

Hp" 

3 
tS 

HP" Hp" 

co 
CD 
O 

co 
ts 

" H ? 

sS 
HP-

co 
CD 
O 

h-k ro vo VO ro vo vo ro ro ro 
Hp- VO o HP- vo VO ro ro S J -p- vo CO Hp" Hp" CO S 3 S 3 

h3 i-3 h-3 >~3 t-3 h3 >-3 h3 h3 1-3 h-3 1-3 h-3 i-3 i-3 t-3 h-3 
VO VO VO V o vo VO vo vo VO VO vo VO VO VO vo VO vo 
O O o o o O o o h-k h-k h-k h -k h -k h-k h -k h -k h-k 

3 3 S3 3 3 3 3 3 3 3 3 3 3 3 3 3 

ts ts pa to Pd Pd Pd Pd Pd Pd Pd Pd po pd Pd Pd Pd 
h H h-k h -k h-k hH- h-k h-k h -k h -k h-k h-k 1—k 1—k l - k h H h-k h-k 

O O N ON O N ON ON ON QN 2> Q> QN ON O N ON O N 2> 2> 
=s as as; as aS aS sS aS aS sS aS aS aS aS aS aS sS 

ts o o > 
t-3 

8 
3 

OO CO CO 

| 
CO 
1 

CO 

1 
Vn 

1 

vn 
Vn Vn vn 

CD OO CO 00 CO 

h-k h-k h-k 

O o ro S3 CO 
S3 S3 st NO MD 
• • • * • O o o o o 
o o o o o 

h-k h-k h-k 

o o ro S3 S3 
o o Vn o o 

CO 
I 

Vn 
CO 

o 
S3 
O 
O 

S3 
Vn 

NO MD CO CO 

| 
CO 

| 1 
Vn 

1 
Vn 

Vn Vn Vn 

CO 00 CO CO 00 

CO C0MD 
I t I 

Vn vn Vn 

CO CO CO 

MD 
1 

MD MD 

Si 

Vn Vn Vn 

ze 

00 CO CO 

h-k h-k l - k h -k h -k h -k I -H h k 

o o S 3 MD CO O hH o h-k 1—k l - k 

HP- Hp- h-k MD MD O O O V n MD S 3 

• • • • • • • • • • • o o V n o O o o o o o o 
o o O o o o o o o o o 

h-k h-k h H 1—k h - k t - H I - H l - k 

o o CO MD S 3 o o ro ro ro ro 
o o o o O O O v n V n V n V n 

CO 

a 

S 
O o 

.CD I S 
ri 
c-h p 

CD 

V n 1 
V n 
i 

vn 
i 

V n 

; 
yn 

i - k h H h-k h H h > 

t o ro ro ro ro 

l - k l - k h H l - k i - k 

ro ON ON vo S 3 
vn HP" MD ON t o 
o V n S 3 V n l - k 

• • • • • o o o o o 
o o o o o 

t - H 1-H h H 1—k 

o o o o NO 
o o o o o 

Vn 
I 

Vn 
I 

Vn 
l 

Vn 
I Vn Vn vn Vn S3 Vn 

l Vn Vn 
I 

ro ro ro ro ro ro ro ro • ro ro ro 

h H l - H l - k h-k h -k i - k l - H l - k h H i - k l - k h -k 

S 3 ON O N V n -P- VO S 3 -P-VO S 3 ON ON 
CO V n oo V n V n HP- Hp- o v o l - H h H l - H 

S 3 V n VO V n O N HP̂  NO ro -p- O N MD S l 

• • • • • • » • • • • • O o o o O o o o o o O o 
O o o o o o o o o O O o 

h H 1—k 1—k h-k 1—k |—k h-k l - k l - k 

V n o o ro ro CO r o o S 3 o O o 
O o o vn V n o vn o co o o o 

co 
N TJ 
CD g 

a 
ca 
CD 
»-3 

° H 
CD O 
ro 3 
c+ 
3- p 5 

O 
CD 
3 
CD 
3 
c+ 

CD 



-p-
ro vo 

MD 

vo co vo 
S3 

vo 
-p-

fcf 

o 
to 
I—I 
TJ 
t-3 
H 
O 

tS 
T i 

g 
O 

co 
ts 
-P" 

-f? 
CO 
CD 
O 

T> 
P 
Cfl 
o 

•p-

-p-

co 
CD 
o 

c? 
P 

P 
3 

CO s CO ts •s 
c+ O c+ CD 
(B 3 P >-i 
c+ cn c+- "i CD 
CD P CD O 

3 
= c+ era 

3 O t r 
cn — > 

ro O N 

CO 

ts 

CO 

ts 

CO 
CD 
o 

co ui 
T J H-
I - p . 
CD PL 
3 CD 
PL 3 
O 
•S 

03 O 
3 >S 

v j cn 
O CD 
3 cn 

3 " 
a O 

t S CD 

ro 

co 
ts 

ts 

CO 
CD 
O 

CO CO X ts > 
o ^ . H* X h1 
3- H PL TJ H" 
H- CD P- H N 
O 3 CD . O 

PL 3 3 
O O p 
>-i O 

Vn 

CO 

ts 

ts 
-p -

co 
CD 
a 

to TJ t d ts T l t d •s ts T l tx) 
o CD o CD o CD O CD O CD O 
I—1 PL H PL I - 1 PL PL h-> PL M 
p CD p CD p CD p CD p CD P 
o o >-s o 1 o 4 o <-i O 
iV iV P. pr sv P-pc 

l -n !—* 
ro o OO V n vo ro 

S i , 

•p-

IS 
-P-
co 
CD 
O 

co 
ts 

sS 
-p-

co 
CD 
O 

4P-

co 
ts 
-p-
CO 
CD 
O 

CO 

ts 

co 
CD 
o 

-p- -p-
co 
ts 
-p-

co 
CD 
o 

CO 

-p-

co 
CD 
o 

O £U 
pj O 
3 ^ 

VJ CO 
O CD 
3 cn 

3 " 
a O 

t S CD 

ro 

co 
ts 
-p-

-p-
co 
CD 
O 

TJ t d 
CD O 
PL M 
CD p 

2 
aS 

CO 

ts 
-p-

co 
CD 
o 

H H 

ro ro NO NO vo NO o vo -p- •p- VO NO NO 

H 1-3 1-3 t-3 i-3 i-3 H3 H 3 i-3 i-3 1-3 i-3 
VO vo vo vo vo VO VO VO vo VO VO VO VO 
o o o o o O O O o O O O O 

2 2 2 2 2 2 2 2 2 2 2 2 

to to to • to to t d t d to t d to to to to 
t - " l -n l - H l - H l - H l - H H H l - H l - H l - H H H 

ON ON ON O N O N ON 2> ON 

°> 2> ON 2> sS sS 5C *: aS aS aS aS aS aS aS aS 

o 
T) 
tS 

i-3 
O 
to 

co 
ts 

ts 
o 
o 
> 
i-3 
H 
O 
2 

O 
TJ 

C l 

> 
CO 

o 
TJ 

§ 
o 

o 
s 

[3 
ts 
Co 
i-3 

o 
ts 
ts 
o 
o 
2 
< 
tS 

i-3 
O 

H 
2 

cl 
i-3 
h-f 
O 

TJ 
S> o ts 
Vn 

O 
! 

VO 

00 

0 0 
I 

vn 
oo 

o 
I 
vo 

oo 
vn 
CO 

0 0 
I 

Vn 

00 

CO 

Vn 

CO 

00 
I 

Vn 

O0 

00 

Vn 

oo 

CO 
I 

Vn 

CO 

CO 
I 

Vn 

CO 

CO 

Vn 

CO 

CO 

Vn 

00 

0 0 
I 

Vn 

00 

l - H l - H l - H l - H 

ON -p- vn 00 o co co NO o NO CO co o OO N& 00 -p- ro CO •p- o S J o o S l o 
« • * • • • • • • • • • • o o o o o o o o o o o o o 
o o o o o o o o o o o o o 

•p-
l - H 

ro -p- S J 00 -oj S l S J 00 CO S J 00 S J 
o vn o Vn o o o o o o o o Vn 

CO 
H-
N 
CD 

CO 

<s 

t J o 
o 
c+ CO 
3- to

co 

o 
I 
s 
c-l-

Vn 
I 

ro 

Vn 
I 

ro 

Vn 
l - H 

ro 

Vn 
I 

ro 

Vn 
I 

ro 

Vn 
I 

ro 

Vn 
l 

ro 

vn 
i 

ro 

Vn 
1 

ro 

Vn 
I 

ro 

Vn 

ro 

Vn 
i 

ro 

vn 
i 

ro 

l - H l - H t - H H H l - H l - H l - H l - H l - H H H l - H l - H 

S J S l -p- -p- S I O N ON S J ro vo -p- -P- vo 
VO vo S J l - H -p- -P- o ro V n l - H VO l - H o 
•p- ON VO V n vo ro l - H Vn l - H -p- o ro o 
• • • • • • • • • • • • • o o o o o o o o o o o o o 
o o o o o o o o o o o o o 

l - H l-H t - H l - H l - H 

OD o o o ON S 3 S J S J S J S J S J o Vn 
O o o o o Vn Vn Vn vn Vn Vn o o 

CO 
H-
N TJ 
CD g 

o 
8 
i-3 

CD O 

ro s 

O 
CD 
3 

s 
c-i-

co 
M 
2 
O 



/ CKtMICAl ENGINIERINO GROUP 
/ WATIR ANALYSIS RffFOtT 

To. Ghu Kflrltaik (2), T. 0. Darls, 8. 0. **t, f i l l (3) Fl 8-61^6 

PROBLEM: Ufctar ojmlitjr rt«iy Hwioohoo Qallnp ffttarflood 

CONCLUSION, 8 M lott«r from H. 0. Sjrmra datod S«pt«b«r IB, 1961. 

RfĤ jncs: 

Begatl-M for 90* redwslng baot«ria afUr U day« 

Dote Collected: 8 - 2 5 - 6 1 * DareRec'd 8 - 2 6 - 6 1 Oote Rep'd 9-27-61 Lob. No. 16637 
Sower of Sample ANALYSIS 

CONST ITWCNTS Mg/U**r CONSTITUENTS M f / l * * * CONSTITUENTS 

1. M S t U i Aelei AWO * C«*'— 150 11. Sw*f«.t*. aw 
* J . p " *^^Q 7. Mag—tium TD- 12. Carbonate* 0 

uoto • 13. HtjS 

4. iu*. M°r. 14. hydroxide 0 
3. Sarfivai 

Pattern Cod* 

Approved by Tg, 7 . PachOT 

No r̂iTrTf̂ Ti'irinTin̂ rrprnnjffflnfminnnn " r.-.T 

1 0 0 i - I 
Co N^f+*if)WrK*|ti :H*fW^ 
10! 

Reported by J . p . fcQoRmld, J r . 
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/ C H E M I C A L E N G I N E E R I N G G R O U P 
W A T I R A N A L Y S I S REPORT 

T* Ghaa Koritaik (2), T. o/ DaTia, S. Q. Mot, Fi le (3} P I 8-61-87 

Dot* Collected: 8-25-61 Date Ree d 8-28-61 Date Rep'd Lob. No. 1663$ 
Source of SampU Ifewajo #2 Injection, Ho^itjeJ^ OjQj]jfg}srieldt San Juan Canity, l«v MeHoe 

COKSTrTUENTS M f / U t w CONSTITUENTS Mg/ l i t» r CONSTITUCNTS Mf/Ut%r 

1. TetoiSeMi «. C«kiw* 11. Swtfata* 

2. pM 7. MagneMw* 12. C W W M n 
3. Sp. Om. eo'r. 8. \rom 11. HtS 

aj jH, - — - • — 

4. tM. 61* f. 9. CWortdw 14. Hydroxld* ft 
4- Sod) I M I CeJa 7190 10. KcorfeonelM 230— 
Pattern Cod* 

INTERPRETATION 

PROBLEM: 
Water qutllty rtady Horseshoe Gallup Waterflood 

CONCLUSION: See letter fren R. G. Byara dated September 2% 1961 

REMARKS: 

Segative for 80^ redlining bacteria after 14 days 
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Na ji -TTinr.liT'priTiT.-TTYTnrm*nTrrr p 

100 

Ca 

10 

10 

Fe 

ijwnnR[;miarrmiTp|Ti''M!Tii. 
I 

lfK)ll«|Hit|fHl|«lfrt»}!T.-jrr«|»:'* 

Mg frHttilrj^iTtifrlt Wljil^ttl^tirflrH t t ^ ^ t r W rfttjl^^jt. 

Reports by J % teVOBMld, J r . 
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Proposed Rules and Regulations f o r The A t l a n t i c Ref in ing Company Horseshoe-
Gallup Unit Project - Page 2 

RULE k. The allowable assigned to any we l l which i s shut - in or which i s 
cu r t a i l ed i n accordance wi th the provisions of Rule 3, which allowable i s to be 
t ransfer red to any we l l or wel ls i n the orojeot area f o r production, sha l l i n no 
event be greater than i t s a b i l i t y to produce during the tes t prescribed by Rule 
6, below, or greater than the current top u n i t allowable f o r the pool during 
the month of t r ans fe r , whichever i s less. 

RULE 5. The allowable assigned to any i n j e c t i o n we l l on a he- acre 
prora t ion un i t sha l l be top un i t ailowah]e f o r the Horseshoe-Gallup o i l Pool. 

RULE 6. The allowable assigned to any wel l which i s shut- in or cur
t a i l e d i n accordance wi th Rule 3* shal l be determined by a 24-hour tes t at 
a s t ab i l i z ed rate of production, which shal l be the f i n a l 24-hour period of 
a 72-hour tes t throughout which the wel l should be produced i n the same manner 
and at a constant ra te . The d a i l y tolerance l i m i t a t i o n set f o r t h i n Commission 
Rule 502 I (a) and the l i m i t i n g ^as-oi l r a t i o (2,000 to l ) f o r the Horseshoe-
Gallup O i l Pool sha l l be waived during such tes ts , The pro jec t operator sha l l 
n o t i f y a l l operators o f f s e t t i n g the w e l l , as wel l as the Commission, of the 
exact time such tests are to be conducted, Tests may be witnessed by reore-
sentatives of the o f f s e t t i n g operators pnd the Commission, i f they so desire , 

RULE 7. The allowable assigned to each producing w e l l i n the Project 
sha l l be equal to the w e l l ' s a b i l i t y to produce or to top un i t allowable f o r 
the Horseshoe-Gallup O i l Pool, whichever i s less , provided that any oroducing 
wel l i n the p ro jec t area which d i r e c t l y or diagonally o f f s e t s a wel l outside 
the project area producing from the same common source of supply sha l l not 
produce i n excess of two times ton uni t allowable f o r the poo l : Each oroducing 
we l l shal l be subject to the l i m i t i n g gas-oi l r a t io (2.000 to l ) f o r the Horse
shoe-Gallup O i l Pool, except that any wel l or wells w i t h i n the projec t area 
producing w i t h a gas-o i l r a t i o i n excess of 2,000 cubic fee t of gas per bar re l 
of o i l may be produced on a "net" gas-oi l r a t i o basis, which net gas-oi l r a t i o 
sha l l be determined by applying c red i t f o r d a i l y average gas i n j e c t e d , i f any, 
i n t o the Horseshoe-Gallup O i l Pool w i t h i n the project area to such high gas-oi l 
r a t i o w e l l . The d a i l y adjusted o i l allowable f o r any wel l receiving gas i n 
j ec t ion c red i t sha l l be determined i n accordance wi th the f o l l o w i n g formula-

A , • = TUA x F x 2.000 
adj a 

P- - I 
J k „ _ „ £ 

Po 

where: 

the w e l l ' s d a i l y adjusted allowable 

top u n i t allowable f o r the pool 

the w e l l ' s acreage f a c t o r 

average d a i l y volume of gas produced by the we l l during 
the preceding month, cubi c fee t 

the w e l l ' s al located share of the d a i l y average gas i n 
jected during the preceding month, cubic f ee t 

average d a i l y -plume of o i l produced by the wel l during 
the preceding month, barrels 

a d j 

TUA = 



Proposed Rules and Regulations f o r The A t l a n t i c Ref in ing Company Horseshoe-
Gallup Unit Project - Page 2 

RULE 4. The allowable assigned to any w e l l which i s shut - in or which i s 
cu r t a i l ed i n accordance wi th the provisions of Rule 3, which allowable i s to be 
t ransfer red to any we l l or wel ls i n the p ro jec t area f o r production, sha l l i n no 
event be greater than i t s a b i l i t y to produce during the tes t prescribed by Rule 
6, below, or greater than the current top u n i t allowable f o r the pool during 
the month of t r ans fe r , whichever i s l ess . 

RULE 5« The allowable assigned to any i n j e c t i o n wel l on a 4r .acre 
prorat ion un i t sha l l be top un i t allowable f o r the Horseshoe-Gallup O i l Pool. 

RULE 6. The allowable assigned to any wel l which i s shut- in or cur
t a i l e d i n accordance wi th Rule 3» shal l be aetermined by a 24-hour tes t at 
a s t a b i l i z e d rate of production, which sha l l be the f i n a l 24-hour period of 
a 72-hour tes t throughout which the wel l should be produced i n the same manner 
and at a constant ra te . The da i l y tolerance l i m i t a t i o n set f o r t h i n Commission 
Rule 502 I (a) and the l i m i t i n g Pas-oil r a t i o (2,000 to l ) f o r the Horseshoe-
Gallup O i l Pool sha l l be waived during such tes t s . The pro jec t operator shal l 
n o t i f y a l l operators o f f s e t t i n g the w e l l , as wel l as the Commission, of the 
exact time such tests are to be conducted. Tests may be witnessed by repre
sentatives of the o f f s e t t i n g operators and the Commission, i f they so desire , 

RULE 7. The allowable assigned to each producing w e l l i n the Project 
sha l l be equal to the w e l l ' s a b i l i t y to produce or to top un i t allowable f o r 
the Horseshoe-Gallup O i l Pool, whichever i s less , provided that any producing 
we l l i n the p ro jec t area which d i r e c t l y or diagonally o f f s e t s a we l l outside 
the projec t area producing from the same common source o f supply shal l not 
produce i n excess of two times top un i t allowable f o r the pool .. Each producing 
w e l l sha l l be subject to the l i m i t i n g gas-oi l r a t i o (2,000 to l ) f o r the Horse
shoe-Gallup O i l Pool, except that any wel l or wells w i t h i n the projec t area 
producing w i t h a gas-o i l r a t i o i n excess of 2,000 cubic fee t of gas per bar re l 
of o i l may be produced on a "net" gas-oi l r a t i o basis, which net gas-oi l r a t i o 
sha l l be determined by applying credi t f o r d a i l y average gas i n j e c t e d , i f any, 
i n t o the Horseshoe-Gallup O i l Pool w i t h i n the project area to such high gas-oi l 
r a t i o w e l l . The d a i l y adjusted o i l allowable f o r any wTell receiving gas i n 
j e c t i on c red i t sha l l be determined i n accordance wi th the f o l l o w i n g formula: 

= TUA x F x 2,000 
a 

where: 

A adj the w e l l ' s d a i l y adjusted allowable 

TUA top u n i t allowable f o r the pool 

the w e l l ' s acreage f ac to r 

P g average d a i l y volume of gas produced by the well during 
the preceding month, cubic feet 

I the w e l l ' s al located share of the d a i l y average gas i n 
jected during the preceding month, cubic f ee t g 

average d a i l y "plume of o i l produced by the well during 
the preceding month, barrels 



Proposed Rules and Regulations f o r The A t l a n t i c Refining Company Horseshoe-
Gallup Unit Project - Page 3 

In no event sha l l the amount of i n j ec t ed gas being credited to a wel l 
be such as to cause the net gas-oi l r a t i o , P_ - I „ , to be less than 2,000 

cubic fee t o f gas per ba r r e l of o i l produced. 

RULE 8. Credit f o r d a i l y average net water i n j ec t ed in to the Horseshoe-
Gallup O i l Pool through any i n j e c t i o n w e l l located w i t h i n the project area may 
be converted to i t s gas equivalent and applied to any w e l l producing wi th a 
gas-oi l r a t i o i n excess o f two thousand cubic fee t of gas per barrel of o i l . 
Total c red i t f o r net water i n j e c t e d i n the project area sha l l be the gas equiva
l e n t volume o f the d a i l y average net water i n j ec t ed during a one-month per iod. 
The d a i l y average gas equivalent of net water i n j ec t ed sha l l be computed i n 
accordance w i t h the f o l l o w i n g formula: 

Eg = <VW m j - V w p r o d ) x 5.61 x P a x 520° x 1 

15.025 ~ ~T 

where: 

E = average d a i l y gas equivalent of net water i n j e c t e d , cubic fee t 

V w j n j = average d a i l y volume of water i n j e c t e d , barrels 

V w p r o d = average d a i l y volume of water produced, barrels 

5.61 = cubic f o o t equivalent of one bar re l of water 

P = average reservoir pressure at mid-point of the pay-zones of 
Horseshoe-Gallup O i l Pool i n project area, psig + 12.01, as 
determined from most recent survey 

15.025 = pressure base, psi 

520° = temperature base of 60°F expressed as absolute temperature 

T = reservoir temperature of 87°F expressed as absolute temper
ature (54?°R) 

Z = compressibi l i ty f a c t o r from analysis of Horseshoe-Gallup gas 
at average reservoir pressure, P a , in te rpola ted from compres
s i b i l i t y tabula t ion below: 

Reservoir Reservoir Reservoir 
Pressure z. Pressure Z Pressure Z 

50 .9725 300 .8325 550 .656O 
100 .9^5 350 .8030 600 .6135 
150 .9215 400 .7710 650 
200 .8885 450 .7220 700 .5220 
250 .8600 500 .6900 750 .4630 

800 .3935 

RULE 9» Each month the p ro jec t operator s h a l l , w i t h i n three days a f t e r 
the normal u n i t allowable f o r Northwest New Mexico has been established, submit 
to the Commission a Pressure Maintenance Project Operator's Report, on a form 
prescribed by the Commission, o u t l i n i n g thereon the data required, and requesting 
allowables f o r each of the several wel ls i n the Project as wel l as the t o t a l 
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Project allowable. The aforesaid Pressure Maintenance Project Operator's Re
port shall be f i l e d i n l i e u of Form C-120 f o r the Project. 

RULE 10. ^he Commission s h a l l , upon review of the report and a f t e r any 
adjustments deemed necessary, calculate the allowable f o r each well i n the Pro
ject f o r the next succeeding month i n accordance with these rules. The sum of 
the allowables so calculated s h a l l be assigned to the Project and may be produced 
from the wells i n the Project i n any proportion except that no well i n the Pro
je c t which d i r e c t l y or diagonally offsets a well outside the Project producing 
from the same common source of supply sh a l l produce i n excess of two times top 
un i t allowable f o r the Pool. 

RULE 11. •'•he conversion of producing wells to injection, the drilling 
of additional wells for injection, and expansion of the project area shall be 
accomplished only after approval of the same by the Secretary-Director of the 
Commission. To obtain such approval the Project operator shall file proper 
application with the Commission, which application, if it seeks authorization 
to convert additional wells to injection or to drill additional injection wells 
shall include the followingt 

(1) A p l a t showing the location of proposed i n j e c t i o n w e l l , a l l wells 
w i t h i n the project area, and o f f s e t operators, l o c a t i n g wells which o f f s e t the 
project area. 

(2) A schematic drawing of the proposed i n j e c t i o n well which f u l l y des
cribes the casing, tubing, perforated i n t e r v a l , and depth showing that the i n 
j e c t i o n of gas or water w i l l be confined to the Gallup formation. 

(3) A l e t t e r s t a t i n g that a l l o f f s e t operators w i t h i n a one mile radius 
to a proposed i n j e c t i o n well have been furnished a complete copy of the applica
t i o n and the date of n o t i f i c a t i o n . 

The Secretary-Director may approve the proposed i n j e c t i o n w e l l , i f within 
20 days a f t e r receiving the application, no objection to the proposal i s received. 
The Secretary-Director may grant immediate approval, provided waivers of object
ion are received from a l l o f f s e t operators. 

Expansion of the project area may be approved by the Secretary-Director 
of the Commission administratively when good cause i s shown therefore 


