
STRATIFICATION OF OIL PRODUCING ZONES 
OF THE NIOBRARA MEMBER OF THE MANCOS FORMATION 

IN THE PUERTO CHIQUITO POOLS 
OF RIO ARRIBA COUNTY, NEW MEXICO 

Benson-Montin-Greer D r i l l i n g Corp. has d r i l l e d and/or operated 89 
wells in the East and West Puerto Chiquito pools. A large number of the wells 
d r i l l e d early i n the l i f e of the pools were d r i l l e d through the pay zones with 
cable tools or with rotary tools using a i r , natural gas or nitrogen for the 
circulat ing f l u i d . Wells d r i l l e d i n th i s fashion permit the determination of 
f l u i d entry into the wellbore as i t is encountered. 

In no instance where natural production was encountered was i t found 
to increase gradually with depth below the top of the A zone (as would be the 
case i f a long section of the reservoir was productive throughout): rather 
production increased abruptly upon penetrating one of the stratigraphic 
intervals as indicated on the type log on the facing page. I n West Puerto 
Chiquito i n the A zone typ ica l ly free gas would be encountered with o i l ; 
sometimes th is occurred i n the B zone. Where the C zone produced natural , i t 
t yp ica l ly contained o i l with only dissolved gas - no free gas. 

I n West Puerto Chiquito then, considerable evidence was collected 
showing s t r a t i f i c a t i o n . On the contrary, i n Gavilan, i n nearly a l l wells , 
operators have d r i l l e d through a l l the pay zones with mud before running casing 
and testing. Typically a l l zones are fraced: either separately or with one 
f rac treatment before production test ing commences. Most of the treatments are 
at f a i r l y high rates; and as a consequence i t i s to be expected that the A, B 
•and C zones w i l l be " t ied together" with the f rac treatment behind the pipe such 
that i t i s v i r t u a l l y impossible to accurately assess the s t r a t i f i c a t i o n issue of 
these zones i n the Gavilan wells . 

Since the ver t ica l fractures induced by the f racture treatments can 
t i e the zones together away f ran the wellbore and flow of o i l and gas to the 
wellbore through these fractures w i l l be at a low pressure d i f f e r e n t i a l , then i t 
is to be expected that a high degree of segregation of gas and o i l w i l l occur in, 
these ver t ica l fractures as the o i l and gas move to the wellbore. As a 
consecjuence of the above, o i l frcm an upper zone can enter the wellbore through 
psrforations low i n the wellbore and gas frcm a lower zone can enter the 
wellbore i n higher perforations. 

The basal zones of the Niobrara are far enough removed and that part 
of the f rac treatment entering these zones i s low enough that typ ica l ly i t is to 
be expected that these zones w i l l be separated frcm the upper main pay zones. 
Here, with properly undertaken test ing, production logging can have seme value 
i n interpreting s t r a t i f i c a t i o n of these zones as compared to the main zones. 

The overriding matter with respect to the s t r a t i f i c a t i o n issue i s 
whether the o i l can f l o v ve r t i ca l ly by gravity throughout the reservoir or 
whether i t must fol low the stratigraphic dip of the zones - not whether the 
zones are t ied together with an occasional f a u l t or through fractures induced i n 
stimulation treatments. 



IDENTIFICATION OF MAIN PRODUCING ZONES 

NORTHEAST PUERTO CHIQUITO 

AND 

SOUTHWEST PUERTO CHIQUITO 

BENSON-MONTIN-GREER DRLG. CORP. 
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C î CT* CTi CTi CA CTt CTi 

CJ 
U 

00 >•< 
H 
M 
CO 
2 
P J 
o 

o 
o 

I-J 

3 s 

Q ^ 

PH m 

O O O O O O 
CM CM CNI CM 1— r— 

—1 —< —J —1 CM CM r-i r-i 
r- r— r— r- 1— I— 1— r-

r-i r i r-i r-i OJ r-i r-i co cc 03 
r—r— r—i— r—i— r— CT. CT cr\ 

55 
O 
M 
H O W 

o o > 
D J H 
Q H 

2 
• J K D 
M H U 
O 

Q 
J H 

o 
H r J 
O b 
H 
b caw 
o z 

0 

EM! EM? EM! EM; EN? E-S EM! 
o O F I n to to 00 
o o cn m -H -M 

EM; 
co 

EM> 

V. 
EM; 
-3-

V 

EM; EM; EM; EM; BM> EM> EM> 
m O r— O m O O 
CO vO —« 

B-S 
-3- -K 
—< * •K 

EM; EM; 
—1 O 

B-S 
o 

EM! 

BM: EM! BM: BM! iM! E-S 
O O O O O O 

6-s E-S B-S EM: EM: 
O O O O O 

O 

3 
O 
PH 
P£ 
PJ 
PH 

OKI-TOIO-J 
r— r— CTt O O —1 
H H H M M N 

r— r— r—. r— r— r— 

O i O N » > i i D O i n 
c n m - a - o - m v o c o c T i 
C N C N C N C N C N C N C N C N 
r— r— r—r— r— r— r-r— 

O l O N C O - j O ^ O N C O - J N O O 
l O v O N N O O f f i O l O O ' H I N r -

r— r— r— 1— r— r— r— r— r— r— 1— r— 



Z 
O 
l - l 
H 
< 
H 
W 
P3 
CM 
CtJ 
W 
H 
Z 

1% 
W 
H 

EM: 

EM; 

O EM; 

EM; E-5 E-S E-S BM: EM: s-e 
in m m m in m o 
CA CA CA CTi CA CA o 

SM! EM: EM; EM; EM; EM: EM; 
m m m m m m o 

B-S EM; SM: EM; EM; EM; BM; 
O O O O O O O 

ro 
O 

PH 
W 
H 

m 
vO 

o 

u 
OJ 
0) 
SH 

J J 
C 

o 

c 
o 
tn 
c 
0) 

I 

o 
z 

rH 
CO 
z w 
o 
Q 
rH 

r J 
fe 

U 

CD 

1:8 
in 
Z PH 

_ s 
O OH 
r-l 

r J O 

fe ro 

Z 
O 
t-H 
H O W 
u o > 
D r J H 
O H 
0 , J < < 
04 U J 

H H U 

o 
n 

<̂  S 
H r l 
O f e 
H 
fe CQW 
o z 

o 

z o 
rH 
H 

O 
fe 
PH-
w 
PH 

3 
o 
o 
o 

OJ 
DO 
CO 

PH 

Z 
o 
CN 

co co co co co co 
CA CA CA CA CA CA 

ro 

o 

BM: EM; BM: EM* BM! EM; 
O O O O O O * 

EM> BM: EM: EM; B-S EM; EM» 
o o o o o o o 

OO i C vO 00 - r O l 
CO OA O vO r—• rv. 
iO sO rv f- rv rv 
r» i— r-- r-. r- rv 

JH 

o E 
rfl o 

u 
OJ •+H 

cu CO 
JZ c H •H 

E 
o 

« o 
r H 

tn 
> i H 
u 
0) JJ 

XJ -tH 

c •H (0 
Oi 

tn JH 
•H rt 

o 
J J •H 

*D 

e C 
•H 

*H 
QJ 

" t o C 
•TH. C 

i H 
V) O-

w _o co 
ob • H 

J J QJ 
>+H O JC 

o 3 H 
•o 
o 

C VJ • & . T3 
O QJ 

a r H C 
co t H i H • O e — rH u O 

r H 0) QJ oo 
rt J J CN 

s J-i QJ rv 
(0 "O 

MH *o 
rt o H J a O ca to B-« c 
c -» <r 

•H t - H tn i n 
cfl CN 

CO r -

e r H 
QJ n j J 

cn J J o rt 
*H CO - H 

E •U CM 
01 • H rt tH 
C X n QJ 
o O o sx 
N t H 

o. u 0J 
cn cx QJ J = 

•H < OH J J 
JZ 
E l * 
•sc 

QJ 

to 
o 
rt 

CO 

u 
QJ 

PH 

o 
rH 
GJ 

SQ 

CO 

< 

vT 

r J 
HH 
O 



tn •—t 
(TJ - H 

cn O 

S O 

o 
to 

TJ U 
C CU 

"3 -y 

8 
•-, y 
VJ J O 

5 . 

j j > i 

S3 
• H ro 
C O 

3 3 
£ 

8 SJ 
g 8 

• H CJl 

"rj TJ 

8 S o 3 

VO T5 

•H 
J J 

u 
Vj Q) 
CL, > 

8 

O 

00 

u 
r-i cn 

to 
CD 
J J 
ro 
cn 
cu 

I* 8 
cn 

5b 

tc cu to 

T5 JJ 10 
C M -r-l 
ro JC 

J J 
cu • 
VJ cu x : 
CD Vj J J 

^ 5 
• H T J «. 

VM 

S P * 
> £ -y 
d) K rrj 

c § S 

g ^ 4 J 

"•2 2 -
cu . 

" j j j = I 

w
 VJ « >~1 

•ri ,2 o 
g 0) ^ vw 
e 5 o j j 
e JJ JC 
R v _ J J 

" a g e 
j * j j ft 0 
HJ ^ r-

7, to co 
% I cn 

J C 
CD 

- , J J « 

% a 3 to 
> 0) ro 

o § cp. £ 
S M J= -r» 
VO ^ j j VJ 

CU ' d rJ 

8 s 
u'S0 >• 

CU J J 
J J j j V I r j 
fO ro O 53 

<u-g v^^ 
S c? 

T5 C > 
r—I 0 

CU - H tO i H 



rr 
o 
m 

LLJ 

>-

< 
or 
LxJ 
l— 
< 

= < 

o 
< CO 
UJ < 

or CD 
o 
I -

co 
ZD 

c 
< 
c 

\ 

c 
0 
I 
0 

1 1 

J 

3U0B TI3M 

I | 

£ o 
o > 

CO 
QJ 

D
e
n

 

ZD 1 
CO 1 N H -

CO TJ OJ , „ O 
CU c o CO 

o 
CO 1 

o e>1 CD . 

U_ < 
CO 
< 

3aoa "113M 

^ 5 



in 
iz 
< 
x 
o 
LxJ 
: > 

o :z 
L> 
: D 

Q o cr 

f 1 I J 
o 

c 

1 t 
J -1 
>' o 

cr 
o 

4) 
< CL 

. _ Q> 

CC = S <= 

P = rr l~ 

" i» 
<n w a O 
D P g O 
CD 
» o jf 
" o <u r-

~ c CO CO r- _ 

0) 

> 
XJ 'w 

•"S3 

= °<8 

£ Jj w 

- tz 

l -° -
N o-r 

O. C 
— X O 
O UJ CJ) 



CO 

< 
X 
o 
LU 

LU 
> 
rr o 

co 
< Q 
O LU 

LiJ 

or 
ZD 

X i— 

=5 cr 
H- LL. 

CO 
CO 
LU 

z: 
o 
X 
r-

> 
< 
CL 

5 LU O 
p S Q 
LT LU 
I J - 1 

O CL LU 

r— 2 

LU O 
Z Q 
O r 
CL 

O L L | 

o o 
< EE 

< 

- I >-

o o 
LU 

or 
£ 
LU 
X 
r— 

< 
or 
o 

r- 0- > 

> 
< 
LT 
O 

! 

1 

1 
I 

1 

r? © I ^ 
2 -o 

> > o *-w a> 
O SP a> 
_ (Z 
v> _ </> £ 
tu 
c 

— 
O a) 

a GO 

c 
S 
o 
Q 

CC 

>» 
o a. 

°5 
"5. O 

e 
o 
LU .O 

4, 



C2 

EH 

r/1 

3 
ii 
si 

o 

u 
M 

s 
PH 

s
ta

n
c
e
 

) 
*
 

•H -
Q o 

4-» 
ro 

C CN 
CU 

r H O 
•rH Q J CO 

s J. ' i T J r H 
>H • H Oj 

cu ?s s 
a 

?s s 
a — — 4-> 3 CU 

<u s cu • H 5 
C P X! 4-> C P 

<2 cu C S CQ 
• H 

e
d

 

10 
LO 

cu 0 
SH c 
a Co * 

j \ 
CO —~ 

T3 

ra VO 
CU -P oo 
sc C r - l 

T J 
PH CO 

3 1 r H 
r - l T J - H 
rx, • H 0) rx, 

!g S 
r- t 

!g S 
• H g c o 3 cu 

C 4-1 
•rH CU 

CO 
CO cu c ^ 

-V 4-1 

o a» 
•rH 0) 

P-I ^ 

> i 

OH 

cu CU CU CU 
r H r H r H r H 
• H • i - l •rH 

e s e 
> > > > 
cu cu 
cu <U cu cu <4-l UH UH UH 

O O O O 
CN O O O 

r H CN o 
r H 

CU 

4J 

UH 

CO 
CN 

CU fJJ CD 
i H r H r H 

m
i 

m
i 

> > 
cu CU cu 
cu cu CD 

UH UH UH 

o o o 
0 0 o 

r H CN CN 
r H 

a o 
o o 

s 

•rH 

o 

a 
to 
<D 
tt 
rd 
o 
CN 
ro 
UH 
to 

t 
I 



RATES OF PRESSURE DECLINE: 
PARALLEL ZONES OF OIL AND GAS 

In the foregoing examples, i t was noted that the pressure 
in the gas zone would drop faster than i n the o i l zone. On the 
following pages are elementary calculations evidencing this . 
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VIRGIN RESERVOIR PRESSURE 
MANGOS FORMATION POOLS 

EAST SIDE OF THE SAN JUAN BASIN 

Although there are areas of tight zones that laterally 
isolate some pools from others so that no communication is 
perceptible during the time man produces these pcols, there 
is nevertheless sufficient permeability in the fractured 
Mancos that, over geologic time, the pressure of the pools 
in the eastern San Juan Basin have been equalized. 

In the same fashion that the pressure of a highly 
permeable water sand reflects the hydrostatic force as 
measured by the vertical distance from i t s outcrop on the 
surface, so do the pressures of the main producing zone of 
the Niobrara reflect the " o i l static" pressure differential 
frcm the elevation of i t s outcrop (less 800' to 900' of 
apparent "barren" formation). 

Continental Divide + 8500' 

Reservoir pressure + .33 p s i / f t x 5600 
= + 1850# 
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SKETCH SHOWING VARIABLE PRESSURES IN 

VERTICAL PIPES WHICH ARE EQUALIZED AT TOP 

Regulator 
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SKETCH SHOWING PRESSURES 
IN 

GAS CAP OIL 8 GAS ZONE 
WEST PUERTO CHIQUITO MANCOS POOL 

1982 TIME PERIOD _ 
(First well in Gavilan dri l led) 

Surface 
Pressure 
Al l Zones 
1100# to 1200# 
(+1150#) 

DA TUM_/1600• +1350# 
( a l l zones! 

Sec. 18, T - 2 5 N , R-IE 

(COU Injection Well) 

Pressure at 1600' datum 

Pressure of 12301 o i l (& gas) 
colurm 

Plus Production A? 

DATUM ^370' 

+1350# 

+350# 

+100# 

+1S00# 

C 
Zone 

+1350# 

+200#-300# 

+ 100# 

+1650#-1750# 

bmposite Pressure 
All Zones 
+1750#-1800# 

Sec. 26 , T-25N , R-2W 

( First Well In Gavilan) 

Z- 87 cs 



SKETCH SHOWING PRESSURES 
IN 

GAS CAP OIL a GAS ZONE 
WEST PUERTO CHIQUITO MANCOS POOL 

TIME PERIOD VIRGIN CONDITIONS 
Surface 
Pressure 
A l l Zones 
+1300# 

V 

DATUM / I 6 0 0 ' +1500# 

( a l l zones) 

Sec. 18, T - 2 5 N , R-IE 

(COU Injection Well) 

Pressure at 1600' datum 

Pressure of 1230' oil colurm 

Plus ProductionAP 

DATUM 7*370' 

A & B 
Zones 

±1500# 

j400# 

0 

+1900# 

C 

Zone 

+1500# 

4400# 

0 

+1900# 

Sec. 26 , T-25N , R-2W 

( First Well In Gavilan) 

2-87 cs 



SKETCH SHOWING PRESSURES 
IN 

GAS CAP OIL a GAS ZONE 
WEST PUERTO CHIQUITO MANCOS POOL 

Fal l , 1986 
TIME PERIOD Surface 

Pressure 
A l l Zones 
1100# to 1200# 
(+1150#) 

V 

DATUM / I 6 0 0 ' +1350# 

Sac. 18, T - 2 5 N , R-IE 

(COU Injection Wall) 

Pressure at 1600' datum 

Pressure of 1230' oil (& gas) colurm 

Less Production AF* 

DATUM 7*370' 

A b. 3 
Zones 

+1350# 

+300# 

(+250#) 

C 

Zone 

+1350# 

+150#-200# 

(+100#) 
+1400# +1400#-1450# 
k ^ 

Conposite Pressure 
All Zones 
+1400#-1450# 

Sec. 26 , T-25N , R-2W 

( First Well In Gavilan) 
* Pressure d i f fe ren t ia l reversed from that of previous sketches 

(Gavilan withdrawals now 10,000 to 20,000 reservoir bbls/day) 
(Canada Ojitos Lnit net withdrawals zero to 1000 reservoir bbls/day) 

2-87 cs 
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MALLON AREA: EVIDENCE OF COMMUNICATION 

In both formal hearings and informal meetings of the Oi l 
Conservation Division, both Mallon and Koch have emphasized their 
"exploratory" efforts and the discovering of "new reserves" in the 
Gavilan area and the consequent importance of these efforts to the 
State of New Mexico. 

However, analysis of the commmication data of the Mallon 
area reveals something else: namely, Mallon's f i r s t wells were 
dri l led in a part ial ly depleted reservoir discovered sane 25 years 
earlier. 

Mallon's f i r s t well was hardly more than a direct offset 
to the 13th expansion of the Canada Ojitos Unit participating area -
an expansion approved before Mallon started d r i l l i n g this well; and 
for which expansion area the Canada Ojitos Unit owners had earlier 
approved a seven mill ion dollar development program. (See plat on 
facing page.) 


