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BEFORE THE 

OIL CONSERVATION DIVISION 

ENERGY, MINERALS & NATURAL RESOURCES DEPARTMENT 

IN THE MATTER OF THE APPLICATION 
OF ROBERT L. BAYLESS FOR DESIGNATION CASE NO. / 02 Q> / 
OF TIGHT FORMATION, RIO ARRIBA *" 
COUNTY, NEW MEXICO. 

APPLICATION 

Comes Now ROBERT L. BAYLESS, by and through h i s undersigned 

attorneys, and as provided i n the O i l Conservation Division's 

Special Rules and Procedures f o r Tight Formation Designations 

under Section 107 of the Natural Gas Policy Act of 1978 

promulgated by O i l Conservation D i v i s i o n Order No. R-6388 on 

June 30, 1980, hereby makes a p p l i c a t i o n f o r an order designating 

c e r t a i n portions of the Pictured C l i f f s formation as a t i g h t 

formation under Section 107 of the Natural Gas Policy Act of 

1978 and i n support of i t s a p p l i c a t i o n would show the D i v i s i o n : 

1. Applicant i s the owner and operator of c e r t a i n i n t e r e s t s 

i n the Pictured C l i f f s formation underlying the f o l l o w i n g 

described lands s i t u a t e d i n Rio Arriba County, New 

Mexico: 

Township 29 North, Range 2 West, N • M. P . M. - A l l 

Township 29 North, Range 3 West, N .M. P . M. - A l l 

Township 29 North, Range 4 West, N .M. P • M. - A l l 

Township 30 North, Range 2 West, N • M. P .M. - A l l 



Township 3 0 North, Range 3 West, N.M.P.M. - A l l 

Sections 1 through 2: A l l 
Sections 11 through 14 : A l l 
Sections 23 through 26: A l l 
Sections 35 through 36: A l l 

Township 31 North, Range 2 West, N.M.P.M. 
Sections 2 through 36: A l l 

Township 31 North, Range 3 West, N.M.P.M. - A l l 

Township 32 North, Range 2 West, N.M.P.M. 
Sections 7 through 10: A l l 
Sections 15 through 22: A l l 
Sections 27 through 35: A l l 

Township 32 North, Range 3 West, N.M.P.M. - A l l 

Containing a t o t a l of 193,090 acres, more or less 

2. The Pictured C l i f f s formation i s expected t o have an 

estimated average i n s i t u gas permeability throughout 

the pay section of less than 0.1 m i l l i d a r c y per f o o t . 

3. The average depth of the top of the Pictured C l i f f s 

formation i s 3715 fe e t and the s t a b i l i z e d production 

r a t e , against atmospheric pressure, of wells completed 

f o r production i n said formation, without s t i m u l a t i o n , 

i s not expected t o exceed 105 mcf of gas per day. 

4. No w e l l d r i l l e d i n t o the Pictured C l i f f s formation 

i n the above-described area i s expected t o produce, 

without s t i m u l a t i o n , more than f i v e b a r r e l s of crude 

o i l per day. 

5. A complete set of Exhi b i t s which applicant proposes 

t o o f f e r or introduce at the hearing on t h i s a p p l i c a t i o n , 
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together w i t h a statement of the meaning and purpose 

of each e x h i b i t , w i l l be f i l e d w i t h the D i v i s i o n and 

the Minerals Management Service at leas t f i f t e e n (15) 

days p r i o r t o the hearing date as required by the O i l 

Conservation Division's Special Rules and Procedures 

f o r Tight Sand Formation Designation under Section 

107 of the Natural Gas Policy Act of 1978. 

WHEREFORE, Applicant prays t h a t t h i s a p p l i c a t i o n be set 

fo r hearing before a duly appointed examiner of the O i l 

Conservation D i v i s i o n on March 21, 1991 and t h a t a f t e r notice 

and hearing as required by law, the D i v i s i o n enter i t s order 

recommending to the Federal Energy Regulatory Commission t h a t 

pursuant t o 18 CFR, Section 271.701-705, t h a t the Pictured C l i f f s 

formation underlying the above-described land be designated 

a t i g h t formation, and making such other and f u r t h e r provisions 

as may be proper i n the premises. 

Respectfully submitted, 

TANSEY, ROSEBROUGH, GERDING 
& STROTHER, P.C. 

By 
TOMMY ROBERTS 
Attorneys f o r Applicant 
P.O. Box 1020 
Farmington, New Mexico 87 4 01 
(505) 325-1801 
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Case No. 10264 March 21, 1991 

Prepared by: 

KEVIN H. McCORD, P.E. 



APPLICATION OF ROBERT L. BAYLESS 

FOR DESIGNATION OF THE CABRESTO AREA OF THE 

PICTURED CLIFFS FORMATION AS A TIGHT FORMATION, 

RIO ARRIBA COUNTY, NEW MEXICO 

Robert L. Bayless i s a p p l y i n g f o r p o r t i o n s of the East Blanco, 

Choza Mesa, and Gobemador P i c t u r e d C l i f f s gas pools to be 

designated as a t i g h t f o r m a t i o n under Section 107 of the N a t u r a l 

Gas P o l i c y Act of 1978. The proposed Cabresto T i g h t Gas Area i s 

lo c a t e d i n the n o r t h e a s t e r n p o r t i o n of the San Juan Basin. The 

area i s l o c a t e d i n Rio A r r i b a County, a p p r o x i m a t e l y 45 m i l e s 

n o r t h e a s t of the town of B l o o m f i e l d i n no r t h w e s t e r n New Mexico. 

E x h i b i t No. 1 d i s p l a y s the proposed Cabresto T i g h t Gas Area 

on the map showing the P i c t u r e d C l i f f s f o r m a t i o n w e l l s i n the San 

Juan Basin. The Cabresto T i g h t Gas Area i n c l u d e s approximately 

193,090 acres described as f o l l o w s : 

T29N_R2W 

A l l Sections 

T29N_R3W 

A l l Sections 

T29N_R4W 

A l l Sections 

T30N_R2W 

A l l Sections 

T30N_R3W 

A l l Sections 

T30N_R4W 

Sections 1-2; 11-14; 23-26; 35-36 

T3 1_N_R2W 

Sections 2-36 

T3j.N_R3W 

A l l Sections 

T32N_R2W 

Sections 7-10; 15-22; 27-35 

T32N_R3W 

A l l Sections _j_5_L3_3_0 acres 

193,090 acres 

23,040 acres 

22,210 acres 

23,040 acres 

23,040 acres 

22,260 acres 

7,680 acres 

22,400 acres 

22,210 acres 

11,880 acres 



The P i c t u r e d C l i f f s f o r m a t i o n i n the Cabresto Area meets the 

c r i t e r i a e s t a b l i s h e d i n Section 107 of the N a t u r a l Gas P o l i c y Act 

of 1978 to be designated as a t i g h t gas f o r m a t i o n i n t h a t (1) the 

estimated average i n s i t u gas p e r m e a b i l i t y throughout the pay 

s e c t i o n i n expected to be 0.10 m i l l i d a r c y or l e s s , (2) the 

s t a b i l i z e d gas p r o d u c t i o n r a t e s , w i t h o u t s t i m u l a t i o n , at 

atmospheric pressure of these gas w e l l s are not expected to 

exceed the maximum a l l o w a b l e p r o d u c t i o n r a t e of 105 MCFD f o r an 

average depth of 3715 f e e t to the top of the P i c t u r e d C l i f f s 

f o r m a t i o n i n t h i s area, and (3) no w e l l d r i l l e d i n t o the 

P i c t u r e d C l i f f s f o r m a t i o n i n t h i s area i s expected to produce 

more than f i v e b a r r e l s of crude o i l per day p r i o r to s t i m u l a t i o n . 

E x h i b i t No. 2 i s a P i c t u r e d C l i f f s f o r m a t i o n completion and 

p r o d u c t i o n map of the proposed Cabresto T i g h t Gas Area. Shown on 

t h i s map are a l l the w e l l s t h a t p e n e t r a t e d the P i c t u r e d C l i f f s 

f o r m a t i o n i n t h i s area. The p r o d u c t i o n f i g u r e s presented f o r each 

producing w e l l are date of i n i t i a l p o t e n t i a l , i n i t i a l gas p o t e n t i a l 

i n MCF per day, the c u r r e n t p r o d u c t i o n c a p a b i l i t y of the P i c t u r e d 

C l i f f s w e l l i n MCF per day, and cumulative p r o d u c t i o n f o r the w e l l 

i n MCF as of November 1, 1990. I f the P i c t u r e d C l i f f s w e l l 

produced any o i l or condensate, t h i s p r o d u c t i o n data i s presented 

a l s o . E x h i b i t No. 2 also presents completion and p r o d u c t i o n data 

from some P i c t u r e d C l i f f s w e l l s s u r r o u n d i n g the proposed t i g h t gas 

ar ea . 

The average depth to the top of the P i c t u r e d C l i f f s f o r m a t i o n 

i n the Cabresto T i g h t Gas Area i s 3715 f e e t . A l i s t of w e l l name, 

oper a t o r and p r o d u c t i o n data f o r P i c t u r e d C l i f f s w e l l s w i t h i n the 

Cabresto T i g h t Gas Area i s presented as E x h i b i t No. 3. The Cabresto 

T i g h t Gas Area c o n t a i n s 124 w e l l s which have p e n e t r a t e d and 

evaluated the P i c t u r e d C l i f f s f o r m a t i o n . At t h i s time 53 w e l l s are 

capable of p r o d u c t i o n producing from the P i c t u r e d C l i f f s f o r m a t i o n . 

GEOLOGY 

The P i c t u r e d C l i f f s Sandstone i s a marine, c l a y f i l l e d , f i n e 

grained sandstone. This sandstone was deposited as a beach and as 

nearshore bars g e n e r a l l y a l i g n e d northwest - southeast w i t h a 
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source g e n e r a l l y to the southwest. These de p o s i t s r e p r e s e n t the 

l a s t marine s t r a t a i n the n o r t h e a s t e r l y r e g r e s s i o n of the 

Cretaceous sea. There are two main zones w i t h i n the P i c t u r e d 

C l i f f s Sandstone. Each zone rep r e s e n t s a r e g r e s s i v e sequence 

separated by a marine tongue of Lewis Shale which re p r e s e n t s a 

t r a n s g r e s s i o n . P r o d u c t i o n of gas i n the Cabresto T i g h t Gas Area i s 

from s t r a t i g r a p h i c entrapment. 

Sample examination i n d i c a t e s t h a t the P i c t u r e d C l i f f s 

f o r m a t i o n i n t h i s area c o n s i s t s of very f i n e to f i n e g r a i n e d , 

f a i r l y w e l l s o r t e d , subrounded to subangular, s l i g h t l y c a l careous, 

s a l t and pepper sandstone. The dark g r a i n s are predominately 

g l a u c o n i t e , mica, and carbonaceous shale. I n t e r b e d s of the Lewis 

Shale are present i n the lower p a r t of each main zone, but become 

fewer and t h i n n e r upward. Microscopic examination of the P i c t u r e d 

C l i f f s f o r m a t i o n r e v e a l s t h a t the sandstone g r a i n s are coated w i t h 

mixed l a y e r i l l i t e - s m e c t i t e a u t h i g e n i c c l a y . These c l a y c o a t i n g s 

are pervasive throughout the v e r t i c a l e x t e n t of the P i c t u r e d 

C l i f f s . The c l a y c o a t i n g s of the sandstone g r a i n s reduce the 

e f f e c t i v e p e r m e a b i l i t y of the P i c t u r e d C l i f f s sand i n t h i s area. 

E x h i b i t No. 4 i s a type l o g of the P i c t u r e d C l i f f s 

f o r m a t i o n i n the Cabresto T i g h t Gas Area. This w e l l i s the 

Robert L. Bayless J i c a r i l l a 464 No. 4 l o c a t e d i n the NWSE of 

Section 31, T30N-R3W, Rio A r r i b a County, New Mexico. This type 

l o g i s r e p r e s e n t a t i v e of p o t e n t i a l pay i n both the upper and lower 

zones of the P i c t u r e d C l i f f s f o r m a t i o n . The lower zone of the 

P i c t u r e d C l i f f s i s b l a n k e t - l i k e i n the southwest p o r t i o n of the 

Cabresto T i g h t Gas Area but t h i n s and pinches out a few m i l e s 

n o r t h e a s t of the J i c a r i l l a 464 No. 4 w e l l . I n c o n t r a s t , the upper 

zone of the P i c t u r e d C l i f f s i s much more l e n t i c u l a r i n n a t u r e . 

E x h i b i t No. 5 i s a cross s e c t i o n A-A' i l l u s t r a t i n g P i c t u r e d 

C l i f f s sandstone development across the Cabresto T i g h t Gas Area. 

The datum f o r t h i s cross s e c t i o n i s the top of the P i c t u r e d C l i f f s 

f o r m a t i o n . The cross s e c t i o n shows t h a t the P i c t u r e d C l i f f s 

Sandstone i s a continuous l i t h o l o g i c u n i t throughout the Cabresto 

T i g h t Gas Area. 



STABILIZED_UNSTIMU 

Ob t a i n i n g s t a b i l i z e d u n s t i m u l a t e d gas p r o d u c t i o n r a t e s f o r 

P i c t u r e d C l i f f s w e l l s i s not a standard procedure used by oper a t o r s 

when completing t h e i r w e l l s i n the San Juan Basin. Past experience 

has shown t h a t these low p e r m e a b i l i t y P i c t u r e d C l i f f s w e l l s must be 

s t i m u l a t e d to o b t a i n commercial p r o d u c t i o n . However, i n 

p r e p a r a t i o n f o r t h i s Cabresto T i g h t Gas Study, Robert L. Bayless 

performed a n a t u r a l gas p r o d u c t i o n t e s t on a w e l l before i t was 

f r a c t u r e s t i m u l a t e d . E x h i b i t No. 6 presents the data f o r t h i s 

p r o d u c t i o n t e s t taken on the Robert L. Bayless J i c a r i l l a 31-3-32 #1 

w e l l l o c a t e d i n the NWSW of Sect i o n 32, T30N-R3W, Rio A r r i b a 

County, New Mexico. The average u n s t i m u l a t e d n a t u r a l gas 

p r o d u c t i o n r a t e f o r t h i s w e l l i s 22.0 MCF of gas per day. This 

r a t e i s considered r e p r e s e n t a t i v e f o r the Cabresto T i g h t Gas Area 

and i s w e l l below the 105 MCFGPD a l l o t t e d f o r t i g h t f o r m a t i o n gas 

w e l l s having an average depth of 3715 f e e t . 

I t should be noted t h a t t h i s p r o d u c t i o n t e s t was taken a f t e r 

s t i m u l a t i o n of the f o r m a t i o n w i t h a c i d . Acid was used to in s u r e 

t h a t the p e r f o r a t i o n s i n t h i s w e l l were open. T h e r e f o r e , t r u e 

u n s t i m u l a t e d n a t u r a l gas p r o d u c t i o n , w i t h i n i t s s t r i c t d e f i n i t i o n , 

would be less than t h i s r e p o r t e d gas f l o w r a t e . 

Not a l l of the n a t u r a l p r o d u c t i o n t e s t s taken from t h i s area 

were used to c a l c u l a t e the r e p r e s e n t a t i v e u n s t i m u l a t e d n a t u r a l 

p r o d u c t i o n r a t e f o r the Cabresto T i g h t Gas Area. John E. Schalk 

conducted n a t u r a l p r o d u c t i o n t e s t s on the Schalk 29-4 #6 and the 

Schalk 29-4 #10 w e l l s i n 1981 and 1982, r e s p e c t f u l l y . These w e l l s 

are l o c a t e d i n the SWSW of Section 25 and the SWSW of Section 23 of 

T29N-R4W, Rio A r r i b a County, New Mexico. Although both of these 

w e l l s made some gas n a t u r a l l y , i t was such a small amount t h a t i t 

was too small to measure. Rather than average i n these two "zero 

v a l u e s " the value of 22.0 MCF of gas per day from the Bayless 

w e l l was used as the most r e p r e s e n t a t i v e n a t u r a l u n s t i m u l a t e d 

p r o d u c t i o n r a t e f o r the Cabresto T i g h t Gas Area. 



STABILIZED_UNSTIMU 

The n a t u r a l gas produced from the P i c t u r e d C l i f f s f o r m a t i o n 

i n the Cabresto T i g h t Gas Area i s v i r t u a l l y dry gas. There has 

been very l i t t l e o i l or condensate r e p o r t e d f o r the w e l l s t h a t have 

produced i n the area. Some of these w e l l s w i l l have small amounts 

of o i l or condensate p r o d u c t i o n w i t h the gas, but s i g n i f i c a n t o i l 

p r o d u c t i o n i s not common. Examination of the p r o d u c t i o n data 

s u p p l i e d i n E x h i b i t #3 support these statements. These dry gas 

p r o d u c t i o n f i g u r e s i n d i c a t e a w e l l d r i l l e d i n the P i c t u r e d C l i f f s 

f o r m a t i o n i n the Cabresto T i g h t Gas Area i s not expected to 

produce, w i t h o u t s t i m u l a t i o n , more than 5 b a r r e l s of crude o i l per 

day . 

PERMEABILITY 

The P i c t u r e d C l i f f s f o r m a t i o n i n the San Juan Basin i s 

dependent on s t i m u l a t i o n techniques to be commercially p r o d u c t i v e 

due to the low p e r m e a b i l i t y of the r e s e r v o i r rock. E x h i b i t Nos. 7 

through 10 present core a n a l y s i s data used to determine the average 

l a b o r a t o r y p e r m e a b i l i t y to a i r f o r the P i c t u r e d C l i f f s f o r m a t i o n 

i n the Cabresto T i g h t Gas Area. The e x h i b i t s c o n t a i n the a c t u a l 

core a n a l y s i s r e p o r t s plus s e l e c t i v e a n a l y s i s of the cores taken 

from only the p r o d u c t i v e p o r t i o n of the P i c t u r e d C l i f f s f o r m a t i o n 

f o r each w e l l . The cored i n t e r v a l s chosen f o r p e r m e a b i l i t y 

averaging were determined by examination of the i n d i v i d u a l core 

a n a l y s i s r e p o r t s f o r each w e l l . Only cored i n t e r v a l s of sand which 

had g r e a t e r than 10% p o r o s i t y from the core a n a l y s i s were used f o r 

p e r m e a b i l i t y averaging. The average p e r m e a b i l i t y value determined 

f o r each w e l l i n E x h i b i t Nos. 7 through 10 are average l a b o r a t o r y 

determined p e r m e a b i l i t y v a l u e s . The a c t u a l i n s i t u p e r m e a b i l i t y of 

the f o r m a t i o n i s l e s s than t h i s l a b o r a t o r y determined value due to 

water s a t u r a t i o n and net c o n f i n i n g pressures found i n the P i c t u r e d 

C l i f f s r e s e r v o i r . 

E x h i b i t 11 i s a summary of a l l l a b o r a t o r y core a n a l y s i s 

r e s u l t s f o r the Cabresto T i g h t Gas Area. The average l a b o r a t o r y 

p e r m e a b i l i t y to a i r obtained f o r the Cabresto T i g h t Gas Area from 

the f o u r w e l l s shown i s 0.66 m i l l i d a r c y . 



E x h i b i t No. 12 presents a t e c h n i c a l paper e n t i t l e d " E f f e c t of 

Overburden Pressure and Water S a t u r a t i o n on Gas P e r m e a b i l i t y of 

T i g h t Sandstone Cores" w r i t t e n by Thomas and Ward of the U.S. 

Bureau of Mines. This paper presents r e l a t i o n s h i p s between 

l a b o r a t o r y determined p e r m e a b i l i t y i n cores and a c t u a l i n s i t u 

p e r m e a b i l i t y found i n r e s e r v o i r s . E x h i b i t No. 13 e x p l a i n s how i n 

s i t u p e r m e a b i l i t y i s c a l c u l a t e d from the core a n a l y s i s using the 

t e c h n i c a l paper presented. 

An average i n s i t u p e r m e a b i l i t y value of 0.035 m i l l i d a r c y was 

c a l c u l a t e d from the average l a b o r a t o r y p e r m e a b i l i t y value of 0.66 

m i l l i d a r c y f o r the Cabresto T i g h t Gas Area. This 0.035 m i l l i d a r c y 

p e r m e a b i l i t y value c a l c u l a t e d from core data i s w e l l below the 0.10 

m i l l i d a r c y c u t o f f f o r t i g h t gas r e s e r v o i r s . 

Another method of d e t e r m i n i n g r e s e r v o i r p e r m e a b i l i t y was 

performed as a check, making use of the r e p r e s e n t a t i v e u n s t i m u l a t e d 

n a t u r a l p r o d u c t i o n t e s t taken i n the area. The average 

u n s t i m u l a t e d gas f l o w r a t e of 20.0 MCF of gas per day, along 

w i t h other P i c t u r e d C l i f f s r e s e r v o i r data f o r the Cabresto T i g h t 

Gas Area was used to c a l c u l a t e a r e s e r v o i r p e r m e a b i l i t y using 

Darcy's Law. This Darcy's Law c a l c u l a t i o n i s presented as E x h i b i t 

No. 14. The use of Darcy's law c a l c u l a t e s an average r e s e r v o i r 

p e r m e a b i l i t y value of 0.017 m i l l i d a r c y f o r the Cabresto T i g h t 

Gas Area. This p e r m e a b i l i t y value compares to the 0.035 m i l l i d a r c y 

p e r m e a b i l i t y value determined by core a n a l y s i s methods. These two 

methods produce f a i r l y s i m i l a r p e r m e a b i l i t y values both of which 

are w e l l below the 0.10 m i l l i d a r c y t i g h t gas l i m i t a t i o n . 

From examination of the two sources of p e r m e a b i l i t y data, the 

r e s e r v o i r p e r m e a b i l i t y value of 0.035 m i l l i d a r c y determined by 

core a n a l y s i s methods i s thought to be the best estimate of 

r e s e r v o i r p e r m e a b i l i t y f o r the Cabresto T i g h t Gas Area because i t 

uses a c t u a l core data from the P i c t u r e d C l i f f s f o r m a t i o n . 

T h e r e f o r e , the estimated average i s s i t u gas p e r m e a b i l i t y 

throughout the P i c t u r e d C l i f f s f o r m a t i o n pay s e c t i o n i s expected to 

be 0.10 m i l l i d a r c y or less i n the Cabresto T i g h t Gas Area. 
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IRESH_WATER_PROTECTION 

E x i s t i n g State and Federal r e g u l a t i o n s w i l l assure t h a t 

development of the P i c t u r e d C l i f f s f o r m a t i o n w i l l not adversely 

a f f e c t or imp a i r any f r e s h water a c q u i f e r s t h a t are being used or 

are expected to be used i n the f u t u r e f o r domestic or a g r i c u l t u r a l 

water s u p p l i e s . Regulations r e q u i r e t h a t casing programs be 

designed to seal o f f p o t e n t i a l water b e a r i n g f o r m a t i o n s from o i l 

and gas producing f o r m a t i o n s . These f r e s h water zones e x i s t from 

the surface of the ground to the base of the Ojo Alamo Formation. 

Most P i c t u r e d C l i f f s w e l l s d r i l l e d i n the Cabresto T i g h t Gas 

Area are d r i l l e d w i t h n a t u r a l mud t h a t w i l l not contaminate f r e s h 

water zones. A normal casing design c o n s i s t s of 8 5/8" O.D. 

surface casing being set from the surface to a depth of 150 to 250 

f e e t . The p r o d u c t i o n casing n o r m a l l y used i s 4 1/2 or 5 1/2" O.D. 

and i s set from surface to t o t a l depth. The surface casing i s 

cemented i n place by c i r c u l a t i n g cement to the s u r f a c e , p r o t e c t i n g 

the near surface f o r m a t i o n s from downhole c o n t a m i n a t i o n . The 

p r o d u c t i o n casing i s cemented from t o t a l depth to the surface or to 

a depth s u f f i c i e n t to cover the Ojo Alamo f o r m a t i o n i n the ol d e r 

w e l l s . The newer w e l l s are r e q u i r e d to c i r c u l a t e cement to the 

su r f a c e . This process p r o t e c t s the P i c t u r e d C l i f f s and other 

hydrocarbon b e a r i n g f o r m a t i o n s from c o n t a m i n a t i n g any f r e s h water 

a c q u i f e r s . T h e r e f o r e , p r o d u c t i v e and f r e s h water zones are 

p r o t e c t e d by both casing and cement. 

S t i m u l a t i o n of the P i c t u r e d C l i f f s f o r m a t i o n i n v o l v e s v a r i e d 

f r a c t u r e t r e a t m e n t s , depending on the o p e r a t o r . F r a c t u r e 

treatments u s u a l l y c o n s i s t of a one or two percent potassium 

c h l o r i d e water base f l u i d w i t h sand, or a n i t r o g e n - w a t e r foam base 

f l u i d and sand. E i t h e r treatment w i l l not harm a f r e s h water 

a c q u i f e r . Fresh water p r o t e c t i o n i s assured d u r i n g these f r a c t u r e 

s t i m u l a t i o n treatments due to zone i s o l a t i o n caused by cementation. 

A d i s t a n c e of w e l l over 500 f e e t between the P i c t u r e d C l i f f s 

f o r m a t i o n and the c l o s e s t f r e s h water a c q u i f e r i n a w e l l b o r e i s 

a d d i t i o n a l insurance t h a t an e x i s t i n g f r e s h water zone w i l l not be 

contaminated by s t i m u l a t i o n of P i c t u r e d C l i f f s w e l l s i n t h i s area. 



T h e r e f o r e , New Mexico and Federal r e g u l a t i o n s w i l l p r o t e c t 

f r e s h water a q u i f e r s from the d r i l l i n g , c o m p l e t i n g , and producing 

the P i c t u r e d C l i f f s f o r m a t i o n i n the Cabresto T i g h t Gas Area. 

CONCLUSION 

Evidence presented i n t h i s r e p o r t s u b s t a n t i a t e s the f o l l o w i n g 

f o r the Cabresto T i g n t Gas Area pi^posed by Robert L. Bayless: 

(1) For an average P i c t u r e d C l i f f s w e l l depth of 3715 f e e t , 

the s t a b i l i z e d p r o d u c t i o n r a t e at atmospheric pressure of 

w e l l s completed i n the P i c t u r e d C l i f f s f o r m a t i o n , w i t h o u t 

s t i m u l a t i o n , i s not expected to exceed the maximum a l l o w a b l e 

r a t e of 105 MCF of gas per day. 

(2) No w e l l d r i l l e d i n t o the P i c t u r e d C l i f f s f o r m a t i o n i n the 

Cabresto Area i s expected to produce, w i t h o u t s t i m u l a t i o n , 

more than f i v e b a r r e l s of crude o i l per day. 

(3) The estimated average i n s i t u gas p e r m e a b i l i t y , 

throughout the P i c t u r e d C l i f f s pay s e c t i o n , i s expected to be 

0.10 m i l l i d a r c y or l e s s . 

The proposed Cabresto T i g h t Gas Area meets a l l the s p e c i f i c a t i o n s 

r e q u i r e d as s t a t e d above and should be Jesignated a t i g h t f o r m a t i o n 

i n the P i c t u r e d C l i f f s f o r m a t i o n under Se c t i o n 107 of the N a t u r a l 

Gas P o l i c y Act of 1978. 
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CABRESTO TIGHT 60S AREA 

LIST OF EXHIBITS 

Exhibit 
Number 

1. 

Exhibit 
Name 

Pictured C l i f f s 
Reservoir Map 

Exhibit 
Purpose 

Show location of Cabresto Tight Gas 
Area with respect to San Juan Basin 
Pictured C l i f f s Wells 

2. 

3. 

Pictured C l i f f s 
Formation Conpletion 
and Production Map 

Cabresto Tight Gas 
Area Wells 

Cabresto Tight Gas 
Area Type Log 
Robert L. Bayless 
J i c a r i l l a 4&4 #4 
NWSE Sec 31 T30N R3W 

Show Pictured C l i f f s formation well 
a c t i v i t y and production figures in 
and around the t i g h t formation area 

List Pictured C l i f f s formation well 
production figures in and around the 
tig h t formation area 

Show log characteristics of the 
Pictured C l i f f s formation in the 
ti g h t formation area 

Cross Section A-A' 

Unstimulated Natural 
Production Test 
Robert L. Bayless 
J i c a r i l l a 31-3-32 #1 
NWSW Sec 32 T31N R3W 

Show that the Pictured C l i f f s 
formation is present throughout the 
ti g h t formation area 

Show the results of the unstimulated 
natural production test taken on thi s 
wel 1 

7. Core Analysis Data 
Robert L. Bayless 
Conoco 29-4 #7 
SWNW Sec 20 T29N R4W 

Show the selective analysis data and 
the actual core analysis data from 
th i s well 

B. Core Analysis Data 
John E. Schalk 
Schalk 29-4 #6 
SWSW Sec 25 T29N R4W 

Show the selective analysis data and 
the actual core analysis data from 
th i s well 

Core Analysis Data 
Robert L. Bayless 
J i c a r i l l a 459 #5 
SESE Sec 19 T30N R3W 

Show the selective analysis data and 
the actual core analysis data from 
th i s well 

10. Core Analysis Data 
El Paso Natural Gas 
Gasbuggy #1 
NESW Sec 36 T29N R4W 

Show the selective analysis data and 
the actual core analysis data from 
t h i s well 

11. 

12. 

Core Analysis Summary 

Technical Paper 
"Effect of Overburden 
Pressure and Water 
Saturation on Gas 
Permeability of Tight 
Sandstone Cores" 

Show the summary of the core analysis 
data used to determine the average 
laboratory core per i e a b i l i t y for the 
tig h t formation area 

Show the relationship between 
laboratory and in s i t u permeability 

13. 

14. 

Determination of In 
Situ Permeability 

Darcy's Law 
Permeabi1ity 
Calculat ion 

Show the method of determining 
in s i t u permeability from laboratory 
core analysis 

Show the determination 
of permeability from an unstimulated 
gas production test using Darcy's Law 



CABRESTO TIGHT SftS AREA - EXHIBIT 13 

LIST OF WELLS WITHIN THE TI6HT GAS AREA THAT HAVE PENETRATED THE PICTURED CLIFFS FORMATION 

CURRENT CURRENT 
PC PC GAS PRC !D OIL PROD 11/1/91 11/1/91 DEPTH TO 

CURRENT SPUD COMP IP 1 CAPABILITY CAPABILITY CUM CUM TOP OF 
WELL LOCATION OPERATOR STATUS DATE DATE (MCFD) MCFD BOPD GAS PROD OIL PROD FIELD P.C. 

JIC H--9 11 T29N R2W SEC 9 H SE NE UNION OIL OF CALIF DM 6/86 8/87 8 3686 
JIC t':;-3 T29N R2W SEC 17 M SW su SMITH DRILLING Dift 6/56- 5/57 8 3594 
JIC I!rl T29N R2W SEC 19 N SE SW SKITH DRILLING D&A 12/55 3/56 882 3498 

JIC 4'51 11 T29N R3U SEC 4 K NE SW ROBERT L. BAYLESS PROD FRT 1/84 3782 
JIC 4!il 13 T29N R3K SEC 4 D ROBERT L. BAYLESS Dift 11/83 3782 
JIC 4i2 #4 T29N R3W SEC 5D NW NW ROBERT L. BAYLESS PROD PC 11/68 1/69 1386 21 8.8 21,734 8 E BLANCO PC 3747 
JIC 4i£ il-Y T29N R3W SEC 6 P SE SE ROBERT L. BAYLESS PROD FRT 6/86 3744 
INDIAN D-l T29N R3U SEC 21 M SWSW PHILLIPS PETROLEUM Dtft 5/53 7/68 8 3525 
JIC 4i4 A-1 T29N R3K SEC 24 L NW SW AMOCO PRODUCTION Pift 1986 11/B3 3665 
LA JfiRfi 11 T29N R3W SEC 25 M SW SW JEROKE P. NCHU6H Pift 1966 11/71 3515 
INDIAN A f1 T29N R3W SEC 29 fi NE NE NORTHWEST PIPELINE PW 1962 11/52 3688 
INDIAN ft 12 T29N R3W SEC 29 L NKSK NORTHWEST PIPELIIC PROD PC 8/77 7/68 48 375C 
INDIAN ft I i T29N R3W SEC 38 N SE SW NORTHWEST PIPELIfC PROD PC 11/56 11/56 7984 59 8.8 876,842 17 CHOZA MESft 3646 
BURKE fl T29N R3W SEC 31 F SE NW JEROME P. MCHU6H Pifi 1979 11/76 1/77 758 928 48 CHOZft MESA 3713 
INDIPN E 11 T29N R3W SEC 31 B NW NE PHILLIPS PETROLEUM Ptfi 1985 4/54 5/54 8 357,932 8 CHGZft HESfi 3688 
mm s i i T29N R3W SEC 33 D Hii Ha NORTHWEST PIPELINE Dtft 6/55 7/55 8 361E 
INDlHi E 12 T29N R3W SEC 34 K NE SW NORTHWEST PIPELINE DtA 18/55 3684 

TRUJILLO FED 11 T29N R4W SEC I H SENE SOUTHLAND ROYALTY Dtft 1/84 3615 

BURN; RANCH m T29N R4U SEC £ H SE NE SOUTHLAND ROYALTY PROD FRT 5/98 3729 
COKDĈ) 29-4 #9 T29NR4WSEC 2 0 SWSE CONOCO OIL CO Dtft 4/78 3654 
SJ 2V4 UNIT 19 T29N R4W SEC 3D NW NW NORTHWEST PIPELINE Dtfl 9/55 4215 
SJ 2=i-4 UNIT 121 T29NR4WSEC 5K NE SW MERIDIAN OIL PROD PC/MV 9/77 7/76 1332 19,656 8 E BLANCO PC 4288 
SJ £V4 UNIT 111 T29NR4WSEC 6P SE SE NORTHWEST PIPELINE Dtft 8/56 9/56- 8 4283 
RONEKO FED 11 T29N R4W SEC 6D AMOCO PRODUCTION PROD GftL 11/84 4222 
VALEZ A 11 T29N R4W SEC 7 N SE SW STANDOLIND OIL I GAS Dtft 8/53 4445 
SJ 29-4 UNIT 124 T29NR4WSEC BB NW KE MERIDIAN OIL PROD PC/GftL 18/81 2/53 1649 58 1.2 B6,354 1,493 E BLANCO PC 4iee 
SJ 2M UNIT #7 T29N R4W SEC 8 D NUNW MERIDIAN OIL PtA 1988 fi/55 12/55 1186 4882 
SJ 23-4 UNIT 122 T29NR4WSEC 9N SE SW MERIDIAN OIL PROD PC 11/78 12/76 1328 9 8.1 37,788 217 E BLANCO PC 3535 
VALKZ 12 T29N R4U SEC 18 K SW SW STANDOLIND OIL t GAS Dtft 18/53 3685 
CONO 29-4 IE T29N R4W SEC 11 H SENE ROBERT L. BAYLESS PROD GAL 8/73 3694 
CONCCO 29-4 15 T29N R4W SEC 12 H SE NE ROBERT L. BAYLESS PROD GftL 18/73 3774 
BURNS RANCH tl T29N R4U SEC 13 A NE NE SOUTHLAND ROYALTY PROD GAL 9/79 3595 
CONOCO 29-4 118 T29N R4W SEC 14 A NE NE ROBERT L. BAYLESS PROD PC 3/78 4/78 973 37 8.8 183,317 8 UNDES PC 4875 
SJ £9-4 UNIT 123 T29N R4W SEC 15 J NWSE MERIDIAN OIL PROD PC 11/78 12/78 663 13 8.8 46,328 144 CHOZA MESft 4874 
SJ 29-4 UNIT 112 T29N R4W SEC 18 B NW NE MERIDIAN OIL PROD MV 7/57 4418 
CONCCO 29-4 16 T29N R4W SEC 19 H SENE ROBERT L. BAYLESS PROD PC 4/78 5/78 719 18 8.1 35,881 119 60BERNAD0R 3373 
SCHFLK 29-4 15 T29N R4W SEC 28 0 SWSE JOHN E. SCHALK PROD PC 7/76 8/78 631 12 8.8 16,738 8 GOBERNADOR 3878 
CONCCO 29-4 17 T29N R4W SEC 28 E ROBERT L BAYLESS PROD PC 2/74 7/74 584 15 8.1 52,998 513 GQBERNADOR 3284 
CONCCO 29-4 11 T29N m SEC 22 K NESW CONOCO OIL CO PtA 9/73 12/75 8 3628 
SJ 29-4 UNIT 13 T29N R4U SEC 22 N SE SW EL PASO NATURAL GAS Dtft 18/53 4/54 8 3618 
SCHALK 29-4 116 T29N R4W SEC 22 P SESE JOHN E. SCHALK PROD PC 4/78 18/76 1448 4 8.8 29,269 8 CHOZA MESft 4835 
SCHALK 29-4 111 T29N R4W SEC 23 P SESE JOHN E. SCHALK PROD PC 5/78 6/76 1819 6 8.8 44,189 186 CHOZft MESA 3781 
SCHALK 29-4 110 T29N R4U SEC 23 M SWSW MJ. SCHALK PROD PC 2/82 11/82 812 12 8.8 31,867 8 CHOZft MESA 4841 
CONOCO 29-4 14 T29N R4W SEC 24 N SESW ROBERT L. BAYLESS PROD PC 12/73 4/76 5644 27 8.8 62,245 17 CHOZft KE5ft 3697 
SJ ;!9-4 UNIT 115 T29N R4W SEC 25 6 SW NE EL PASO NATURAL GAS Dtft 7/58 18/58 8 3675 



EXHIBIT 13 - PRGE 2 

CURRENT CURRENT 
PC PC GAS PROD OIL PROD 11/1/91 11/1/91 DEPTH TO 

CURRENT SPUD COMP IP 1 CAPABILITY CAPABILITY CUM CUM TOP OF 
HELL LOCATION OPERATOR STATUS DATE DATE (MCFD) MCFD BOPD GAS PROD OIL PROD FIELD P.C. 

SCHfU 29-4 #6 T29N RW SEC 25 H SWSW JOHN E. SCHALK PROD PC 8/68 18/81 758 2 e.e 4,964 8 CHOZA MESA 4845 
SCHALK 29-4 117 T29N R4K SEC 25 I NE SE JOHN E. SCHALK PROD PC 7/78 8/78 1386 33 8.8 263,976 8 CHOZA MESA 3644 
SCHALK 29-4 114 T29N R4U SEC 26 B NU NE JOHN E. SCHALK PROD PC 4/78 9/78 1171 14 8.8 64,467 482 CHOZA MESA 4848 
SCHALK 29-4 17 T29N R4W SEC 26 K NE SW JOHN E. SCHALK PROD PC 5/79 6/79 1388. 97 1.7 281,295 12,513 CHOZA MESA 3774 
SCHfLK 29-4 115 T29N R4W SEC 27 P SE SE JOHN E. SCHALK PROD PC 4/78 18/78 261? C 

J 8.8 41,614 8 CHOZA MESA 3942 
CONCCO 29-4 13 T29N R4W SEC 28 L H»% SU ROBERT L. BAYLESS PROD GAL 11/73 4192 
SJ 29-4 UNIT #13 T29N R4W SEC 29 H SE NE EL PASO NATURAL BAS DtA 18/57 4891 
SJ £9-4 UNIT 11 T29N R4W SEC 38 K NE SW MERIDIAN OIL PROD MV 8/53 4252 
SJ £9-4 UNIT 114 T29N R4W SEC 31 A NE NE MERIDIAN OIL PROD MV 9/57 4153 
SCHfLK 29-4 13 T29N R4W SEC 32 ft NE NE JOHN E. SCHALK PROD PC 1/76 3/76 78? 29 6.8 184,271 8 GQBERNADOR 4258 
SCHALK 29-4 11 T29N R4W SEC 32 H SWSW JOHN E. SCHALK PROD MV 4/75 4342 
FED 129-4-32 t l T29N R4U SEC 32 A NE NE RICHMOND PETROLEUM PROD FRT 8/89 4258 
SCHfLK 29-4 t2 T29N R4W SEC 32 P SESE JOHN E. SCHALK. PROD PC 12/75 2/76 1254 218 8.8 687,769 116 GOBERNADOR 4258 
FED #29-4-32 #2 T29K R4W SEC 32 N SW SW RICHMOND PETROLEUM PROD FRT 9/89 4337 
SCHfLK 29-4 #4 T29N R4W SEC 32 D NU NW JOHN E. SCHALK PROD PC 9/75 12/75 585 183 8.8 299,221 8 60BERNAD8R 4249 
SJ £9-4 UNIT #18 T29N R4W SEC 33 H SENE MERIDIAN OIL PRODMV 9/59 4262 
SJ £9-4 UNIT #8 T29N R4W SEC 34 H SENE NORTHWEST PIPELINE PROD PC 6/57 7/57 376 3891 
SJ £9-4 UNIT #4 T29K R4W SEC 35 B NW NE MERIDIAN OIL PROD PC 9/55 11/55 881 18 8.8 184,875 8 CHOZA MESA 3938 
SJ £9-4 UNIT #2 T29N R4W SEC 35 K NE SW MERIDIAN OIL PROD FRT 9/53 18/53 6928 1,086,588 8 CHOZA MESA 3832 
SH £9-4 UKIT #16 T29N R4W SEC 36 A NE NE MERIDIAN OIL PROD FRT 7/58 11/58 635 64,391 8 CHOZA MESA 3738 
SJ £9-4 UNIT 118 T29N R4W SEC 36 K NE SW EL PASO NATURAL BAS PtA 1985 7/56 9/56 1348 81,854 8 CHOZA MESft 3982 
6ASRESY #2 T29N R4K SEC 36 N SE SW EL PASO NATURAL GAS Dtfl 4/67 3918 
GASfUGSY (1 T29N RAW SEC 36 K NESW EL PASO NATURAL GAS DtA 2/67 3916 
GASRIG6Y #3 T29N R4W SEC 36 K NE SW EL PASO NATURAL GAS DtA 8/69 3988 

JIC S-4 T38N R2W SEC 6 E S* ffil SMITH DRILLINS DtA 18/56 3775 
JIC 518 t l T38SR2WSEC 7 0 SWSE ROBERT L. BAYLESS PROD FRT/PC 11/67 1/88 368 3798 
JIC 519 11 T38N R2W SEC 16 0 SW SE ROBERT L. BAYLESS PROD PC/SAL 11/85 7/87 754 9 8.0 24,812 e E BLANCO PC 3695 
JIC 522 11 T38N R2W SEC 33 C NE NW MALLON OIL CO DtA 9/88 3814 

JIC 456 #2 T38N R3U SEC 7 0 SW SE ROBERT L. BAYLESS PROD PC 12/86 1/87 3221 148 e.e 238,656 8 E BLANCO PC 3633 
JIC 458 #8 T38NR3WSEC 7F SE NW ROBERT L BAYLESS PROD PC 9/88 11/68 3518 258 8.8 199,183 8 EBLANCOPC 3710 
JIC 458 #3 T38N R3K SEC 7 K SE NE ROBERT L. BAYLESS PROD PC 3/88 4/68 2633 196 8.8 181,533 8 E BLANCO PC 3713 
JIC 457 11 T38N R3W SEC 9 L NW SW ROBERT L. BAYLESS PROD OA 12/86 1/87 364 29 8.8 17,577 8 E BLANCO PC 3782 
JIC 456 t l T38N R3W SEC 11 N SESW ROBERT L. BAYLESS PROD FRT 2/87 3730 
JIC 461 t l T38N R3W SEC 14 L NW SW ROBERT L BAYLESS PROD PC 1/67 2/87 1855 31 8.8 43,766 8 E BLANCO PC 3651 
JIC 459 #8 T38N R3W SEC 17 C NE NW ROBERT L. BAYLESS PROD PC 18/88 1/89 1586. 33 8.8 24,486 8 E BLANCO PC 3663 
JIC 459 11 T38N R3K SEC 16 I NE SE ROBERT L. BAYLESS PROD PC 11/86 1/87 2355 171 8.8 211,882 8 E BLANCO PC 3677 
JIC 459 #3 T38N R3W SEC 16 6 SWNE ROBERT L. BAYLESS PROD OA/PC 18/86 1/89 2539 65 8.8 31,445 8 E BLANCO PC 3654 
JIC 459 #4 T38N R3W SEC 19 B NW NE ROBERT L BAYLESS PROD PC 18/88 1/89 4376 251 8.8 286,828 8 E BLANCO PC 3746 
JIC 459 #5 T38N R3W SEC 19 P SE SE ROBERT L. BAYLESS PROD PC 12/88 4/98 1384 71 8.8 18,787 8 E BLANCO PC 3846 
JIC 459 #2 T38N R3K SEC 28 E SU fW ROBERT L. BAYLESS PROD PC 11/87 12/87 3585 182 8.8 266,318 8 E BLANCO PC 3742 
JIC 468 #2 T38N R3W SEC 21 M SHSW ROBERT L. BAYLESS PROD PC 12/86 1/87 488 11 8.8 26,841 8 E BLANCO PC 3687 
JIC 462 (1 T38N R3W SEC 22 V. SWSW ROBERT L. BAYLESS PROD PC 1/67 1/87 484 24 8.8 25,862 8 E BLANCO PC 3609 
JIC 463 t l T38N R3W SEC 25 E SW NU ROBERT L. BAYLESS PROD OA 3/87 4/87 443 9,871 8 E BLANCO PC 3688 
JIC 464 16 T38N R3W SEC 29 K NESW ROBERT L. BAYLESS PROD PC 18/66 12/88 2524 121 8.8 65,988 8 E BLANCO PC 3770 
JIC 464 17 T38N R3W SEC 29 D NU fW ROBERT L BAYLESS PROD PC 11/86 2/89 2428 164 8.8 93,869 8 E BLANCO PC 3614 
JIC 464 13 T38N R3W SEC 38 H SE NE ROBERT L BAYLESS PROD PC 11/66 12/68 4881 112 8.8 97,391 8 E BLANCO PC 3686 
JIC 464 t l T38N R3W SEC 38 I NE SE ROBERT L. BAYLESS PROD PC 18/86 12/66 3923 262 8.8 483,271 8 E BLANCO PC 3740 
JIC 464 15 T38N R3W SEC 31 B NW NE ROBERT L. BAYLESS PROD PC 12/68 2/89 3518 68 8.8 43,879 8 E BLANCO PC 3725 
JIC 464 14 T38N R3W SEC 31 J NW SE ROBERT L. BAYLESS PROD PC 2/86 3/86 1886 15 8.8 21,383 8 E BLANCO PC 3698 



EXHIBIT 13 - PflGE 3 

CURRENT CURRENT 
PC PC BftS PROD OIL PROD 11/1/91 11/1/91 DEPTH TO 

CURRENT SPUD COMP' IP CAPABILITY CAPABILITY CUM CUM TOP OF 
HELL LOCATION OPERATOR STATUS DATE DATE (MCFD) MCFD BOPD GAS PROD OIL PROD FIELD P.C. 

JIC 464 12 T38N R3H SEC 32 D NW NW ROBERT L. BAYLESS PROD PC 18/67 12/87 2481 89 e.8 315,895 8 E BLANCO PC 3734 
JIC 464 16 T38N R3H SEC 32 H SW SW ROBERT L. BAYLESS PROD PC 6/66 9/88 3682 142 8.8 176,427 8 E BLANCO PC 3638 
JIC TRIBAL 11 T38N R3H SEC 34 D NW NU SUNRflY DX OIL CO Dtft 3/64 3688 

SINKS FED 13 T38N R4U SEC 11 E SW NW SOUTHLAND ROYALTY PROD PC 9/82 12/82 2882 16 8.8 35,618 8 E BLANCO PC 3658 
SIWS FED 12 T38N R4H SEC 11 0 SW SE SOLrTHLAND ROYALTY PROD PC 18/81 12/81 1342 3666 
SJ 36-4 UNIT 125 T30K R4H SEC 11 I NE SE EL PASO NATURftL BftS Pift 9/58 11/58 179 3658 
SIMK3 17 T38N R4H SEC 12 P SESE ROBERT L. BAYLESS PROD PC 7/98 8/98 3423 75 8.8 6,796 8 E BLANCO PC 3634 
SIK̂S FED 11 T38N R4W SEC 13 J NW SE SOUTHLAND ROYALTY PROD GftL 6/81 378C 
ALStlP Ml T38H R4H SEC 14 P SE SE EL PASO NATURAL 6AS Ptfi 1959 11/51 
SJ ;»-4 UNIT 131 T38N R4U SEC 14 D NW t& EL PASO NATURftL BftS Dift 8/68 3883 
SCHALK 49 11 T38N R4W SEC 23 M SW SW SCHALK DEVELOPMENT PROD PC 3/73 7/73 1613 27 8.8 226,765 8 E BLANCO PC 4144 
SCrtLK 49 12 T38N R4H SEC 23 0 SH SE Sim DEVELOPMENT PROD PC 11/73 1/74 688 6 8.8 27,889 8 E BLANCO PC 4833 
SCHfLK 49 13 T38N R4H SEC 23 A NE NE SCHALK DEVELOPMENT PROD PC 12/73 1/74 2236 7 E.8 129,813 e E BLANCO PC 3634 
SCHALK 49 14 T38N R4W SEC 23 D UJ UJ 

rw rw 
SCHALK DEVELOPMENT PROD PC 1/74 5/74 713 7 8.8 25,936 8 E BLANCO PC 3872 

SJ :58-4 UNIT 129 T38N R4H SEC 24 D a PASO NATURAL BftS Dtft 9/56 18/58 6 4836 
SCK1K 76 11 T38N R4H SEC 25 E SW NW COASTLINE PETROLEUM Dift 12/73 4885 
BIXJER RANCH 11 T38N RAW SEC 26 E SU NU SOUTHLAND ROYALTY PROD PC 9/61 11/81 449 15 8.8 74,951 8 E BLANCO PC 3966 
SJ 38-4 UNIT 119 T38N RAW SEC 26 C £ & a PASO NATURAL 6AS DtA 6/57 6/57 8 4871 
BIXIR RANCH 12 T38N RAW SEC 26 M SU SW SOUTHLAND ROYALTY PROD PC 6/63 3/64 712 8.8 75,482 e E BLANCO PC 4138. 
RUBEN CANYON 11 T38N RAW SEC 35 E SW SOJTKLAND ROYALTY PROD PC 18/61 12/61 1258 78 8.e 286,764 e E BLANCO PC 3635 
SWC FED 14 T38N RAW SEC 36 P SESE SOUTHLAND ROYALTY PROD FRT 6/83 18/64 8 3794 

JIC TRIBAL 525 11 T31N R2H SEC 15 I NE SE AMOCO PRODUCTION PROD SAL 11/85 969 
JIC TRIBAL 29 11 T31N R2W SEC 36 B NW NE HUMBLE OIL i REF DtA 9/63 95C 

JIC TRIBAL 531 11 T31N R3W SEC 5 K NE SU AMOCO PRODUCTION PROD GftL 11/83 363? 
JIC 31-3-32 11 T31N R3H SEC 32 L NU SU ROBERT L. BAYLESS DRILLED 2/91 2/91 NONE YET 8 e.e e e E BLANCO PC 3779 

JIC TRIBAL 11 T32N R3W SEC 21 « SWSW THE TEXAS CC Dift 5/52 1388 
TRIBAL 11 T32X R3W SEC 22 H SENE STANOLIND DtA 5/52 lies 
PACOSA JIC 11 T32N R3W SEC £3 D HA fW PAN AMERICAN PET Dift 6/63 1854 
TRIBAL 11 T32N R3W SEC 23 K HE SU aORBCE DRILLING Dift 6/47 
JIC W, 29 ft 11 T32K R3W SEC 29 F SE NU AUSTRA-TEX OIL CO Dift 6/88 2764 



CABRESTO TIGHT GAS AREA - EXHIBIT #6 

NATURAL UNSTIMULATED GAS PRODUCTION FLOWTEST 

WELL: ROBERT L. BAYLESS 
JICARILLA #1 
NWSW SEC J i2 T31N R3W 

TUBING 
FLOW 
PRESS FLOW GAS TOT GAS 
CHART ORIFICE RATE PRODUCED PRODUCED 

DATE TIME (PSI) SIZE (MCFD) (MCF) (MCF) 

02/27/91 10:05 am 90 0. 125 44. 8 0. 000 0. 000 
10:10 am 86 0. 125 43. 1 0. 153 0. 153 
10:15 am 87 0. 125 43. 5 0. 150 0. 303 
10:20 am 85 0. 125 42. 7 0. 150 0. 453 
10:25 am 79 0. 125 40. 1 0. 144 0.596 
10:30 am 73 0. 125 37. 5 0. 135 0.731 
10:35 am 67 0. 125 34.9 0. 126 0.857 
10:40 am 65 0. 125 34.0 0. 120 0. 976 
10:45 am 55 0. 125 29. 7 0. I l l 1. 087 
10:50 am 60 0. 125 31.9 3. 107 1. 194 
10:55 am 53 0. 125 28.9 0. 106 1. £99 
11: '30 am 50 0. 125 £7. 6 0. 098 1. 398 
11:05 am 44 0. 125 25.0 0. 091 1.489 
11:10 am 46 0. 125 25.8 0.088 1.577 
11:15 am 39 0. 125 £2.9 0. 085 1.662 
11:20 am 32 0. 125 19.9 0. 074 1.736 
11:25 am 37 0. 125 22. 1 0. 073 1. 809 
11:30 am 30 0. 125 19. 0 0.071 1. 860 
11:35 am £4 0. 125 16. 5 0. 06£ 1.942 
11:40 am 33 0. 125 £0. 3 0.064 £. 306 
11:45 am £8 0. 125 18. £ 0.067 £. 073 
11:50 am 22 0. 125 15.5 0.059 £. 131 
11:55 am 19 0. 125 14. 0 0.051 2. 182 
12:00 pm 27 0. 125 17.8 0.055 2. 238 
12:05 pm 24 0. 125 16. 5 0. 060 2. £97 
12:10 pm 18 0. 125 13.5 0.05£ £. 349 
12:15 pm 12 0. 125 10. 5 0. 04£ £. 391 
12:20 pm 9 0. 125 8.9 0.034 2. 424 
12:25 pm 16 0. 125 12.5 0.037 2. 462 
12:30 pm 20 0. 125 14.6 0.047 2. 509 
12:35 pm 16 0. 125 12.5 0.047 £.556 
12:40 pm 10 0. 125 9.5 0.038 £.594 
12:45 pm 8 0. 125 8. 3 0.031 £.6£5 
12:50 pm 5 0. 125 6. 4 0. 0£6 £. 650 
12:55 pm C 0. 125 3.9 0.018 £.668 
1:00 pm 1 0. 125 2.8 0.012 £.680 

CALCULATED 24 HOUR FLOWRATE = 22. 0 MCFD 



CABRESTO TIGHT GAS AREA - EXHIBIT #7 

PICTURED CLIFFS CORE ANALYSIS 

OPERATOR: ROBERT L. BAYLESS 
WELL: CONOCO £9-4 #7 
LOCATION: SWNW SEC £0 T£9N R4W 

TOP OF PICTURED CLIFFS = 3£84 

ALL DATA USED IN THIS ANALYSIS IS >18* POROSITY REPORTED FROM CORE ANALYSIS 

SAMP TOP BOTTOM FOOTAGE HORIZONTAL WATER 
NUM INTERVAL INTERVAL INTERVAL PERMEABILITY POROSITY SATURATION 

TOTAL 35 4.08 411.3 2869.8 
AVG 0. 1£ 11.8 59. 1 

6 j>*}69 3370 1 0. 12 10.7 49.5 
7 3370 3371 1 8. 33 11.6 50.8 
10 3373 3374 1 0. 44 11.5 52. 1 
11 3374 3375 1 0. 15 1£. 8 49.3 
1£ 3375 3376 1 0.28 13.8 49. 3 
13 3376 3377 1 0. 14 1£. 6 36. 1 
14 3377 3378 1 8.28 11.3 38.9 
15 3378 3379 1 8. 18 1£.8 39. 1 
18 3361 338£ 1 0. 10 11.£ 56. 1 
19 338£ 3383 1 8. 32 13.5 45. 9 
£0 3383 3384 1 8. 18 13.8 47. 1 
£1 3384 3385 1 8. 11 12.4 55. 6 
oo 3385 3386 1 8.£i 11.8 58. 5 
£3 3386 3387 1 0. 11 12. 8 5£.4 
£4 3387 3388 1 8. 15 10.3 65.0 
£6 3389 3390 1 0.07 11.6 69.9 
£8 3391 339 £ 1 8.85 11.8 65. £ 
31 3394 3395 1 8.85 11.8 61.9 
TO 3395 3396 1 8.86 11.3 62. 8 
37 3400 3401 1 8.84 11. 1 70.3 
41 3404 3405 1 0.88 18.4 70.2 
4£ 3405 3406 1 8. 14 18. 9 65. 1 
51 3414 3415 1 8.84 11.8 72.7 
5£ 3415 3416 1 8.84 18. 3 73.8 
87 3461 3462 1 8.8£ 18. 5 76. 1 
89 3463 3464 1 8.81 10.9 78.9 
100 3474 3475 1 8.81 10.7 64.5 
101 3475 3476 1 8. 82 11.4 64.9 
102 3476 3477 1 8.85 12.8 61.8 
103 3477 3478 1 8. 88 12.8 57.5 
104 3478 3479 1 8.85 11.7 62. 4 
105 3479 34B0 1 8.87 11.5 61.7 
106 3480 3481 1 8.85 11.9 61.4 
107 3481 3482 1 8.84 12. 3 66.7 
108 348£ 3483 1 0.07 12.5 55. 1 



EXHIBIT #7 
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CORE L A B O R A T O R I E S . INC. 
Petroleum Reservoir Engineering }'*;•<. 

D A L L A S . T E X A S 

CORE ANALYSIS RESULTS 

Company. CCCTIKiNTAL OIL COMPANY Formation PICTURED CLIFFS File ) > + ' . - . 

V o l KO. 7 SA!; JUAN 29-U Core Type DIA. COIiV. U" Date Rcport^-Ib.-j-li . 

I .clJ 17 "SCAT Drilling Fluid VJEK Analysts HM 
County RIO ARRIBA statf M. KKX. Elev. 6578 KB w.-itionNW 1/U Sec. 20 T29N RUW 

Lithological Abbreviations 
• i N P . I P D O L O M I T E . O O L A N N Y D A l T E • A N M Y l * " D ¥ - S D Y F I N E > f N C ft Y • T A L L I N E - I L N I R O W N - I R N m AC T U A EO • F H A C . L I O H T ; Y . l 

fc-ALt t M C M C f t T - C H C O N O L O M E R A T C . C O N O > H A L Y - A H Y M E D I U M . M t O Q R k t N ' C R N O U A V . Q Y L A M I N A T I O N . L A M V t Y . Y / 

L M E - i N O T . i u M . o t p r o t l i L i r E R O u i . r o s s L I M Y . L M V C O A A S E - C S E O A A N U L A A - O . N L V U O O Y - V G Y I T V L O L I T I C - I T V W I T N . W / 

* A . M l « L t | 

M U M B C R | 

D E P T H 

n n 
P E R M E A B I L I T Y 

M I L L I D A R C Y * 

'HOR. K. VERT 

P O R O S I T Y 

PER CENT 

R E S I D U A L S A T U R A T I O N 
PER C E N T PORE 

O I L T O T A L 

W A T E R 

S A M P L E 

A N O 

D E S C R I P T I O N 

R E M A R K S 

1 33oI»-65 0 . 0 1 <0 .01 3.3 0.0 72.7 Ss •wh v f g c l y s & P c a l c 
2 3365-66 0 . 0 1 <0 .01 U.o 0 .0 82.5 VF Ss wh v f g c l y s & P s l i ca lc 
3 3366-67 o.ou 0 . 0 1 8.2 2.U 7U.U VF Ss wh v f g c l y s & P s l i ca lc 
u 33o7-bS o.ou 0 .01 7.2 6 .9 51.U Ss wh v f g c l y s & P ca lc 
5 33o5-69 0.05 0.02 9.8 2.0 56.1 VF Ss wh v f g c l y s & P c a l c 
6 33O9-70 0 .12 0.0U 10.7 8.U U9.5 Ss wh v f g c l y s & P c a l c 
7 3370-71 0 .33 0.07 11.6 7.6 50 .0 Ss wh v f g c l y s & P c a l c 
8 3371-72 0 .02 0 . 0 1 3.3 15.1 75.8 VF Ss wh v f g c l y s & P ca l c 
9 3372-73 0 . 0 1 <0 .01 2.3 0 .0 82.6 VF Ss wh v f g c l y s & P c a l c 

10 3373-7U 0.UU 0 . 1 1 11.5 6 . 1 5 2 . 1 Ss wh v f g c l y s £t P 
11 337U-75 0.15 0.05 12.8 7 .0 U9.3 Ss wh v f g c l y s & p 
12 3375-76 0.28 0.07 13.8 8.0 U9.3 Ss wh v f g c l y s & P 
13 3376-77 O.lU 0.07 12.6 9.5 38 .1 VF Ss wh v f g c l y s & P 

s 3377-78 0.28 0 .02 11.3 10 .6 38.9 VF Ss wh v f g c l y s & P 
15 3378-79 0 .10 0.02 12.8 9.U 3 9 . 1 VF Ss wh v f g c l y s & P 
16 3379-80 0.12 0 . 0 1 8.2 0 .0 6 7 . 1 3 s wh v f g c l y s ej. P 
17 3330-81 0.05 0 . 0 1 6.9 0.0 73.0 Ss wh v f g c l y s fi P 
18 3381-82 0.10 0.02 11.2 0 .0 5 6 . 1 Ss v h v f g c l y s p c a l c 
19 3382-83 0.32 0.07 13.5 9.6 U5.9 Ss wh v f g c l y s i P s l i c a l c 
20 3383-8U 0.18 o.ou 13.8 10.9 U7.1 VF Ss wh v f g c l y s P 
. '1 338U-85 0 . 1 1 0.02 12.U 0 .0 55.6 Ss wh v f g c l y s b P 
22 3385-86 0 . 2 1 0.02 11.8 0 .0 58.5 Ss vh v f g c l y t— 

l_> & P 
*'3 3386-87 0 . 1 1 0.0U 12.8 7 .0 52.u 5s vh v f g c l y 0 & p 

3387-58 0.15 0 . 0 1 10.3 1.0 65.0 Ss wh v f g c l y s & P s h l y 
25 3388-89 0.08 0 . 0 1 9.7 0 .0 59.8 SD wh v f g c l y s & P 
26 3389-90 0.07 0 .02 11 .6 0 .9 69.9 Ss wh v f g c l y s & P 
27 3390-91 0.02 0 . 0 1 3 . 1 0 .0 77.U VF Ss wh v f g c l y s & P 

3391-92 0.05 0 . 0 1 11.8 0 .0 65.2 Ss wh v f g c l y s & P 
:'9 3392-93 0.05 0 . 0 1 8.0 0 .0 80 .0 Ss wh v f g c l y s & P 

:o 3393-9U 0.08 0.02 11.9 0 .0 63 .0 Ss wh v f g c l y s & P 
339U-95 0.05 0 . 0 1 11.8 0 .0 61.9 Ss wh v f g c l y s & P s l i c c l c 
3395-96 0.08 0 .02 11.3 0 .0 62.8 Ss wh v f g c l y s & P s l i ca lc 
3396-97 0.02 < 0 . 0 1 6.6 0 .0 90.8 Ss wh v f g c l y s & P 
3397-98 0.05 0 . 0 1 8.7 0 .0 80.5 Ss wh v f g c l y s & P 

35 3398-99 0 . 0 1 <0 .01 6.8 1.5 89.7 Ss wh v f g c l y s « P 
36 3399-3liOO O.OU 0 . 0 1 9 . 1 0 .0 78.0 Ss wh v f g c l y s & P 
37 3U00-01 o.ou 0 . 0 1 1 1 . 1 0 .0 70.3 Ss v h v f g c l y s & P s l i ca lc 

3U01-02 0 . 6 1 0 . 0 1 6.U 0 .0 8U.3 Ss wh v f g c l y s & P 
3V jh02-03 O.OU <0 .01 8 .1 0 .0 80.2 Ss vh v f g c l y s & P -

10 3b03-OU o.ou 0 . 0 1 8.7 2.3 79.2 Ss wh v f g c l y s & P s l i c a l c 

:;itf(VICii NO. 5 - A , 1-B. VF - VERTICAL FRACTURE. 
'-> l i n e 1 u l y - f i . , n p i n m n en in te rpre ta t ion* i r e biued nn ob* f rvat io i is and mnterinls supplied by t h t cl ient t̂ > whom, and for *h<<ne c* r lu» iv r »ml co i i h i ! f i i t u l t i*r . 
i l . is »f|. '.-t is made. The in te rp re ta t i on ! or npininnft exp re *Kd reprearnt the best j udK in rn l ol Core l a b o r a t o r i e s . Inc. ( A I I errors suit omissions e \ r ep t rd ) ; but 
• ' ( . i f J . a d o r j i i n r i r I n c . snd i t * nf l icer* snd employee*, l u u t n t nn responsibi l i ty *mt make t io war ran ty or representations., s i U» tUt J*f w lucUv i ty , |uop«r operat ion*, 
t r profit- I ' lrnrfts of any o i l . pa* 01 nlher mineral wel l or aand in connection w i th which aud i report is ustrt or rel ied upon. 



EHHIBIT #7 
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Petroleum Reservoir Engineering Page No _̂ 
D A L L A S . T E X A S 

CORE ANALYSIS RESULTS 

CompanyJ?<Y.iTJj:ENTAL OIL COKPANY Formation PICTURED CLIFFS File RP-3-2628 
Well KO. 7 SAK JUAN 29-h _ . _ Core Type DIA. CQKV. U" Date Report 2-18-71. 
VirAA " TLDCAT Drilling FlnM VJEM Analysts K.K . 
Connty SAK J U / J I State N . M E X . F.lev.6$78 KB LocationNW 1 / U S e c . 20 T 2 % RU>.T 

Lilhological Abbreviations 
f A N T f O C O L O M l T C - O O L » N H V D * I T | . » N M T i A N D Y - S D V r i N f r H C R Y f t T A L L I N C • U N I R O W N - I D N FR A CT U A t D - f A A C 1 1 I O H T i t 
* W A V t 

H « I • I 

• M C H E A T . C M C O N G L O M E R A T E • C O N a 

r o s i i L i r t n o u i - r o t i 
• M A L V - S M V M E D I U M • M I D 

L I M Y • L M Y C O A R S E - C & C 

G R A I N . O M N O R A Y . O Y L A M I N A T I O N • L A M V t M . y / 

G R A N U L A R • G R N L V U O O V - V G Y I T V L O L I T I C - I T T W I l H - V v / 

D E P T H 
i 
1 v r n k i r A M i i t T v POR OS IT Y 

R E S I D U A L S A T U R A T I O N 
PER CENT PORE R A M * > I ft* n r t r D i v T i n i j 

N U M B E R F E E T 
j — t W —* t n O 1 L- ' 1 • 

M I L L I D A R C Y ! 

(HOR. K. VST. 
PER CENT OIL 1 T O T * ' -1 WATER 

• ^ ~ r L- C U L V L i K l r l l V r i 

A N D REMARKS 

h i 3h0h-05 0.03 
A 
0.01 io.U 0.0 70.2 Ss wh v f g c ly s & p s l i calc 

12 3h05-06 O.lU o.ou 10.9 0.0 65.1 Ss wh v fg c ly s & p s l i calc 
U3 3h06-07 0.02 <0.01 7.1 0.0 8U.5 Ss wh v fg c l y s & p s l i calc 
hi! 3h07-03 o.ou O . 0 1 7.7 0.0 81.8 Ss wh v f g c ly s & p s l i calc 
U5 3U0S-09 o.ou O . 0 1 6.U 0.0 85.6 Ss wh v f g c l y s & p s l i calc 
ho 3U09-10 0.01 <0.01 8.2 0.0 83.0 Ss wh v f g c ly s & p s l i calc 
h7 3 h l 0 - l l 0.01 <0.01 6.9 0.0 89.9 Ss wh vfg c ly s & p shly 
h5 3U11-12 0.02 <0.01 8.1 0.0 86.5 Ss wh v f g c ly s & p shly 
U9 3U12-13 0.02 <0.01 8.8 0.0 78.U Ss wh v fg c l y s & p s l i calc 
50 3M3-1U 0.02 0.01 8.1 0.0 91.3 Ss wh v fg c l y s & p s l i calc 
51 3U1U-15 O.OU 0.02 11.0 0.0 72.7 Ss wh v fg c l y s & p s l i calc 
52 3U15-16 o.ou 0.02 10.3 0.0 73.8 Ss wh v f g c ly s & p s l i cdlc 
53 3U16-17 o.ou 0.02 9.8 0.0 77.5 Ss wh v f g cly s & p s l i calc 
5h 3U17-16 o.ou 0.01 9.5 0.0 8U.1 Ss wh v f g c l y s & p s l i calc 
55 3hlS-19 o.ou o.ou 9.8 0.0 71. U Ss wh v f g c ly s & p calc 
56 3U19-20 o.ou O.OU 9.U 0.0 71.2 Ss wh v fg cly s & p calc 
57 3h20-21 o.ou 0.02 9.7 0.0 71.1 Ss wh v f g c ly s & p s l i calc 
53 3h21-22 0.02 0.01 7.6 0.0 81.6 Ss wh v f g cly s & p s l i calc 

59 3h23-2U 0.02 0.02 5.6 8.9 78.5 Ss wh v f g c ly s & p s l i calc 
60 3h2h-25 0.01 0.01 6.U 0.0 86.0 Ss wh v fg c ly s 4 p s l i calc 
61 3U25-26 0.01 0.01 U.5 Uo.o U9.0 VF Ss brn v f g c ly 

62 3h36-37 0.01 0.01 3.5 0.0 82.9 Ss wh v f g c l y s &• p s l i calc 
63 3U37-33 0.01 0.01 5.2 0.0 82.6 Ss wh v f g c ly s & p s l i calc 
6h 3h38-39 O . 0 1 0.01 U.5 0.0 8U.U Ss wh v f g c ly s & p s l i calc 
65 3h39-h0 O . 0 1 0.01 5.U 0.0 88.9 Ss wh v fg c ly s & p s l i calc 
66 3hh0-Ul 0.01 0.01 5.7 0.0 85.9 Ss wh v f g c l y s t p s l i calc shly 
67 3UU1-U2 0.02 0.01 5.5 0.0 89.0 Ss wh v f g c l y s & p s l i calc 
66 3hh2-h3 0.01 0.01 U.6 0.0 80.5 Ss wh v f g c ly s & p s l i calc 
69 3hh3-hh <0.01 0.01 5.U 0.0 79.6 Ss wh v f g c ly s & p s l i calc 
70 3hhh-U5 <0.01 0.01 U.7 0.0 83.0 Ss wh vfg c ly s & p s l i calc 
71 3hh5-h6 O . 0 1 0.01 6.7 0.0 68.0 5s wh vfg c ly s & p s l i calc 
72 3UU6-U7 0.01 <0.01 6.9 2.9 62.6 Ss wh v f g c ly s & p s l i calc 
73 3hh7-h3 0.01 <0.01 5.7 0.0 66.0 Ss wh v f g c ly s fie p s l i calc 
7h 3hl43-U9 o.ou 0.01 6.2 0.0 63.9 Ss wh v f g c ly s & p s l i calc shly 
75 3UU9-50 0.01 0.01 6.9 0.0 85.5 Ss wh v f g c ly s & p s l i calc 

SLTlVICe, NO. 5-A, 1-B. VF - VERTICAL FRACTURE. 
These ana l ys t , opinon* or interpretations are based on observations and material? supplied by the client to whom, and |nr whose exclusive anil confidential ti«r. 
thi% report is made. The in terpreta t ion! or opinions expressed represent the best judgment or Core Laborator ies, Inc. (a l l errors and omissions eacepled); Inn 
t o r e laborator ies, Inc. and its officers and employees, assume no responsibil ity and make no warranty or representations, as to the product iv i ty. proi»er operation*. 
Or profitableness ol any o i l , frai or other mineral well or sand in connection wi th which auch report i t used or relied upon. 
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CORE ANALYSIS RESULTS 

&->mpany_j;0J£HK3J-TAL OIL COMPANY 
W'cU ' XO. 7 SAX JUAl. 29-U 
FiclJ VILJjCA.1 

Formation. 
Core Type. 

Drilling Fluid. 

PICTURED CLIFFS 
DIA. COAV. U" 

V.'BM 

File, RP-3-2628 

County. State N . MEX. F.lev.6578 KB Lot ion MV? 1/U Sec. 20 

Date Report 2-18-7U 

Analysts RJ'* 
T2gK RbVJ 

Lithological Abbreviations 
O O L O M I T t • D O L 

C M t K T - C M 

G Y ' S U M . Q Y P 
C O N G L O M E R A T E - C O N O 

r o s i i L i r c * O L > i - r o t * 

S A N D Y - S O Y 

I H A I V - » M Y 

L I M V . L M Y 

r I N C . F N 

M E D I U M • M t D 

C O A R S E - C S C 

C R Y S T A L L I N E - X L . H 

O R A I N . G R N 

O R A N U L A R • O R N L 

O K A Y . B Y 

V U C G Y - V O Y 

F R A C T U R E D ' F R A C 

L A M I N A T I O N . L A M 

ST Y L O L I T I C - S T Y 

• L»G**T I T -

V I M . v / 

S A M P L E 

HI) MQEH 
D E P T H 

1 
j P E R M E A B I L I T Y 

M I L L I D A R C Y S 

•HOP. V VPSTJ 

P O R O S I T Y 

PER C E N T 

R E S I D U A L S A T U R A T I O N 
PER C E N T PORE 

O I L | T O T A L 

1 W A T E R 

S A M P L E D E S C R I P T I O N 

A N O R E M A R K S 

76 3U50-51 0.01 
A 
0.02 6.8 0.0 83.9 Ss wh v f g c l y s fit p s l i calc 

77 3U51-52 0.02 0.01 7.2 0.0 8U.7 Ss wh v f g c l y s & p s l i calc 
75 3152-53 0.02 0.02 7.U 0.0 85.1 Ss wh v f g c l y s & p s l i calc 
79 3U53-5U 0.0U 0.02 8.6 0.0 81.U Ss wh v f g c l y s & p s l i calc 
60 3U5U-55 0.02 0.02 9.0 0.0 80.0 Ss wh v f g c l y s &-. p s l i calc 
31 3U55-56 0.02 0.01 8.2 0.0 82.9 Ss wh v f g c l y s & p s l i calc 
62 3U56-57 0.02 0.02 8.3 0.0 77.1 Ss wh v f g c l y s & p s l i calc 
63 3U57-53 0.01 <0.01 5.1 0.0 82.3 Ss wh v f g c l y s & p calc 
oU 3U58-59 0.01 <0.01 5.6 0.0 80.U Ss wh v f g c l y s & p calfc 
o5 3U59-60 1.0 * 0.02 9.U 0.0 78.7 yF Ss wh v f g c l y s & p calc 
66 3U60-61 0.0U 0.02 9.1 0.0 75.8 Ss vh v f g c ly s & p s l i calc 
87 3U61-62 0.02 0.02 10.5 0.0 76.1 Ss wh v f g c l y s & p s l i calc 
38 3U62-63 0.02 0.0U 9.7 0.0 76.2 Ss vh v f g c l y s & p s l i calc 
o9 3U63-6U 0.01 0.02 10.9 0.0 78.9 Ss wh v f g c l y s & p s l i calc 
90 3U6U-65 0.01 0.02 9.9 0.0 80.8 • Ss wh v f g c l y s & p s l i calc 
91 3U65-66 0.01 0.01 9.2 0.0 82.5 Ss wh v f g c l y s & p s l i calc 
92 3U66-67 0.01 0.01 9.9 0.0 78.8 Ss wh v f g c l y s & p s l i calc 
93 3U67-68 0.01 0.01 8.5 0.0 80.0 Ss wh v f g c ly s & p s l i calc 
9k 3U66-69 0.01 <0.01 6.3 0.0 79.U VF Ss wh v f g c l y s & p calc 
?5 3U69-70 0.01 <0.01 6.0 0.0 81.6 Ss vh v f g c ly s & p calc 
96 3U70-71 0.02 0.01 5.7 0.0 79.0 Ss vh v f g c l y s & p s l i calc 
91 3U71-72 0.01 0.01 8.7 0.0 78.1 Ss vh v f g c l y s & p calc 
9b 3U72-73 0 . 0 1 <0.01 7.5 0.0 85.3 Ss wh v f g c l y s & p s l i calc 
99 3U73-7U 0 . 0 1 <0.01 U.3 0.0 72.1 VF Ss vh v f g c l y s & p calc 

100 3U7U-75 0.01 o.ou 10.7 0.0 6U.5 VF Ss wh v f g c l y s & p calc 
101 3U75-76 0.02 o.ou 11.u 0.0 6U.9 VF Ss wh v f g c ly s & p calc 
102 3U76-77 0.05 0.07 12.8 0.0 61.0 VF Ss wh v f g c l y s & p calc 
103 3U77-78 0.08 0.08 12.0 0.0 57.5 VF Ss vh v f g cly s & p s l i calc 
10U 3U78-79 0.05 0.05 11.7 0.0 62.U Ss vh v f g c l y s & p s l i calc 
105 3179-80 0.07 0.05 11.5 0.0 61.7 Ss vh v f g c l y s & p s l i calc 
106 3U80-8I 0.05 0.07 11.9 0.0 61.U Ss wh v f g c l y s & p s l i calc 
107 3U81-82 0.0U 0.08 12.3 0.0 66.7 VF Ss wh v f g c l y s & p s l i calc 
108 31)32-83 0.07 0.07 12.5 0.8 55.1 VF Ss wh v f g c l y s & p s l i calc 

* DENOTES FRACTURE PERKEABILITY. 

SrJ.VIUxS K0. 5-A, 1-B. VF - VERTICAL FRACTURE. 
Their atialy.es, t.pinons or interpretations are based on observations mid matetinls supplied by the client tn whom, and (nr whose exclusive •ml confidential «»e. 
t l i n repi.it is made. Tht inlcr|>rttati«ni or opininni txprcsseil represent the btst juilk-mrm ol Cort Laboratmics, Inc. (all errors anil omissions excepted); but 
('we I j l . ' . t i l o t i e i , Inc. and ita officers and tmidoyees, assume m> responsibility and make no warranty or representations, as in Ihe productivity, proper opriatixiis. 
br profitableness of any oil . pas 01 other mineral well or aand in connection with which audi report is used or relied upon. 



CABRESTO TIGHT GAS AREA - EXHIBIT #6 

PICTURED CLIFFS CORE ANALYSIS 

OPERATOR: JOHN E. SCHALK 
WELL: SCHALK £9-4 ttfe 
LOCATION: SWSW SEC £5 T£9N R4W 

TOP OF PICTURED CLIFFS = 41245 

ALL DATA USED IN THIS ANALYSIS IS >10* POROSITY REPORTED FROM CORE ANALYSIS 

SAMF TOP BOTTOM FOOTAGE HORIZONTAL WATER 
NUM INTERVAL INTERVAL INTERVAL PERMEABILITY POROSITY SATURATION 

TOTAL 59 9£. 39 £401.9 
AVG 1.57 11.6 40.7 

18 4057 4058 1 0. 1£ 10.6 44.3 
£3 406£ 4063 1 0.41 IE. 3 46. 3 
£4 4063 4064 1 0.5£ 11.8 46.6 
£5 4064 4065 1 0. £7 11.8 50. 8 
£6 4065 4066 1 0.58 13. 1 50.4 
£7 4066 4067 1 0. 63 1£. 3 54. 5 
£8 4067 4068 1 0. 37 1E.6 50.0 
£9 4068 4069 1 1.40 10. 4 53.8 
30 4069 4070 1 8.60 1£. 8 46. 9 
31 4070 4071 1 7.60 1E.0 45.0 

407£ 4073 1 0.66 11.3 36. 3 
34 4073 4074 1 0. £5 11.6 49. £ 
35 4074 4075 1 0.50 1£.0 50.0 
39 4076 4079 1 0. 3£ 11.4 47.4 
40 4079 4080 1 0. 16 11.5 33.0 
4£ 4081 408£ 1 0. 16 15. 1 31.8 
43 408£ 4083 1 56.00 10.0 54.0 
45 4084 40B5 1 0.51 11.8 41.5 
48 40e7 4088 1 0. 08 11.5 47.8 
49 4088 4089 1 0.09 13.0 46.9 
70 4119 41£0 1 0. 10 11.5 53.9 
71 41£0 41£1 1 l.£0 10. £ 59.8 
93 4146 4147 1 0.93 IE. 3 £9. 3 
94 4147 4148 1 £. 50 11.7 1£. 8 
96 4149 4150 1 0.£9 10. 0 46.0 
97 4150 4151 1 0. £4 14. £ 4£. 3 
98 4151 415£ 1 0.££ 11.5 35.7 
99 415£ 4153 1 0. 16 1£. 7 ££. 0 
101 4154 4155 . 1 0.66 10.6 50.0 
106 4159 4160 1 0. 13 11.4 40.4 
107 4161 4161 1 0.£3 10. 1 3£. 7 
113 4166 4167 1 0. 16 10. 1 30.7 
114 4167 4168 1 0. 11 13.3 £0.3 
115 4168 4169 1 0. 07 11.£ 35.7 
133 4186 4187 1 0. 0£ 10.0 £0. 0 
165 4££3 4££4 1 0.51 10. 1 71. 3 
170 4££8 4££9 1 0. 10 11.5 £4.3 
186 4£44 4£45 1 0.05 10. 3 36.9 
190 4£48 4£49 1 0.09 11. 1 £7.0 



EXHIBIT #8 - PAGE £ 

SAMP TOP BOTTOM FOOTAGE HORIZONTAL WATER 
NUM INTERVAL INTERVAL INTERVAL PERMEABILITY POROSITY SATURATION 

£04 4£6£ 4£63 1 0. 38 10. 1 38. 6 
£10 4£68 4£69 1 0. 15 10. B 31.4 
£11 4£69 4£70 1 0. 1£ 11.7 47.8 
£1£ 4£70 4271 1 0. 15 11.5 48.7 
£13 4£71 4£7£ 1 0.09 10.4 33. 7 
£14 4£7£ 4£73 1 0. 13 11.£ 48. £ 
£15 4£73 4£74 1 0.06 10.6 35.8 
££3 4£81 4£8£ 1 0. 15 11. 3 53. 1 
££4 4£8£ 4£83 1 0.97 11.4 £8.9 
££5 4£83 4£84 1 0. 17 11.9 47. 1 
££fe 4£84 4£85 1 0.£4 13.6 £5.0 
££7 4£85 4£86 1 0. 18 11.8 39.0 
££8 4£86 4£87 1 0. 17 11.8 3£. £ 
££9 4£87 4£88 1 0. 18 11.0 30.9 
£3£ 4£90 4£91 1 0. 11 11.£ 34.8 
£41 4£99 4300 1 0.06 11.£ 34. 8 
£68 43£6 43£7 1 0.£6 11.6 37.9 
£70 43£8 43£9 1 0. 14 11. 3 49.6 
£7£ 4330 4331 1 0.£6 11.6 37.9 
£74 433£ 4333 1 l.£0 13. 1 48.9 



—lpany 

\Ce l l . 

K e l c . 

County— 

Location. 

C A M P L E 
NUM1IEP. 

John E . Shalk 

Shalk 29-U #6 

Bas in Dakota 

Rio Arriba State_JLi2L-
Sec.2g-29N-1+W 

CORE LABORATORIES, INC. 

Petroleum Reservoir Engineering 

D A L L A S . T E X A S 

Fnm.t inn P j C t U T e & C l j f f S 

Cnra D i a . Conv. U" 

E X H I B I T #8 

PAGE 3 

.of . . P a £ e _ i L -

F,I. RP-3-3016 

.Drilling Fluid S t a r c h cc Gel D a l e R e p o r t 9-13-80 

. Elevation. 

. Remarks. 

731+7 GL 

CORE ANALYSIS RESULTS 
(Figure! in pirrntbrin rrfrr lo foolnotr rtmsrlu) 

DEPTH 
F E E T 

P E R M E A B I L I T Y 
M I L L I D A R C Y S 

feAX 9 0 l 

a s m 
[CXKT 

R E S I D U A L 
S A T U R A T I O N 

'.o POR E ' A T £ R 
PORC 

An.ly .r , G e t Z 

R E M A R K C 

WHOLE CORE ANALYSIS 

1 1+020-21 0 . 0 3 9 . 7 5 2 . 6 1+0.2 

1 1 . 8 8 0 . 5 2 1+022-23 0 . 0 1 1 1 . 8 8 0 . 5 1 2 . 7 
3 LL023-2ij. 11+.3 8 8 . 1 1 6 . 8 

1+ 1+026-27 0 . 0 1 5 .6 7 3 . 2 3 .6 
5 1+027-28 0 . 0 1 6.1+ 7 . 8 6 8 . 8 
6 1+028-29 0 . 5 2 0.1+6 1 0 . 1 0 . 0 59.1+ 
7 1+029-30 0 . 2 0 0 . 1 9 9 .3 0 . 0 5 9 . 1 

. 8 1+030-31 0 . 2 8 0 . 2 5 1 2 . 3 l + . l 1+8.0 
i 1+031-32 0 . 0 8 0 . 0 6 1 1 . 5 1+.3 1+7.8 

10 1+032-33 0 . 1 0 0 . 0 8 1 2 . 0 5 . 8 3 7 . 5 
1 1 1+033-31+ 0 . 2 1 0 . 1 5 11+. 8 i+.7 3 7 . 8 
12 I+03I4.-35 0 . 3 2 0 . 1 0 1 2 . 5 l+.o l+l+.o 
13 14-035-36 0 . 1 3 0 . 0 8 12.1+ 1+.0 1+2.7 
11+ 1+036-37 0 . 0 5 0 . 0 3 1 1 . 7 1+.3 50.1+ 
15 1+037-38 0 . 1 3 0 . 1 0 9 . 1 5.5 5 3 . 8 

1+038-55 -
5 3 . 8 

16 1+055-56 3 . 1 0 . 6 8 2 . 6 3 .8 5 0 . 0 
17 1+056-57 0 . 2 1 0 . 0 7 9 .7 6 . 2 5 7 . 7 
18 1+057-56 0 . 1 2 1 0 . 6 8 .5 1+1+.3 
19 1+058-59. 1 . 7 1 .2 5 . 1 78.1+ 2 . 0 
20 1+059-60 0 . 1 2 1 .5 0 .0 1 3 . 3 -
2 1 I+060-61 0.11+ 0 . 0 8 9 .7 6 . 2 5 7 . 7 
22 1+061-62 0 . 2 6 0 . 2 2 9 . 1 1 . 1 5 2 . 7 
23 1+062-63 0.1+1 0 .13 1 2 . 3 l + . l 1+6.3 
21+ 1+063-61+ 0 . 5 2 0 . 1 0 1 1 . 8 1.7 1+6.6 
25 1+061+-65 0 .27 0 .26 1 1 . 8 3.1+ 5 0 . 8 
26 1+065-66 . 0 . 5 8 o.*25 1 3 . 1 1 .5 50.1+ 
27 1+066-67 0 . 8 3 0 . 5 3 1 2 . 3 0 . 0 51+.5 
28 1+067-68 0 . 3 7 0 . 2 7 1 2 . 6 0 . 0 5 0 . 0 
29 1+068-69 1.1+ 0 . 9 8 10.1+ 0 . 0 5 3 . 8 
30 1+069-70 8 . 6 0 . 2 3 1 2 . 8 0 . 0 1+6.9 
3 1 1+070-71 7 . 6 . 0 . 1 7 1 2 . 0 0 . 0 1+5.0 

1+071-72 0.21+: 0.11+ 9 . 9 0 . 0 38.1+ 
r r-

1+072-73 0 . 6 6 0 . 1 9 1 1 . 3 0 . 0 3 6 . 3 

C0AL-BLK,-vf grn,VF 
RU3BLE - NO ANALYSIS 
C0AL-BLK,vf grn 
SD-BLK,vf gm.w/coa l 
RUBBLE - NO ANALYSIS 
SD-3RN tvf grn,w/coel 
SD-GRY,f grn.w/c ly 
SD-GRY,f grn f w/c ly 
SD-GRY, f c r n , v / c l y 
SD-GRY,f grn,w/c ly 
SD-GRY,f grn,w/c ly 
SD-GRY,f grn,w/c lv 
SD-GRY,f grn,w/c ly 
SD-GRY,f grn.w/c ly 
SD-GRY,f grn ,w/c ly 
SD-GRY,f grn,w/cly 
SD-GRY,f grn,w/c ly 
CORE LOSS 
SD-GRY,f. g r n , w / c l y , V F 
SD-GRY,f grn ,w/c ly 
SD-GRY,f grn ,w/c ly 
SD-DK GRY,vf grn ,w/coa l ,V? 
SD-DK GRY,vf grn ,w/c ly 
SD-GRY,f grn .w/o lr 
SD-GRY,f grn,w/c ly 
SD-GRY, f trrn ,v /c ly 
SD-GRY,f grn,w/c ly 
SD-GRY,f grn,w/c ly 
SD-GRY,f grn ,w/c ly 
SD-GRY,f grn ,w/c ly . 
SD-GRY,f grn ,w/c ly 
SD-GRY,f grn ,w/c ly 
SD-GRY,f grn ,w/c ly 
SD-GRY,f grn ,w/c ly 
SD-GRY,f grn ,w/c ly 
SD-GRY,f g m , w / c l y 

N O T E : 
< * ) REFER TO A T T A C H E D UETTER. <2> O F F L O C A T I O N A N A L Y S E * — N O I N T E R P R E T A T I O N O F RESIT 
( I ) I N C O M P L E T E CORE RECOVERY—INTERPRETAT ION RESERVED. 

These analyses, opinion, or Interpretation, art bawd on observation* and material* supplied by the client te whom, and tor whoa* exclusive and confidential 
u»e, this report la made. The Interpretation! or opinion, expressed repreaent the but Judgment ot Core Laboratories. Inc. (ail error* and omission* ax. 
cepted): but Core Laboratories. Inc., and lu aWecn and employee!, assume no rcrponalblUty and make no warranty or reprasenuiiona. ai to the productivity, 
proper operation, or profitableness ol any oil, gas or other mineral well or sand In connection with which auch report 1> used or relied upon. 



John E . Shalk C—ipany— 

-vvdi.- Shalk 29-U #6 
Held Basin Dakota 

C O R E L A B O R A T O R I E S . INC. 
Petroleum Reservoir Engineering 

D A L L A S . T E X A S 

Formation P i c t u r e d C l i f f S 

rnrr. D i a . Conv. 1+" 

EXHIBIT #8 
Page 4 

.Page 2 of 

F;I, RP-3-3016 

County— 

Location. 

Rio Arr iba c,„rp N.M. 

Sec.2c;-29N-ii.V 

.Drilling Fluid S tarch & Gel r w n^rr 9 -13-80 

. Elevation 7314-7 G L Amly.t. G e t Z 

. Remarks 

CORE ANALYSIS RESULTS 
(TirxTtt tn ptTtntbtiti rejer lo jootnott rrmrrks) 

D E P T H 

P E R M E A B I L I T Y 
M ILL IDA.RCYS P O » 0 5 f T V 

R E S I D U A L 
S A T U R A T I O N 

R E M A R K S 

1 
FEET 

:MAX 1 9 0 C 
PERCENT O I L | 1 = ~ * " -

PORE ! 
| T-c PORE 

R E M A R K S 

1+073-71+ 
ix07l4--75 
1+075-76 
1+076-77^ 
l+077-78> 
1+078-79 
1+079-80 
k080-8l 
1+081-82 
1+0 82-83 
1+0 8 3-81+ 
I+08L+-85 
i;085-86 
I+O86-87 

1+8 1+087-88 
1+9 1+088-89 

1+089-90 . 
1+090-91 
1+091-92 
1+092-93 -
1+093-91+ 
1+091+-95 
1+095-96 
1+096-97 
1+097-99 
1+099-00 
1+100-01 
1+101-D2 
1+102-08 
1+108-09 
1+109-10 
1+110-11 
1+111-12 
1+112-13 
1+113-11+ 
14-H1+-15 
1+115-16 
1+116-17 

3U 
35 
36 
37 
38 
39 
1+0 
ia 
1+2 
1+3 
1+1+ 

b$ 
1+7 

50 
51 

52 
53 
Sh 
55 

56 
57 
58 

59 
60 
61 
62 
63 
61+ 
65 

0.0L+ 
0.11+ 0.01 

0.01 
0.05 0.01 
1.1 0.05 
0.02 

0.16 0.07 
0.01+ 0.01+ 
0.07 0.03 

0.01 
. <0 . 01 
<0.01 
<0.01 

0.01 
0.01 

<Qj,01 
0.01 
0.61+ 0.01+ 

1 1 . 8 0 . 0 1+9.2 
1 2 . 0 0 . 0 5 0 . 0 

7.6 0 .0 68.1+ 
3.6 2 5 . 0 5 0 . 0 
9 . 0 53.3 35.6 

11.1+ 0 .9 1+7.1+ 
1 1 . 5 7.8 3 3 . 0 

9 . 0 0 . 0 5 0 . 0 
1 5 . L . 35.1 3 1 . 8 
1 0 . 0 0 . 0 511.0 

2.5 0 . 0 6 0 . 0 
1 1 . 8 5.9 1+1.5 

9.5 0 . 0 1+1+.2 
6.6 0 .0 72.7 

11.5 0 . 0 1+7.8 
13.0 0 .0 1+6.9 

"6.5 0. 0 65.9 
6 . 1 0 . 0 7 2 . 1 

~6.5 0 . 0 7 0 . 8 
7.1+ 0 . 0 6 7 . 6 
7.5 0 .0 6 2 . 7 
7.5 0 . 0 6 0 . 0 

7.3 0 . 0 65.8 
7 . 2 0 . 0 65.3 
6.7 0 . 0 6 2 . 7 

5.1+ 0 . 0 7 9 . 6 ^ 
5.3 0 . 0 5 0 . 9 
1+.3 0 . 0 39.5 
l+.l 0 . 0 36.6 
6.9 0 . 0 62.3 • 
6.7 0 . 0 6 1 . 2 
7.8 0 . 0 67.9 
8.2 0 . 0 69.5 
8.2 0 . 0 69.5 

S D-GRY, f 
SD-GRY, f 
S D-GRY, f 
SD-GRY, f 
SD-GRY,f 
SD-GRY,f 
SD-GRY,f 
SD-GRY,f 
SD-GRY,f 
SD-GRY,f 
SD-GRY,f 
SD-GRY,f 
SD-GRY,f 
SD-GRY,f 
SD-GRY,f 
SD-GRY,f 
RUBBLE -
SD-GRY,f 
SD-GRY,f 
RUBBLE -
SD-GRY, f 
SD-GRY,f 
SD-GRY,f 
SD-GRY, f 
RUBBLE -
SD-GRY,f 
SD-GRY,f 
SD-GRY,f 
RUBBLE -
SD-GRY,f 
SD-GRY, f 
SD-GRY,f 
SD-GRY, f 
SD-GRY, f 
SD-GRY,f 

SD-GRY,f 
SD-GRY,f 
SD-GRY,f 

grn, w/cly 
grn,w/c ly 
grn,w/c ly 
grn ,w/c ly ,w/coa l 
grn ,w/c ly ,w/coa l 
grn,w/cly 
grn,w/cly 
grn,w/c ly 
grn ,w/c ly ,w/coa l 
grn ,w /c ly ,VF 
gm,w/c ly 
grn,w/cly 
grn,w/c ly 
grn,w/c ly 
gm,w/c ly 
grn,w/c ly 
NO ANALYSIS 
grn,w/cly 
grn,w/cly 
NO ANALYSIS 
grn,w/c ly 
grn,w/c ly 
grn,w/cly 
grn,w/cly 
NO ANALYSIS 
grn,w/cly 
grn,w/cly 
grn,w/cly 
NO ANALYSIS 
grn ,w/c ly ,VF 
grn ,w/c ly ,VF 
grn ,w/c ly ,VF 
grn ,w/c ly ,VF 
grn ,w/c ly ,VF 
grn ,w/c ly ,VF 

grn ,w/c ly ,VF 
grn ,w/c ly ,VF 
grn ,w/c ly ,VF 

NOTE: 
«*> REFER TO ATTACHED LETTER. <2> OFF LOCATION ANALYSES—NO INTERPRETATION OF RESUL 
<1> INCOMPLETE CORE RECOVERY—INTERPRETATION RESERVED-

These analyses, opinions or Interpretations are based on observations and materials supplied by the client to whom, and tor whose exclusive and confidential 
ILK this report it made. The Interpretation! or opinions expressed represent the best iudjsnenl of Core Laboratories. Inc. (all errors and r-n1—'Tine ex­
cepted ); but Core Labors lories. Inc.. and its officers and employees, assume no rerponslDlllty and make ne warranty or representations, as to the productlTtty, 
proper operation, or profitableness of any oil. f as or other mineral well or aand In connection with which such report ls used or relied upon. 



C O R E L A B O R A T O R I E S . I N C . 

Petroleum Reservoir Engineering 

D A L L A S . T E X A S 

EXHIBIT #8 
Page 5 

Company-

John E . Shalk 

... Sha lk ?9 -k #6 

Ktld Bas in Dakota r p u n , y Rio A r r i b a w , K.M. 

Location S e C . 2 ^ - 2 9 N - h V , r 

.Fnrmatinn P i c t U r e d C l j f f S 

rw< D i a . Conv. k" 

.Drilling Fluid Starch & Gel 

. Flrvstinn 7 3 k 7 G L 

_ Remarks 

-Pa«e-

- F i l e _ 

-of. 

RP-3-3016 

-DstC B ^ r r 9 - 1 3 - 8 0 

_ Ansly.r. G e t Z 

CORE ANALYSIS RESULTS 
(Titurti in pntnlheiu rtftr io foolnolr rtmtrlu) 

t A M P L I D E P T H 

P E R M E A B I L I T Y 
M I L L I D A R C Y S 

P-OROSITY 

R E S I D U A L 
S A T U R A T I O N 

| R E M A R K S FEET 

MAX • 90° 
f C R C C K T O i . j 

• % POKE 
WA71 H 

| R E M A R K S 

68 14,117-18 0.01 
69 k l lS-19 0.09 
70 1+119-20 0.10 
71 1x120-21 1.2 
72 1+121-22 0.32 
73 1+122-23 0.02 
7k lxl23-2k 0.02 
75 l4.12h.-25 <0.01 

I4.I25-29 • 
76 1x129-30 0.03 
77 14.130-31 <0.01 
78 1+131-32 0.07 
*" \ 1+132-33 0.03 

1+133-31+ <0.01 
81 kl3l+-35 0.03 
82 1+135-36 0.02 
83 Ul36-37 <0.01 
81+ 1+137-38 <0.01 
85 I4.I38-39 0.19 
86 U139-I4-O 0.08 
87 kll+0-1+1 0.06 
88 l+ll+l-i+2 0.02 
89 J+ik2-k3 0.07 
90 klk3-kk 0.0k 
91 kil+k-k5 0.03 
92 .kik5-l4-6 0.01 
93 kil+6-1+7 0.93 
91+ 14,11+7-14-8 2.5 
95 kll+8-1+9 9.6 
96 1+1U9-50 0.29 
97 1+150-51 0.2k 
98 (+151-52 0.22 
99 1+152-53 0.16 

100 1+153-51+ 0.2k 
101 J+15U-55 0.66 
102 U155-56 0.02 
103 1+156-57 0.35 

1+157-58 1.2 

7.0 2 .9 60.0 SD-GRY, f grn, w/c ly , sh l lair. 
7.1 l . k 62.0 SD-GRY,f g r n , w / c l y , s h l lam 

11.5 0.9 53.9 SD-GRY,f grn ,w/c ly " 
O.kO 10.2 0.0 59.8 SD-GRY,f grn ,w/c ly •'~ 
0.20 7.9 0.0 75.9 SD-GRY,f grn,w/c ly 

7.0 0.0 75.7 SD-GRY,f grn,w/c ly -
0.02 7.0 0.0 7U.3 SD-GRY, f 'grn, w/c ly . 

9.0 0.0 75.7 SD-GRY,f grn ,w/c ly 
. DRILLED 

16.7 56.7 SD-DK GRY,vf g m , v / s h l 
13.5 62.2 SD-DK GRY,vf g r n , v / s h l 

0.0 63.k SD-GRY,vf g r n . v / s h l 
0.0 51.k SD-GRY,vf g r n , v / s h l 
0.0 [ L 9 . 1 SD-GRY,f grn ,w/ sh l ,VF 
0.0 1+7.5 SD-GRY,f grn ,w/sh l ,VP 
0.0 69.2 SD-DK GRY,vf g r n , v / s h l 

12.8 61.0 SD-DK GRY,vf g r n , v / s h l , V F 
12.5 60.0 SD-DK GRY,vf g r n , v / s h l , V F 

7.2 1+2.0 SD-GRY,f grn ,w/sh l 
25.0 30.0 SD-GRY,f grn ,w/sh l 

l+.O 72.0 SD-GRY,f grn ,w/sh l 
0.0 57.1 SD-GRY,f grn ,w/ sh l ,VF 
0.0 80.5 SD-DK GRY,vf g r n , v / s h l 
0.0 73.1 SD-GRY,f grn ,w/sh l 

16.7 16.7 SD-GRY,f grn ,w/sh l 
0.0 36.9 SD-DK GRY,vf g r n , v / s h l 
0.0 29.3 SD-GRY,f grn ,w/shl 
0.0 12.8 SD-GRY,f grn ,w/c ly 
0.0 J30.1+ SD-GRY,f grn ,w/c ly 
0.0 1+6.0 SD-GRY,f grn ,w/c ly 
0.0 1+2.3 SD-GRY,f grn ,w/c ly 

'>-0.0 35.7 SD-GRY,f grn ,w/c ly 
0.0 22.0 SD-GRY,f grn ,w/c ly 
0.0 1+9.0 SD-GRY,f grn ,w/c ly 
0.0 50.0 SD-GRY,f grn ,w/c ly 
0.0 23.7 SD-GRY,f grn ,w/c ly 

0.1k 3.1 0.0 80.6 SD-GRY,f grn ,w/c ly 
0v01 7.2 0.0 51.k SD-GRY,f grn ,w/c ly 

0.01 
0.03 

0.77 
0.68 
0.68 
0.23 

3.0 
3.7 
k . l 
7.0 
5.7 
5.9 
3.9 
U.l 
k.O 
6.9 
2.0 
5.o 
1+.9 
k . l 
5.2 
1.2 
6.5 

12.3^ 
11.7 
13.5 
10.0 
l k . 2 
11 .5 
12.7 

9.6 
10.8 

7.6" 
3.1 
7.2 

\V 

NOTE 
( • ) REFER TO ATTACHED LETTER. <2> e>FF LOCATION ANALYSE*—NO INTERPRETATION OF WEaUJl 
( I I INCOMPLETE CORE RECOVERY—INTERPRETATION RESERVED. 

These analyses, oplniom or Interpretations are based on observations and materia Lt supplied bv the client to whom, and tor whose exclusive and confidential 
use. this report is made. The Interpretations or opinions expressed represent the best Judgment of Core Laboratories. Inc. (all errors and omissions ex. 
ecptrd): but Core Laboratories. Inc.. and Its officers and employees assume no responsibllitv and mate no warranty or representations, as to the productivity 
proper operation, or profitableness of any oil, gas or other mineral well or sand in connection with which such report is used or relied upon. ' 
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.Page. 

.File_ 

.of. 

RP-3-3016 

Basin Dakota Held 

r ^ m T r Rio Arriba N.M. 
Location S e c . 2 5 - 2 9 N - k W 

.Drilling Fimri Starch & Gel rw 9-13-80 

. r-.War.rm 7 3 ^ 7 G L A n , l v , r « G e t Z 

. Remarks 

CORE ANALYSIS RESULTS 
(fifHTti m ptrentbeiet refer to jootnott rrmtrki) 

P E R M E A B I L I T Y R E S I D U A L 

S A M P L E DEPTH M I L L I D A R C Y S POROS 'TV S A T U R A T I O N 
R E M A R K C 

K U U . E * FEET 

MAX 90° 
PERCENT O I L 

. % P O R E 

T t T A L , . 

% P O R t 1 

R E M A R K C 

10$ 
106 
107 
108 
109 
110 
111 
112 
113 
111+ 
115 
116 
1 
l i b 
119 
120 
121 
122 
123 
121+ 
125 
126 
127 
128 
129 
130 
131 
132 

131+ 
135 
136 
137 
138 

ll+O 
1' 
11+2 

1+158-59 
1+159-60 
1+160-61 
1+161-62 
1+162-63 
1+163-61+ 
1+161+-65 
1+165-66 
1+166-67 
1+167-68 
1+168-69 
1+169-70 
1+170-71 
1+171-72 
1+172-73 
1+173-71+ 
1+171+-75 
1+175-76 
1+176-77 
1+177-78 
1+178-79 
1+179-80 
1+180-81 
1+181-82 
1+182-83 
1+183-81+ 
1+181+-85 
1+185-86 
1+186-87 
1+187-88 
1+188-89 
1+189-90 
1+190-91 
1+191-92 
1+192-93 
1+193-91+ 
1+19U-95 
1+195-96 
1+196-97 

1.3 
0.13 
0.23 
0.09 
0.01+ 
0.08 
0.02 
0.26 
0.16 
0.11 
0.07 
0.09 
0.03 
0.01+ 
3.5 
0.17 
0.01+ 
0.21+ 
0.01+ 
0.01+ 
0.71 
0.05 
0.05 
0.01 
0.02 
0.01 

(tf.01. 
va._oi> 

0.02 

<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 

0.30 

0.0k 
0.08 
0.02 
0.03 

0.21 

0.01 
0.0k 
0.01 

0.01 
0.02 
0.05 

0.01 

9.8 
11.1+ 
10.1 

9.3 
8.9 
9.2 
8.7 
9.1 

10.1 
13.3 
11.2 

9.5 
7.6 
7 .8 
6.9 
8.9 
5 .8 
8.7 
7.2 
6.9 
3.2 
3.7 

• 8.0 
1+.9 
3.9 
3.2 
3.8 
2 .8 
1.0 

"l.8 
5.3 
3.9 
2.3 

;3.9 
3.5 
3.5 
2.9 
2.5 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
6.3 
5.1+ 
6.3 
0.0 
2.6 

^21 . I N 
\ 28.6 
J 10.0 

5T6 
9.1+ 
.5.1 
0.0 
2.9 
2.9 
0.0 
0.0 
0.0 

\ 

1+5.9 
1*0.1+ 
32.7 
35.5 
28.1 
20.7 
28.7 
20.9 
30.7 
20.3 
35.7 
18.9 
28.9 
32.1 
33.3 
37.1 
23.0 
13.8 
36.1 

8.7 
59.k 
37.8 
2 5.0 
83.7 
1+8.7 
53.1 
52.6 
32.1 

\20.0 

7^2.2 
6'9.8 
71+.k 
73.9 
89.7 
88.6 
82.9 
72.1+ 
81+.0 

SD-GRY,f grn,v/c ly 
SD-GRY,f grn,w/cly 
SD-GRY,f grn,w/cly 
SD-GRY,f grn,w/cly 
SD-GRY,f grn,w/cly 
SD-GRY,f grn,w/cly 
SD-GRY,f grn,w/cly 
SD-GRY,f grn,w/cly 
SD-GRY,f grn,w/cly 
SD-GRY,f grn,w/cly 
SD-GRY,f grn,w/cly 
SD-GRY,f grn,w/cly 
SD-GRY,f grn,w/cly 
SD-GRY,f grn,w/cly 
SD-GRY,f grn,w/cly 
SD-GRY,f grn,w/cly 
SD-GRY,f grn,w/cly 
SD-GRY,f grn,w/cly 
SD-GRY,f grn,w/cly,VF 
SD-GRY,f grn,w/cly,VF 
SD-DK•GRY,vf grn,v/shl ,VF 
SD-DK GRY,vf grn,w/shl, VF 
SD-GRY.f grn,w/cly,VF 
SD-DK GRY, vf grn,,v/shl, VF 
SD-DKT GRY, vf - grn. v / sh l , VF 
SD-CK' GRY,vf grn,v/shl ,VF 
SD-DK GRY,vf grn,v/shl ,VF 
SD-DK GRY,vf grn,v/shl ,VF 
SD-DK GRY,vf grn,v/shl ,VF 
RUBBLE - NO ANALYSIS 
SD-DK GRY,vf grn,w/shl,VF 
SD-DK GRY,vf gm,w/shl ,VF 
SD-DK GRY,vf grn,w/shl,VF 
SD-DK GRY,vf gm,w/shl ,VF 
SD-DK GRY,vf grn,w/shl,VF 
SD-DK GRY,vf grn,w/shl,VF 
SD-DK GRY,vf grn,w/shl,VF 
SD-DK GRY,vf grn,w/shl,VF 
SD-DK GRY,vf grn,w/shl,VF 

(2) OFF LOCATION ANALYSES-NO INTERPRETATION OF RESUL 
NOTE. 
( * > REFER TO ATTACHED LETTER. 
( I I INCOMPLETE CORE RECOVERY—INTERPRETATION RESERVED. 

That* anal ran, opinion* or Interpretations arc based on observations and materials supplied by the client to whom, and tor whose exclusive and confidential 
use, this report Is made. The Interpretations or opinions expressed represent the best Judgment of Core laboratories. Inc. (all errors and ~ ~ < — - ex­
cepted) ; but Core Laboratories, Inc.. and its officers and employees, assume no responsibility and make no warranty or representations, as to tht productivity, 
proper operation, or profitableness of any oil, gas or other mineral well or sand in connecuon with which such report Is used or relied upon. 
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Company 2 ° * ™ E . S h a l k 

Shalk 29-k #6 

Field. Basin Dakota 

County— 

Location. 

Rio Arriba w f N.M. 

. Fnrmatinn P i c t u r e d C l i f f s 

rnr« Dia. Conv. k" 

.Drilling Fiuifi Starch & Gel 

Elevation 73k7 GL 

. Page 5 of 2 

ra. RP-3-3016 

Sec.2$-29K-kW 

-Datt *-p»rr 9-13-80 

A n 3 ) y t » G e t Z 

Remarks. 

CORE ANALYSIS RESULTS 
(Figures ir ptrentbeset refer to footnote rrmtrlu) 

V AMPL.C DEPTH 

P E R M E A B I L I T Y 
M I L L I D A R C Y S POROSITY 

R E S I D U A L 
S A T U R A T I O N 

j R E M A R K S W U K D K R FEET 

MAX 90° 
PERCENT O I L 1 ' C - I A L j R E M A R K S 

il+3 
Ikk 
1U5 
li+6 
11+7 

^ 7 

-•1+8 
li+9 
150 
2 

153 
15U 
155 
156 
L57 
158 
159 
160 
161 
162 
163 
• 6k 
165 
166 
167 
1.68 
169 
L70 
171 
172 
173 
171+ 
175 
v 
177 

1+197-98 0.60 0.07 k . l 12.2 70.7 SD-DK GRY 
1+198-99 <^0.01 k.7 1+.3 65.1 SD-DK GRY 
1+199-00 1.0 0.12 3.2 3.1 8k.k SD-DK GRY 
1+200-01 <0.01 1+.5 3.1 88.9 SD-DK GRY 
1+201-02-. <0.01 k.O 12.5 77.5 SD-DK GRY 
1+202-03 f SHALE & C 
1+203-01+ r - COAL - NO 
1+201+-05 r - SHALE & C 
1+205-06-i- COAL - NO 
k206-07 0.01 8.2 53.7 k l . 5 SD-DK-BRN 
1+207-08 0.01 5.1+ 29.6 55.6 SD-DK BRN 
k208-09 0.01 7.2 26.1+ 61.1 SD-DK BRN 
1+209-10 0.07 6.8 10.3 66.2 S D-GRY, f 
1+210-11 0.15 6.1\ 0.0 72.1 SD-GRY, f 
1+211-12 0.05 7.2 6.9 5&.9 SD-GRY,f 
1+212-13 0.0k 7.8 V 8.9 52.6 SD-GRY, f 
1+213-11+ 0.07 9.8 ) 11.2 31+.7 SD-GRY, f 
l+21k-l5 0.15 8.7 .7 9.0 1+6.0 SD-GRY,f 
1+215-16 0.06 l+.8t" 0.0 81.3 SD-GRY, f 
1+216-17 0.03 5.9 8.5 66.1 SD-GRY, f 
1+217-18 0.31 5.9 3.1+ 76.3 SD-BRN,f 
1+218-19 0.10 5.7 12.3 75-1+ SD-BRN,f 
1+219-20 0.01 1+.8 0.0 81.3 SD-GRY, f 
1+220-21 0.1 <0.01 5.1 0.0 80.k SD-GRY, f 
1+221-22 0.22 5.2 0.0 80.8 SD-GRY, f 
•1+222-23 0.05 5 . T \ 2.0 82.1+ SD-GRY, f 
1+223-21+ 0.51 0.05 10.1 \ 2.0 71.3 SD-GRY, f 
1+221+-25 0.05 1+.0 | 2.5 77.6 SD-GRY,f 
1+225-26 1.8 1.8 7.0 ! 7.1 71.1+ SD-GRY,f 
1+226-27 0.06 5.3 / 1.1+ 83.0 SD-GRY,f 
1+227-28 0.05 • 6.2 I 3.2 71.0 SD-GRY,f 
1+228-29 " 0.10 11.5 ' 11.3 21+.3 SD-GRY,f 
1+229-30 0.07 l+.l 2.1+ 75.6 SD-GRY,f 
1+230-31 0.03 10.0 11.0 32.0 SD-GRY, f 
1+231-32 0.29 3.9 2.6 71+.1+ SD-GRY, f 
1+232-33 0.26 <0.01 5.1. 0.0 76.5 SD-GRY,f 
1+233-31+ 0.32 0.31 1+.6 0.0 80.1+ SD-GRY, f 
1+231+-35 0.01 5.1+ 0.0 81.5 SD-GRY, f 
1+135-36 0.57 0.09 5.1 0.0 78.1+ SD-GRY,f 

,vf grn, shl/lam 
,vf grn,shl/lam 
,v f grn,shl/lam 
,vf grn,shl/lam 
,vf grn, shl/lam 
0AL - NO ANALYSIS 
ANALYSIS 

0AL - NO ANALYSIS 
ANALYSIS 
,vf grn,w/shl,w/coal 
, vf grn,w/shl 
,vf grn,w/shl 
grn,s i sh/lam 
grn,si sh/lam,VP 
grn,w/cly 
grn,w/cly,VP 
grn,w/cly,VF 
grn,w/cly,VF 
grn,si shl/lam,VF 
grn,s i shl/lam,VF 
grn,w/shl,w/coal,VF 
grn,w/shl,w/coal 
grn,s i shl ,w/cly 
grn,s i shl,w/cly 
grn,s i shl ,w/cly,VP 
grn,s i shl ,w/cly ,VF 
grn,s i shl ,w/cly. 
grn,s i shl>w/cly,VF 
g m , s l shl,w/cly 
g m , s l shl ,w/cly,VP 
grn , s i sh l ,w/c ly ,VF 
grn , s i shl ,w/cly,VP 
grn , s i shl ,w/c ly ,VF 
grn, s i shl,w/cly 
grn,s i shl ,w/cly 
grn,s i shl ,w/cly 
grn,s i shl ,w/cly 
grn,s i shl ,w/cly 
grn,s i shl ,w/cly 

y 
NOTE 
< * > REFER TO ATTACHED LETTER. 
( I ) INCOMPLETE CORE RECOVERY-INTERPRETATION RESERVED. 

<2> OFF LOCATION ANALYSES-NO INTERPRETATION OF HEaUM 

The** analyses, opinions or Interpretation! sr* burd on observations and material, supplied by th* client to whom, and lor whose exclusive and confid*ntia] 
use. this report is made. The interpretations or opinions expressed represent the best Judgment of Core Laboratories, inc. (all errors and omissions ex­
cepted) ; but Core Laboratories. Inc., and Its officers and employees, assume no responsibility and make no warranty or representatlona, as to the productivity 
proper operation, or profitableness of any oil, fas or other mineral well or sand tn connection with which such report ls used or relied upon 
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Comp in y 

\> 

Field 

Couxvrv— 

John E . Shalk 
Shalk 29-k #6 RP-3-3016 
BP.sin Dakota 

Rio Arriba we N.M. 
Location Se C . 25-29N-1+W Remarks 

.Formation. 
Pictured C l i f f s p a ge__A_of. 

. Cores 
Dia. Conv. 1+" F i I e_ 

.Drilling Fluid Starch & Gel rw. 9-13-80 
Flrvarinn 7 3 k 7 G L A„, ly . r , G e t Z 

CORE ANALYSIS RESULTS 
(Ftrurei m ptrentbeset rtjrr to footnote rent rrluj 

u « n . [ ! D E P T H 

P E R M E A B I L I T Y 
M I L L I D A R C Y S 

POROSITY 

R E S I D U A L 
S A T U R A T I O N 

R E M A R K S 
N U U < : K . FEET 

MAX 90° 
PERCENT o n 

% PORE 

T O T A L 
W A T E R 

% PORE 

R E M A R K S 

176 
179 
180 
181 
182 
183 
181+ 
185 
186 
187 
188 
189 
3 

192 
193 
191+ 
195 
196 
197 
198 
199 
200 
201 
202 
203 
20k 
205 
206 
20'? 
206 
209 
210 
211 
212 
213 
214 

r-
5 

k236-37 0.1+7 <0.01 k.9 0.0 75.5 
k237-36 0.03 <0.01 .5.3 0.0 81.1 
1+238-39 0.0l+<0.01 5.1 0.0 70.6 
1+239-1+0 <0.01 k.9 0.0 83.7 
1+21+0-1+1 <0.01 5.1 0.0 78.6 
k2i+l-l+2 <0.01 k.9 0.0 81.6 
l4.2iX2-U3 <0.01 1+.5 20.0 61+.1+ 
k2k3-kk 0.01 3.5 0.0 82.9 
k2kk-k5 0.05 10.3 1.9 36.9 
k2k5-k6 0.03 9.0 1.1 1+2.2 
k2k6-k7 0.07 8.5 0.0 17.6 
k2k7-k8 0.05 9.6 1.0 3l4-.il. 
k2i+8-k9 0.09 11.1 1+.5 27.0 
k2k9-50 0.02 9.9 5.1 25.3 
14.250-51 0.13 9.1+ 0.0 38.3 
k25l-52 0.02 6.0 1.7 66.7 
1+252-53 0.03 6.9 7.2 1+9.3 
k253-51+ 0.03 8.0 0.0 53.8 
I+25I4.-55 -0.02 6.5 3.1 50.8 
1+255-56 0.03 7.1 1.1+ 63.I+ 
k256-57 0.0k <0.01 5.1+ 3.7 71+.1 
1+257-58 0.03 0.01 6.3 1.6 57.1 
k258-59 0.10 <0.01 6.6 0.0 80.3 
1+259-60 0.02 3.1+ 0.0 79.1+ 
1+260-61 0.01 3.0 3.3 76.7 

• 1+261-62 0.02 7.1+ 0.0 59.5 
k262-63 O.38 0.12 10.1 0.0 38.6 
1+263-61+ 0.17 0.15 6.1 1.6 72.1 
i+26k-65 2.2 0.55 8.5 0.0 52.9 
k265-66 0.31 0.08 9.0 0.0 32.3 
1+266-67 0.07 • 1+.6 0.0 71.7 
1+267-68 ' 0.78 8.3 0.0 1+5.8 
1+268-69 0.15 10.8 0.0 31.k 
k269-70 0.12 11.7 0.0 1+7.8 
k270-71 0.15 U . 5 0.0 1+8.7 
k271-72 0.09 10.k 0.0 33.7 
k272-73 0*13 11.2 0.0 1+8.2 
1+273-7U 0.06 10.6 0.0 35.8 

SD-GRY,f grn,s i shl ,w/cly 
SD-GRY,f grn , s i shl ,w/cly 
SD-GRY,f grn ,s i shl ,w/cly 
SD-GRY,f g m , s l shl ,w/cly 
SD-GRY,f grn,s i shl ,w/cly 
SD-GRY, f gm,w/shl 
SD-DK GRY,vf grn,w/shl ,s i cot 
SD-DK GRY,f grn ,s i shl ,w/cly 
SD-GRY,f grn,s i shl ,w/cly, VF 
SD-GRY,f grn,s i shl ,w/cly ,VF 
SD-GRY,f grn,s i shl ,w/cly ,VF 
SD-GRY,f grn,s i shl ,w/cly 
SD-GRY", f grn, s i shl ,w/cly 
SD-GRY,f grn,s i shl ,w/cly 
SD-GRY,f grn,s i shl ,w/cly 
SD-GRY,f grn,s i shl ,w/cly 
SD-GRY,f grn,w/cly 
SD-GRY,f grn,w/cly 
SD-GRY,f grn,w/cly 
SD-GRY,f grn,w/cly 
SD-GRY,f grn,w/cly 
SD-GRY, r "'grn, w/cly 
SD-GRY,f grn,w/cly 
SD-GRY,f grn,w/cly 
SD-GRY,f grn,w/cly 
SD-GRY,f grn,w/cly 
SD-GRY,f grn,w/cly,VF 
SD-GRY,f grn,w/cly, VF 
SD-GRY,f grn,w/cly,VF 
SD-GRY,f grn,w/cly,VF 
SD-GRY,f grn,w/cly,VF 
SD-GRY,f grn,w/cly,VF 
SD-GRY,f grn,w/cly,VF 
SD-GRY,f grn,w/cly,VF 
SD-GRY,f grn,w/cly,VF 
SD-GRY,f grn,w/cly,VF 
SD-GRY,f grn,w/cly,VF 
SD-GRY,f grn,w/cly,VF 

NOTI: 
( * ) R E F E R T O A T T A C H E D L E T T E R . ( 2 ) O F F L O C A T I O N A N A L Y S E S — N O I N T E R P R E T A T I O N O F R E S U L 
I U INCOMPLETE CORE RECOVERY—INTERPRETATION RESERVED. 

D in t analyses, opinions or interpretations are based on observations and materials supplied by the client to wnom. and tor whose exclusive and confidential 
use. this report ls made. The interpretations or opinions expressed represent the best judgment of Cor* La bora tori as. Inc. (all errors and omissions ea* 
cepted); but Core Laboratories. Inc.. and its officers and employees, assume no responsibility and make no warranty or representations, as to the productivity 
proper operation, or profitableness of any oil, gas or other mineral well or sand In connection with which such report Is used or relied upon. 
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r^pny John E . Shalk 
M... Shalk 29-k #6 

. Page 2 of SL 
v.u RP- 3-3016 

Basin Dakota Field.. 

r ^ . v y Rio Arriba c,„t, N.M. 

Location Sec.25-29N-kW 

. Fnrmsrinn P i C t U T e d C l i f f S 

. r»r« Dia . Conv. k" 

.Drilling Fluid Starch & Gel T W 9-13-80 

. Elevation 73-4-7 GL Amly.t i__GetZ__ 

. Remarks 

CORE ANALYSIS RESULTS 
(Fiivrei in ptrenlbetei refer to footnote remrrlu) 

DEPTH 

P E R M E A B I L I T Y 
M I L L I D A R C Y S 

P O R O S I T Y 

R E S I D U A L 
S A T U R A T I O N 

j REMARKS 
l 
1 

FEET 
MAX 90° 

PERCENT o ; . 
C/C PORE 

T C T A L 
WATER 

% PORE 

j REMARKS 
l 
1 

216 1+271+-75 
217 1+275-76 
218 1+276-77 
219 k277-78 
220 1+278-79 
221 1+279-80 
222 k280-8l 
223 1+281-82 
22k k282-83 
225 k283-8k 
226 k28k-85 
227 k285-86 
2'" 1+286-87 
2ez~) 1+287-88 
230 I+2S8-89 
231 1+289-90 
232 k290-91 
233 1+291-92 
23k 1+292-93 
235 1+293-91+ 
236 k29k-95 
237 1+295-96 
23§ 1+296-97 
239 1+297-98 
21+0 1+298-99 
21+1 1+299-00 
2i+2 1+300-01 
2k3 1+301-02 
2l+k k302-03 
2k5 k303-0k 
2l+6 U30k-O5 
21+7 k305-06 
2k 8 1+306-07 
21+9 1+307-08 
250 1+308-09 
251 1+309-10 
252 1+310-11 
2 1+311-12 
2i>i+ I+312-I3 

0.-10 8.9 0.0 57.3 
0.10 8.3 0.0 k7.o 
0.05 7.2 0.0 37.5 
0.66 0.02 6.5 0.0 50.8 
0.07 0.07 6.9 0.0 50.8 
0.05 9.1 0.0 53.8 
0.01 5.1 0.0 86.3 
0.15 1 1 . 3 u 0.0 53.1 
0.97 l l . k 1 \ 0.0 28.9 
0.17 11 .9 ; 1 0.0 1+7.1 

25.0 0.2k 13.6 i : 0.0 
1+7.1 
25.0 

0.18 11.6 : 0.8 39.0 
0.17 11 .8 ; 0.0 32.2 
0.18 11.0 I 0.0 30.9 
0.05 8.1 ; 0.0 1+8.1 
0.09 9.2 0.0 59.8 
0.11 0.0k 11.2 0.9 31+. 8 
0.05 •8.9 1.1 59.6 
0.0k < 0.01 9.1 1.1 59.6 
0.01+ < 0.01 6.7 0.0 65.7 
9.6k 6.1 3.3 86.9 

<0.01 k .8 1+.2 87.5 
<0.01 2.2 0.0 95.5 

0.05 7.0 1.1+ 58.6 
0.09 7.3 0.0 30.1 
0.06 11 .2 0.0 31+. 8 
0.05 1+.6 0.0 39.1 

<0.01 5.3 1.9 28.3 
<0.01 3.9 0.0 58.9 

0.15 0.13 9.5 0.0 31+.7 
0.06 0;06 6.7 0.0 38.8 
3.9 0.13 6.8 0. 0 37.9 
0.05 8.6 0.0 39.8 
0.01+ 6.7 0. 0 1+6.3 
0.02 1+.3 2.3 88.1+ 
0.03 6.0 0.0 75.0 
1.88 9.2 0.0 k5.7 

<0.01 1+.8 0.0 83.3 
<0.01 k . l 0.0 95.1 

N O T E 
1 • ) R E F E R TO A T T A C H E D L E T T E R . 
<l> I N C O M P L E T E C O R E R E C O V E R Y — I N T E R P R E T A T I O N R E S E R V E D . 

SD-GRY,f grn,w/cly,VP 
SD-GRY,f grn,w/cly,VF 
SD-GRY,f grn,w/cly,VP 
SD-GRY,f grn,w/cly,VF 
SD-GRY,f grn,w/cly,VP 
SD-GRY,f grn,w/cly,VP 
SD-GRY,f grn,w/cly,VF 
SD-GRY,f grn,w/cly,VP 
SD-GRY,f grn,w/cly,VF 
SD-GRY,f grn,w/cly,VF 
SD-GRY,f grn,w/cly,VF 
SD-GRY,f grn,w/cly,VF 
SD-GRY,f grn,w/cly,VF 
SD-GRY,f grn,w/cly,VF 
SD-GRY,f grn,w/cly,VF 
SD-GRY,f grn,w/cly,VP 
SD-GRY,f grn,w/cly,VF 
SD-GRY,f grn,w/cly,VP 
SD-GRY,f grn,w/cly . 
SD-GRY,f grn,w/cly. 
SD-DK GRY,vf grn,v/shl ,VF 
SD-DK GRY,vf grn,v/shl,VP 
SD-DK GRY,vf grn,v/shl 
SD-GRY,f grn,W/cly 
SD-GRY,f grn,w/cly 
SD-GRY,f grn,w/cly 
SD-GRY,f grn,w/cly 
SD-DK GRY,vf grn,v/shl 
SD-GRY,f grn,w/cly 
SD-GRY,f grn,w/cly 
SD-GRY,f grn,w/cly 
SD-GRY,f grn,w/cly 
SD-DK GRY,vf grn,v/shl 
SD-DK GRY,vf grn,v/shl 
SD-GRY,f grn,w/shl 
SD-GRY,f g r n , s i shl 
SD-GRY,f grn,w/shl 
SD-GRY,f grn,w/shl 
SD-DK GRY,f grn,v/shl 

12 > OFF LOCATION ANALYSES—NO INTERPRETATION OF RESU. 

These analyses, opinions or Interpretations are based on observations and materials supplied by the client to whom, and tor whose exclusive and r«ifiiw..ti.i 
use, this report ls made. The Interpretations or opinions expressed represent the best ludjement of Core Laboratories. Inc. (all errors and t F " ' — e x -
cepted); but Core Laboratories. I n c and lb officers and employees, assume no responsibility make no warranty or representations, as to the praduetlvlo 
proper operation, or profitableness of any oil, fas or other mineral well or sand In connection with which such report Is used or railed upon ' 
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F i l R P - 3 - 3 0 1 6 

iiinty.-

Location Sec.2t;-2qN-kW 

.Drilling Fluid Starch & Gel P n r 9-13-60 

. Elevation 7 3k 7 GL 
Analysts Ge t z 

. Remark* 

CORE ANALYSIS RESULTS 

( A M P L E D E P T H 

P E R M E A B I L I T Y 
M I L L I D A R C Y S 11 »-OROSITY 

R E S I D U A L 
S A T U R A T I O N 

N U K E E K FCCT 
• MAX • 90° 

| •»ERCEMT 

1 
O I L 

• % PORE 
T 6 T A L 
W A T E R 

% PORE 

R E M A R K S 

1+6.7.. SD-DK GRY,vf g r n , v / s h l 
90.0 SD-DK GRY,vf g r n , v / s h l 
75-14- SD-DK GRY,vf grn ,w/shl 
68.6 SD-DK GRY,vf grn,w/shl 
85.7 SD-DK GRY,vf g r n , v / s h l , V P 
78.9 SD-DK GRY,vf g r n , v / s h l 
73.8 SD-DK GRY,vf grn,w/shl ,VP 
85.7 SD-DK GRY,vf grn,w/shl 
6k.5 SD-GRY,f grn,w/shl 
51.3 SD-GRY,f g r n , s i sh l 
57.6 SD-GRY,f grn,w/c ly 
63.2 SD-GRY,f grn,w/c ly 
63.6 SD-GRY,f grn ,w/c ly 
37.9 SD-GRY,f grn,w/c ly 
65.7 SD-GRY,f grn,w/c ly ,VP 
1+9.6 SD-GRY,f grn,w/c ly ,VP 
29.9 SD-GRY,f grn ,w/c ly ,VP 
37.9 SD-GRY,f grn ,w/c ly ,VP 
61.1 SD-GRY,f grn ,w/c ly ,VP 
1+8.9 SD-GRY,f grn ,w/c ly ,VF 
72. k SD-GRY,f grn ,w/sh l ,VF 
1+6.0 SD-GRY,f' grn ,w/sh l ,VF 
29.0 SD-GRY,f grn ,w/ sh l ,VF 
60.0 SD-GRY,f grn ,w/ sh l ,VF 
58.3 SD-GRY,f grn ,w/ sh l ,VF 
69.k SD-DK GRY,vf g r n , v / s h l , V P 
83.0 SD-DK GRY, vf grn, v / s h l f VF . 
82.0 SD-DK GRY,vf g r n , v / s h l , V F 
69.0 SD-GRY,f grn,w/c ly , VP 
51+.2 SD-GRY,f g.rn,w/cly, VP 
77.6 SD-DK GRY,vf g r n , v / s h l , V P 
7k.k SD-DK GRY,vf g r n , v / s h l , V F 
8k.6 SD-DK GRY,vf grn ,w/ sh l ,VF 
91.1+ SD-DK GRY,vf grn,w/shl ,VP 
8k.6 SD-DK GRY,vf g r n , v / s h l ,VF 
78.7 SD-DK GRY,vf g r n , v / s h l 
58.8 SD-DK GRY,vf g r n , v / s h l , VP 
81.6 SD-DK GRY,vf g r n , v / s h l , V P 
77.8 SD-DK GRY,vf g r n , v / s h l , V P 

(2 ) OFF LOCATION ANALYSES-NO INTERPRETATION OF RESULT 

These analyses, opinion- or Interpretations are b.—on ob«-rv»tloni and materials supplied by the client to whom and for whose axeluetv. I .J I - I . I—u- i 
use. this report ls made. The InterpreuUcm or eonloiu expressed represent the best ludfmenl of Core l^boratortet tec (ST e r r o r s ^ d ^ S S ^ ^ 
eepted): but Core Laboratories. Inc. and Its offices and empoyee,. assume no respor l̂bUlry and iruuteno wiLrrin r r ^ r e r / r i ^ U U c^TII ^ i h f S S S S J S , * 
proper operation, or profitableness of any ell. fas rr other mineral well or sand In connection wlttwhleh euchnrportlTusedor^Ued'iwS P"*-"-*1'-^. 

255 1+313-11+ <0.01 1.5 6.7 
256 1+311+-15 0 . 0 1 k.O 0.0 
257 1+315-16 0.05 6.1 13.1 
258 1+316-17 0.51 3.5 17.1 
259 1+317-18 0.0k 1+.2 2.1+ 
260 1+318-19 0.06 1.9 0.0 
261 1+319-20 <0.01 6.5 18 .5 
262 k320-21 <0.01 3 . 5 0.0 
263 k321-22 <0.01 6.2 0.0 
26k k322-23 <0.01 7.8 0.0 
265 l+323-2k 0.02 5.9 0.0 
266 1+321+-25 0.01 5.7 0.0 
26 k325-26 0.22 0.08 6.6 0.0 
26o 1+326-27 0.26 11.6 t 6.0 
269 k327-28 0.20 7.0 j 0.0 
270 1+328-29 0.1k 11 .3 , 0.0 
271 k329-30 0.10 0.07 7.7 |! 0.0 
272 1+330-31 0.26. 11.6 6.0 
273 1+331-32 0.51+ 0.32 9.5J , 0.0 
27k 1+332-33 1.2 13.11 3.8 
275 1+333-31+ 0.01 2.9 0.0 
276 1+331+-35 0.05 6.3 0.0 
277 1+335-36 0.03 6.9 0.0 
278 1+336-37 0.10 6.2 1.6 
279 1+337-38 0.0k 1+.8 0.0 
280 1+338-39 0.56 0.32 1+.9 0.0 
281 1+339-kO .0.03 1+.7 0.0 
282 k3k0-k l <0.01 5.0 0.0 
283 1+31+1-1+2 <0.01 k.2 0.0 
28k 1+31+2-1+3 0.0k k.8 0.0 
285 1+31+3-1+1+ 0.03 « 1+.9 2.0 
286 1+31+1+-1+5 • 0.01 3.9 2.6 
287 1+31+5-1+6 <0.01 3.9 0.0 
288 1+31+6-1+7 <0.01 9.3 0.0 
289 i+3k7-kB <0.01 3.9 0.0 
290 l+3l+8-k9 <0.01 . r 1+.7 2.1 
291 1+31+9-50 <0.01 1.7 5.9 
2< 1+350-51 <0.01 *̂  3.8 2.6 
293 1+351-52 0.02 2.7 3.7 
NOTE 
(•) 
( 1 > 

REFER TO ATTACHED LETTER. 
INCOMPLETE CORE RECOVERY— NTERPRETAION RESERVED. 
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John E . Shalk C' >any. 

Shalk 29-k #6 

Field Basin Dakota 

Pictured C l i f f s . Page 2 of ! 

F;L RP-3-3016 

r„,.„n. Rio Arr iba c.rar(. N.M. 

Loca,ion Se c . 25-29N-kW 

.Formation 

.Co r e s D i a . Conv. 1+" 

.Drilling Fluid S tarch & Gel D a t e R e p o r t _ 9-13-80 

. Klrvsrinn 7 3 k l G L Amly-r . Gs t Z 

. Remarks 

CORE ANALYSIS RESULTS 
(Firuret in pitentktitt refer to footnote remsrlu) 

S A H P L I DEPTH 

P E R M E A B I L I T Y 
M I L L I D A R C Y S P O R O S I T Y 

R E S I D U A L 
S A T U R A T I O N 

R E M A R K S 
N U M 1 E K FEET MAX . . 90° PERCENT O I L 

% PORE WATER 
% PORE 

R E M A R K S 

29 1+ 
295 
296 
297 
298 
299 
300 
301 
302 
303 
30k 

305 

3u7 

1+352-53 
1+353-51+ 
1+351+̂ 55 
1+355-56 
1+356-57 
1+357-58 
1+358-59 
1+359-60 
I+36O-6I 
1+361-62 
1+362-63 
l+363-6k 
1+361+-65 
1+365-66 

<0.01 
0.07 

<0.01 
<0.01 

0.01 
<0.01 

6.0k 
o.oi 
0.18 

<o.oi 
<o.oi 
<o.oi 
<0.01 

0.01 

1+.2 11.9 73.8 SD-DK GRY,Vf 
1.1 0.0 36.k SD-DK GRY,vf 
2.7 0.0 70.1+ SD-DK GRY,vf 
2.3 8.7 65.2 SD-DK GRY,vf 
1+.3 2.3 62.8 SD-DK GRY,vf 
3.5 2.9 77 .1^ SD-DK GRY,vf 
2.1+ 1+.2 87.5 SD-DK GRY,vf 
1.5 6.7 66.7 SD-DK GRY,vf 
k . l 21.9 61.0 SD-GRY,f grn 
3.3 3.0 75.8 SD-GRY,f grn 
3.3 6.1 75.6 SD-GRY,f grn 
1.2 0.0 33.3 SD-GRY,f grn 
3.1 3.2 80.6 SD-GRY,f grn 
2.8 3.6 82.1 SD-DK GRY,vf 

grn, v / s h l , V F 
g r n , v / s h l , V F 
g r n , v / s h l , V F 
grn, v / s h l , VF 
g r n , v / s h l , V F 
g r n , v / s h l 
g r n , v / s h l 
g r n , v / s h l 

,w/shl 
,w/sh l 
, v / s h l 
,w/shl 
,w / sh l 

g r n , v / s h l , V F 

Conventional plug used where whole core permeabi l i ty was unsuitable 

f or a n a l y s i s . 

Depths 1+262-1+293 may conta in some induced v e r t i c a l f r a c t u r e s • ( V F ) . 

NOTE: 
< * ) REFER TO A T T A C H E D L E T T E R . 
( 1 ) I N C O M P L E T E CORE R E C O V E R Y — I N T E R P R E T A T I O N RE S E R VED . 

< * ) O F F L O C A T I O N A N A L Y S E S — N O I N T E R P R E T A T I O N O F RESL 

Thaw analyses, opinion* or Interpretations an baaed on observations and material* supplied by the client to whom, and tor whose exclusive and confldentla 
use. this report ls made. The Interpretations or opinions expressed represent the best Judgment of Core Laboratories. Inc. (all errors and omissions ex­
cepted) : but Core Laboratories, Inc.. and Its officers and employees, assume no responsibility and make no warranty or representations, as to toe productlvlt) 
proper operation, or profitableness of any oil, f at or other mineral well or sand in connection with which such report is used or relied upon. 



CABRESTO TIGHT GAS AREA - EXHIBIT #9 

PICTURED CLIFFS CORE ANALYSIS 

OPERATOR: ROBERT L. BAYLESS 
WELL: JIC 459 #5 
LOCATION: SESE SEC 19 T30N R3W 

TOP OF PICTURED CLIFFS = 3846 

ALL DATA USED IN THIS ANALYSIS IS >10tf POROSITY REPORTED FROM CORE ANALYSIS 

SAMF TOP BOTTOM FOOTAGE HORIZONTAL WATER 
NUM INTERVAL INTERVAL INTERVAL PERMEABILITY POROSITY SATURATION 

TOTAL 18 1.05 £15.5 
AVG 0.06 1£. 0 35. £ 

1 3849 3850 1 0. 03 10.9 66.5 
O 
L_ 

3B50 3851 1 0.06 13.6 67. £ 
6 3866 3867 1 0.0£ 11. 1 £2. 3 
10 3877 3878 1 0.08 13. 3 18.7 
11 3878 3879 1 0.09 13. 1 17.6 
12 3879 3880 1 0. 11 1£.9 25.0 
13 3881 388£ 1 0. 1£ 13.7 16.9 
14 3883 3884 1 0. 03 11.0 34. 2 
15 3885 3886 1 0. 12 13. £ 21.5 
16 3887 3888 1 0. 04 12. 4 41. 0 
17 389£ 3893 1 0.04 10. 7 40.5 
18 3894 3895 1 0.04 1£.8 26.6 
19 3897 3898 1 0. 03 11. 1 49. 1 
£0 3903 3904 1 0. 03 11.£ 54. £ 
d'cl 3911 391£ 1 0.04 10. 9 37.6 
£3 3913 3914 1 0.08 10.9 33. 3 
£4 3915 3916 1 0.06 1£. 4 18.4 
£5 39£3 39 £4 1 0. 03 10. 1 4£. 7 
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CABRESTO TIGHT GAS AREA - EXHIBIT #10 

PICTURED CLIFFS CORE ANALYSIS 

OPERATOR: EL PASO NATURAL GAS CO. 
WELL: GASBUGGY #1 
LOCATION: NESW SEC 36 T29N R4W 

TOP OF PICTURED CLIFFS = 3916 

ALL DATA USED IN THIS ANALYSIS IS >10* POROSITY REPORTED FROM CORE ANALYSIS 

SAMP TOP BOTTOM FOOTAGE HORIZONTAL WATER 
NUM INTERVAL INTERVAL INTERVAL PERMEABILITY POROSITY SATURATION 

TOTAL 49 8.40 600. 0 ££91.£ 
AVG 0. 17 12.2 46.8 

£5 3916 3917 1 0.01 12.6 44. 3 
£6 3918 3919 1 0.0£ 10. £ 58.8 
£7 3920 39£1 1 0.01 14.4 42.3 
£B 3922 39£3 1 0.07 13.8 42. 8 
£9 3924 39£5 1 0. 1£ 10. 0 53.0 
30 39 £6 39 £7 1 0.09 10. 6 48. 1 
31 3928 3929 1 0.01 13.5 4£. 1 
3£ 3930 3931 1 0. 17 13.0 37.8 
34 3934 3935 1 0.01 13. 8 34. 8 
35 3936 3937 1 0.01 13. 3 34. 6 
3& 3938 3939 1 0.0£ 10.3 56. 3 
37 3940 3941 1 0.01 10. 9 48. 6 
55 3977 3978 1 0.01 11.4 46.5 
61 3989 3990 1 0.07 11.4 58.8 
66 3999 4000 1 0. 0£ 10.0 55.0 
76 40£3 40£4 1 0.29 12.5 40.7 
79 4025 4026 1 0.23 10.7 £9.0 
83 4033 4034 1 0.£8 10.5 37. £ 
106 4082 4083 1 0. 45 12.5 46.4 
108 4086 4087 1 0.77 14. 3 37. 0 
109 4088 4089 1 0.01 10. 1 37.6 
113 4096 4097 1 0.04 10.0 59.0 
114 4098 4099 1 0.08 12. 1 56. £ 
119 4108 4109 1 0.01 10.6 67. 0 
1£2 4114 4115 1 0. 14 11.9 53.0 
1£3 4116 4117 1 0. 1£ 11.3 51.4 
125 4120 41£1 1 0.01 11.2 63.4 
1£6 41££ 41£3 1 0.01 11.0 64.5 
1£9 41£8 4129 1 0.01 11.8 58.5 
130 4130 4131 1 0. 19 10. 6 50. 0 
131 4132 4133 1 0.£9 12.0 55.8 
132 4134 4135 1 0. 14 12. 1 52. 1 
133 4136 4137 1 0.44 12.7 46. 4 
134 4138 4139 1 0. 10 11.5 57.4 
135 4140 4141 1 0. 15 11. 1 54.0 
136 414£ 4143 1 0. 14 12. 1 39.7 
137 4144 4145 1 0.70 13.0 42. 3 
138 4146 4147 1 0. 37 12.5 43.2 
139 4148 4149 1 0.84 14.3 51. 1 
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GAMP TOP BOTTOM FOOTAGE HORIZONTAL WATER 
NUM INTERVAL INTERVAL INTERVAL PERMEABILITY POROSITY SATURATION 

141 4152 4153 1 0. 43 12. 3 35.0 
142 4154 4155 1 0.45 18.9 38.8 
144 4158 4159 1 0. 22 12. 4 42.7 
145 4160 4161 1 0. 11 13. 1 42. 7 
146 4162 4163 1 0. 10 13.0 43. 1 
147 4164 4165 1 0. 02 11.4 43. 0 
148 4166 4167 1 0.02 11.9 42.8 
149 4168 4169 1 0. 15 16.0 35. 0 
150 4170 4171 1 0.22 14.9 38. 3 
152 4174 4175 1 0. 2£ 14.5 33. 1 
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Page No.. 5 

CORE ANALYSIS RESULTS 

t L PASO "NATURAL QAS COMPANY Formation_ 
Core Type_ 

Crimpany. 
^ : \ i ^ V : : . : -OAS BUGGY #1 

File. JtE=3=2lBCL 
D/C Date Report 3-10-67 

t .afgffi'ffifafl.'ARRIBA. $tl<e N.M. .. EICV. 
Drilling 'FJrjid___ 
•" Location 

QAS Analysts. STRICKLIN 

ovPtUM .HYP 

Lithological Abbreviations 
^ N U T O X r T r - A N H Y 

C O r * O L O M I R * T * - C O N O 

rasciLirEi tous-Foss 

S A N D Y - S O * 

• HAV.V - » H f 

L I M V * L M Y 

f l H I - F N 

M E D I U M - % t l D 

c o A R i r - c s t 

C R Y S T A L L I N E - X I N 

G R A I N >6( tN 

0 f t A M U L A rt • C N L 

I R O W N - U N 

O R A V - O Y 

V U G G Y - V O Y 

F R A C T U R E D . F R A C 

t , A H t M A T I O N - L A M 

S T Y L .0L I T I C * I T T 

• L K S H T L Y , « L . / 

v m v . v / 
W I T H - w / 

4uitt«a 

D t P J K I • . . ).-••• ' 
P C H U C A S 1 L I T Y 

P O R O S l T T 
- -RESIDUAL. S A T U R A T I O N 

P E * C E N T K M S A M P L E D E S C R I P T I O N 

4uitt«a • V « I T ' '. ' , ... 
M l L L I D A R C T S 

! - • K. 
P C R C S K T j r . , \ TOTAL. 

' 1 "WATER ' 
ANO R E M A R K S 

HORIZ. • VERT. 

I 56 > . l 3790-91 • 
^52.^3796-97" 
$^W3798-99 
»-6i^*|:3806o7 
v*2^,3809-10 
^63- ^* 3822-23 ' 

«-66f%l3836-37 
V67 ? V 3837-38 

u^|iv3638^39; 

*7*?: 3856-57s-. 

OoQl 
O o O l 

. O „ 0 1 
<O 601 
O o O l 
0ol2 

, 0 , 0 1 
o.i6 

O c01 . 
O . O I 
O . O I 
O.01 
.0.01 
O e 0 1 . 
O.OI; 
0 , 01 

" O 0 01. 

O . O I 
OoOl 
O . O I 
O . O I 
O 0 0 1 
0.01". 
O . O I 
OoOl 
OoOl 
O . O I 
O . O I 
OoOl-
O . O I 
O . O I 

- O . O I 
• o „ o i • 
O . O I 
•o.oi-. 
>0.6l :~ 

3.8 
2 0 5 
3.2 

11.1 
11.2 

3.2 
6,7. 
3o5 
UoU 
3.9 
I4.6 
l i . l 

. Lu2 
it.0 
2.9 
2.6 
2.0 

-3 .9 

o.o 
o.o 
OoO • 
i*.5 
6 02 
6.3 
0.0 

2,7 
17.9 
15O2 
12.2 
11.9 
12.5 
-0o0 

• 0.0 
0.0-

o.o 
> 0,0.' 

,.O.01 

^ : 1 ' ^ < 0 . G 1 ; " ' O . 0 1 ; . %8 "v'OiO " 
,01 O.01 '•<•: 3*6 :23i6, -
.pi- ^ ;o.o i^. : i ; 2.7, 
.01.;,>,*0.01 ^ U.ii 13ot;-f:-. 

''^^g&OT^t?/-;- 0.01: ;ooPi^. 12.-6 . I . * 
' $ ^ & ? & ^ C } : 0,02 -

. ve€iM#^i '^'<> e oi 

' Wm^9^i>W'. -o.t)9:; 

Ooor.; 3to.'i2-XOo*o .--V 

>Oo01^ -13.5^ 3<r? : : ; 

<.O.-0l"; :.-13.0 8.5 
•^oar^^7.?;:;5.6 

*>O.01 

Oo01>-. 10.3 3^)50 ^6.3 
0 , 0 1 " 10.9 0 . 0 . - ij8.6 

;. ,o.tii . ^od v Pbio ; : .62.3 

Ubiehi 

9l4e8 SLTT SH:ARGILL,LT GRY,CALC IN PT,KD,TIT£. 
96e0 SLTY SH :ARGILL,LT GRY,CALC IN PT,HD,TITE. 
90.7 SAUDI S L T J L T GRT.ARGILL,V/CALC,HD. 
9li.5 S S J L T BRN,FNGR,CALC,BANDED W/CARB MTL. 
90.7 SS.LT BRl̂ ,FNGR,CALC,BANDED W/GARB UTL. 
90.7 S S J L T BRN,FNGR,CALC,BANDED W/CARB MTL. 
98.6 SS.LT BRN,FNGR,CALC,BANDED W/CARB MTL. 

. 83.0 SSiLT BRN,FNGR,CALC,BA.KDED W/GARB MTL. 
6600 SSiLT BRN, FNGR, CALC, BANDED W/CARB MTL. 
71o8 SS:LT BRN,FNGR,CALC,BANDED W/CARB MTLc 
626h SSiLT BRN,FNQR,CALC,BANDED W/CARB MTL. 
68.2 SS tLT BRN,FNGR, CALC,BA NDED W/CARB MTL. 
66.8 S S J L T BRN,FNGR,CALC,BANDED W/CARB -MTL. 
70.1 SS :LT BRN,FNGR,CALC,BANDED W/CARB' MTL. 
82.6 SS tLT GRY,FNGR, S&P,SLI CALC,ARGILL IN PT. 
76 09. SS:LT GRY,FNGR,S&P,SLI CALC,ARGILL IN PT. 
90o0 SSiLT GRY,FNGR,S&P,SLI CALC,ARGILL IN PT. 
l k . h SSiLT GRYjFNGRjS&P.SLl CALC,ARGTJjLJIN PT. 

' 87 .0 SS t LT GRY, FNGR , S&P , S U CA LC, A RGILL'XN PT. 
88o0 SSJLT' GRY>FNGR,S2cP,SLI CALC,'ARGiLi; IN PT. 
8 l c 8 SStiT GRY,FNGR,S&P,SLI CALC,ARGI1L IN PT. 

.• 52^6 SS.LT GRT,FNGn,W/ABUT GARB SH PTNOS. .. 
89»0. SS ILT--GRT,FNGR,W/ABNT CARB SH PTNOS.- ' 
59,0 SSiLT BRN, FNGR,'W/k)TT CARB MTL, SAP * ARGILL. 
Ulj.3 SS .LT BRN,FNGR,W/MOTT GARB MTL,S&P,ARGILL. 

. 58.8.. SSiLT.BRN,FNGR,W/MOTT CARB UTLfS&F,ARGILL. 

.1^2.3 SS :LT BRN, FNGR,W/MOTT CARB MTL,S&P>ARGILL. 
^2 ,8 'i SS tLT GRI, FNGR, SLI CALC,S&P ARGILL, GLAU. 
- 53.0 SS tLT GBI,FNGR,SLI CALC,S&P,ARGILL,GLAU. 

. li8ol ~ S$ iLT GRY, FNGR, SLI CALC, S&P .ARGILL, GLAU. 
ii2.1 SSiLT GRY,FHGSiSLI CALC,S&P,ARGILLjOUU. 
37.8 SS $LT GRY,FNGR,SLI CALC,S&P,ARGILL,aUU. 
59.6 'SStDK BRN,MSD-CSE GR,N0N CALC,S&P,ARGILL. 

8 SSfLT GRY,FNGR,ARGILL,S&P,SLI CALC.* 
SSiLT 'QRY,FN3R,APJ3ILL,S&Pii5LI CALCv 
S S J L T GRY,FNQR,ARGILL,S&P,SLI CALC. -
SSiLT GRY,FNGR,ARGILL,S&P,SLI CALC. 
SS iLT GRY,FNGR,ARGILL,S&P,SI,I; CALC., - . 
SSiLT ORYjFNGR^RGILLjS&P/SLI.-.bALC*:: ' 

i t s , 'SsV» f i < l • M i - o B i t x n tmJ «OTplbye^/Jisij iTrftv,**. !*5pW«}iS1i(J s i x f p u i 
h ' o j T s l ' t l l T ' o l t ' M I n , ' « r t . . v - H I - i V - r ' ? ' ' • ' 

_ j v th< cJ ie t i t ' t f> - *ho tn . »nd for who tc .^e lus ive snd confdostf iU u>c 
:n t*4 I dCore l abo rs to r i cs , Inc . (a l l "»rror_. snd omisi ior i» , r * c * W « K l ) o u t 

f n & t no. wsr rsn ty or t<ttresentat in«t » J l * '" ...:->.-
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CA-20 C O R E LABORATORIES. INC. 
Petroleum ReseniotT Engineering 

D A L L A S . T E X A S 

Page No. 6_ 

CORE ANALYSIS RESULTS 

' Company 
: -VtVrll x-; /-GAB BOGGY #1 

%1 PASO NATURAL GAS COMPANY '• Formation. 

" ' Core Type. 
File. RP-3-2180 

r/jrjnry : T, RIO ARRIBA State . N.M. Kiev. 
Drilling Fluid GAS 

Date Report. 3-10-67 

Analysts 

.Location, 
• r. vr*;.- -

• M A L E - C H 

Lithological Abbreviations 
, D O L O M t T C - C O L 

. C N I I T . C H 

O V f l U U . « Y R 

A N H T O K ' T C - A H H V 

' C Q M G L O M t R A T r - C O N G 

^ o > s i L t r e w o u s . r o c s 

f A M O V - i C Y 

• N A L V - I M Y 

L I M Y - L K Y 

F I N ! < F N 

M C D I U M - M C O 

C O A R I I - C t E 

C f l Y J T A L L I K I - X L N 

G R A I N . C R N 

OR A N U L A R - C R N f . 

I R O W K • B R N 

G R A Y • O Y 

V U O O Y - V G Y 

F R A C T U R E D - F R A C 

L A M I N A T I O N . L A M 

S T Y L O L I T I C • » T Y 

• L t O H T L Y - « L . / 

V C K Y - V / 

W I T H - * # / 

MAM r u t . 

NUMBER 

D E P T H . P E P . M E A B I L I T V 

M I L L I D A R C Y S 

• ' X. • 

1 R E S I D U A L S A T U R A T I O N I 
P O R O S I T Y PER CENT PORE j SAMPLE DESCRIPT ION 

P E R C E N T O I L ! T ° T * L i A N D REMARKS 
1 - 1 WATER 1 

—r— — • ; R 

97 
98 
99 

100 
101 
102 
103; 

- 3916-117 
'39I48-J49 

,.v395o-5l 
; ̂ 3952-53 
'-•••3951̂ 55 ; 
'3956-57 
0958-59 

101*4^^96^61; 

107^3966-67 
108ffe,396d-69. 
109:-.w^971^72 '-. 

i i l^tW 397£-76* 
112^^3977*78 I; 
113 • ' ;3979-80, . 
l l l t i . .3981-82 

V ; . . „ -

117tt!l^7^88^ 
ll8 :̂i';i;3889^90;l 

HORIZ 
O o O l 
O . 0 1 
O . 0 1 
O . 0 1 • 
O o O l 
O o O l 
0 . 0 1 
O o O l 

0 * 0 1 
0 . 0 1 
O o O l 
0 . 0 1 
O o O l 
0 . 0 1 
O o O l 

OoG2 
O . 0 1 
0 . 0 1 

o^or-

VERT. 
O . 0 1 
O . 0 1 
O . O I 
O . 0 1 
O o O l ' 
O . O I 
O . 0 1 

; Oo-Ol 
OoOl 
OoOl 
O o O l 
O . 0 1 
0 . 0 1 
0 . 0 1 . 
0 . 0 1 
0 . 0 1 
0 . 0 1 

- 0 . 0 1 

V<6.01; 
;:o;oi 

: D ; O I 
O i O I 

5.5 
5.3 

.".7.1* 
. 7 . 3 
-7.3 

•408 
5o5 
5.0 
8.3^ 
9.0 
8.3 
U.0 
7.9 
6.0 
9.1 

11. k 
6.8 
5.9 
5.2 

' U. 6 
9.9 

11. k 0*07 
119c#;-v3.993^ : - p ^ ^ . 
120 -: ' ' ' ' • 
121: 
122^ :Lf 3997-98^ i ; - i ^ ^7^^=o ;o i - -9o7 
123 V: C^3999-li0O> • 0^2;:,? «0;oi :-10.0 
i2i^tA«arV02?r " : -

s£; : i ;3>93-9! .^ 8.I4 
l^;j : '.3>95^96|v^.;;^3i|^v<>^ v ;„ 8.1 

0.0 
0.0 
OoO 
OoO 
0.0 
0.0 
0.0 
0.0 
OoO 

o.d 
OoO 
0.0 , 
0.0 
0.0 
OoO 
0 .0 
0.0 
0 .0 
3.9 . 

:o.oj 
0.0 

• 2 0 1 . 
0.0 

.'. 0.0' . 
0.0 

:0.0 
1 2 U ^ $ W 
i25^^663^dl4^r ̂ .ncdvtxT;̂ '̂ ̂ i^pi^^i^^^ *6to>*:;: :6i0o 
126^^005-06 -rv-n-i*̂  ft * :: 'V * - ; • >.«>. « 

128: •-̂ 1̂*009-10 
12S>'"-; ^liOll-12\% 
130%:;: li013-lls* 
131^;H.14P15-16'-; 
132^ % ''1|0174## 
133 hoi9-2o' 
13U 1*021-22 -
I35v. VV I1023-2I1 
136^..' 1,025-26 ~ 
f; A::-'$lRVICi|r^OA 

-*C 4 'J**. . " ' j • ' • ' , ' A-' 

O . 0 1 
0.11 . 

- 0 . 0 8 ^ 
o*oi:.-, 

O o O i ; « 
o.oi 
>o.oi 
'. Ooll ' 
. 0.29 
.0 ,23 

o;oi 
Oc'Ol • 
0 . 0 1 
O . O I 
0 . 0 1 

• .0,01 
• 0 . 0 1 
OoOi 
0 . 0 1 

x0.12'j 
"OsGl; . 

. 8o3-
8.3 
9c9 

v.9.8 
8.3: 
5.91 

7.8 
8.9 
9.0 
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lt)07 

O.O 
: 6c0 

0 .0 
0,0 

' OoO 
-' o.o-
^ 0 o C 

OoO 
'OoO 

0 0 0 
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72 09 SSiLT GRY,FNGR,ARGILL,S&P,SLI CALC. 
71o8 S S J L T GRY,FNGR,ARGILL,S&P,SU CALC. 
67.5 SS tLT GRY,FNGR,ARGILL,S&P,SLI CALC. 
71 03 SSiLT GRI,FNGR,ARGILL,S&P,SLI CALC, 
76.7 SS:LT GRY,FNGR,ARGILL,S&P,SLI CALC. 
66.6 SStLT GRY,FNGR,ARGILL,S&P,SLI CALC. 
83.8 SSiLT GRI,FNGR,ARGILL,S&P,SLI CALC. 
66.0 S S J L T QRI,FNGR,ARGILL,S&P,SLI CALC 
66.1i SSiLT GRY,FNGR,ARGILL,S&P,SLI CALC. 
56.8 SStLT GRY,FNGR,ARGILL,S&P,SLI CAXC.-
6 l . 5 ' S S i L T GRY,FNGR,ARGILL,S&P,SLI CALC. 
82.5 SStLT GRY,FNGR,ARGILL,S&P,SLI CALC. 
65.9 SStLT GRY,FNGR,ARGILL,S&P,SLI CALC. -
73 0li SStLT GRI,FNGS,ARGILL,S&P,SLI CALC. , 
50.0 SStLT GRY,FNGR,AR3ILL,S&P,SLI CALC. 
Il6.5 SStLT GRY,FNGR,ARGILL,S&P,SLI CALC. 
611.5 SStLT.GRY,FlWR,ARGILL,S&P,SLI CALC. 
7lj.6. SStLT GRY,FNGR,ARGILL,S&P,SLI CALC. 
814.6 SStLT BRK,FNGR,SLTY,NON CALC,MICACEOUS•" ' 

: 71.9 SS tLT BRN, FNGR, SLTY,W/ABNT CARB SHALE. . •' 
63o7 ' SS tLf -GRY,FNGR,SLI CALC,S&P,SLI CALC. ' 
58.6 SStLT ;GRY,FNGR,SLI CAIC,S&P,SLI 'CALC. * V -
69.2 SStLT GRI,FNGR,SLI CALC,S&P,SLI G/LC. 
77.5 SStLT GRY,FNGR,SLI CALC,S&P,5LI CALC.-
59.3 SStLT GRY,FNGR,SLI CALC,S&P,SLI CALC. 
60.9 SStLT GRY,FNGR,SLI CALC,S6P,SLI CALC. • 

"55.0 SS tLT GRY,FNGR, S L I CALC,S&P,SLI •CALC.-
SStLT KiRY,FNGR,SLI CALC,S&P,SLT: CXtOtf^" 
SS tLT ORY,FNGR,SLI CALC, S&P,SU CALC. 

I47.O SStLT GRY,FNGR,SLI CALC,S&P,SU CALC. 
59.0 SS tLT ORY,FNGR, S U CALC, S&P,SLI CALC. 
iilo5 SStLT .GRY,FNGR,SU CALC,S&P,SLI CALC. 
35o8 SSiLT<GRI,FNGR,SLI CA.LCjS&P. 
1,2.2 ; SStLT GRY,FNGR,SLI CALC,S&P. 

• 56.0 SS 1LT.-GRY,FNGR,SLI CALC,S&P. 
; 51*.0 .'SS ;LT GRY,FNGR,SU CALC,S&P. -

•ii9.5 "SS.tLT GRY,FNGR,SLI CALC,S&P. « " 
Lj2.3 SStLT GRY,FNGR,SU CALC,S&P. 

4. UO, 7 SStLT. GRY, FNGR, SLI CALC,S&P. 
'29.0 'SS tLT -GRY,FNGR,SLI CALC,S&P. > t : ;,''••.• 

/ i ^ ^ ' ^ E S * WlyKS<^ii»nl^+n*rTt<rttMWi»i ixi hl»tii ^r<b"ter»»tk«» s*i'd rrtittri.li snpolied 
b:. ;sMs7rto7» is « > « V : T h e fetfrpretsfi^ns - - - - • — v . t..A ^ 

i Cox. Stsborstorfcs,; Inc. tni 

• n p i n i n w • « < « i n i i o . v i » a - » » v i » — ' r — - . — W - l h * <Iient to. whom, and. for whose exclusiYt snd confiBetiijsi urt.' i 
r)T«tsti*t>«or opinioris^xir*s»ed-T«i>r.s»m Ine pest judmehf <^CoTt'J-soorttorie^ Inc. (sit rrrors snd omlimons ixcew^f^put V • 
its prTicerj'SOd employees, ijsume pV^espoosibnity snd mske.no wsrrMtjr or^eprtw-ntAtions, ss to the Tiroductivity, proper osersttont. 



EXHIBIT #10 
Page 5 

CA-20 CORE LABORATORIES. INC. 
Petroleum Reservoir Engineering 

D A L L A S . T E X A S 
Page No.. 

CORE ANALYSIS RESULTS 

Ĉompany J L .PASO NATURAL GAS , COMPANY: Formation. 
•JBfeir' ' iQAS - BCGGY #1 f.v.:. ; Core Type_ 

File_ KP-3~2l80 : 

D/C 

i | ' ^ * I 0 ARRIBA ^ - r l i X - FW. 
GAS: 

Date Report 3-1^-67 • 
Analysts S T R I C K I J N 

_Location_ 

Lithological Abbreviations 
- S A M V O , 

S M J U » K - * H 

H O L J O M I T X . O O L 

'cum -c* -
C T P S U i l 

A N W V O R ( T K r A H t « V . 

C O X S L O N E K A T f . C O S C 

r o t l l L ' F C R O U C - f r o i s 

• A N O Y - S D Y 

• H A L T • S M Y 

L I M Y -

FINC-FN 
MEDIUM-MID 
coARsc-cac 

C R T t T A L U N C . X L N 

B R A I N - O R N 

I R O W N - B R N 

C R A Y - O Y 

F R A C T U R I O - F R A C 

L A M I N A T I O N - L A M 

« L i « H T L V - » L / 

V E R V - V / •' 

- O t f T N P E K M S A 8 I L I T Y ! POROSITY 

R E S I D U A L S A T U R A T I O N 

PER C E N T PORE S A M P L E DESCRIPT ION 

V i w K i t FEET .•: . 
. M I L L I D A R C Y S -" 

" | PER CENT O I L 
T O T A L 

WATER 

A N D REMARKS 

•138;: 

22t3%*> 

rlljD 
3J»7> 

, - HORIZ. VERT. 
'U027-28 0.28 -0 .05 

li029-30 0.12 - 0.01 
^031-32," 0.02 O . 0 1 

- Il033-3li ." 0.28, ' • O . 0 1 
: J<b35-36 . 0.12 O . 0 1 
;li037^38 . 0.02 o . b l 

I|039-1JO O . O i ; ' O . 0 1 
: JiOlil-12 O . O I "O.01 
; %"0li3-lii|- ' ^ 0 . 0 1 0 . 6 1 

- : Iibli5-ii6.. O . 0 1 O . O I 
l*0l*7-i*8 ; O . 0 1 OoOl 

i l .ol i9-5o o . o i - . 0 . 0 1 
, 3 ^ . ^ 1 , 0 5 1 - 5 2 . 0 . 0 1 * 0 . 0 1 

• r^ tS^^^053-51 i 3 " O . o i : - O . 0 1 . 
'15l?'v: Ir055-56 0 . 0 1 0 . 0 1 
152}"' 1*057-58 0 . 0 1 0 . 0 1 
153 14062-63 O . 0 1 O . 0 1 
ijpiV . ; .I4O6I4-65 . 0.05 OoOl 

, ^ 5 5 ^ ^ 6 6 6 - 6 7 ^ O . 0 1 O . O I 
^ S f e ^ hP6&%9 o . o i o . b l 
f : ^ : ^ 14071̂ 72 •; - -OoOl' O i O i 

'158- • li072-73 O . 0 1 O . O I 
159;, : lj07l4-75; -0o05 - 0 . 0 1 

- l iS0 | ^ : l 4076-77 " O . O I . O . 0 1 
V ^ 1 5 ^ ^ 0 7 8 ^ 7 9 " O . 0 1 : • O . O I 
> ; ^B6^^ ; l4080^8l O \ 0 1 OoOl-

%S%m,i}iQ$2-B3 .,- b.^5 0.15 
0 ^ ^ ^ 0 8 1 4 - 8 5 / % : 0 o 21 0.02 

^1;086r87 . 0.77 0.1$ 
• I4O88-89 OoOl- • 0 . 0 1 
: l j 09CVi91 0o07 OoOl 
?:t • : 14092-93 ' 0.08 O . O I 
iv:fc©9lj-95 : 0 . 0 1 OoOl 

I4096-97 ' O.Olt 0 . 0 1 
, VI4098-99 ' 0.08 , ; b0ol4 
v la00-0l 0.01 Ov 01 

lll02-O3 . 0.02 : 0.01 
U0li-05 0.33 O . O I 
Ijl06-07 Ooll O . 0 1 

:ljl08-09 

vi£7 

.170; 

v^L72" 
173 '•!• 

" 1714 V 

i75^ 

9.0 0.0 Ii3c3 SS :LT 
8.5 OoO 56.5 ss .LT 
3.8 0.0 65o9 ss :LT 

10.5 0c0'. 37.2 ss :LT 
8.7 OoO - 31 o l ss sLT 
6.2 ' OoO 37.8 ss :LT 
5.14 0.0 76.0 ss tLT 
3 .1 OoO - 93.6 ss. :LT 
5 .1 OoO 80.5 ss :LT 
3 .1 6.14 87o3 ss :DK 
1.8 0e0 914.5 ss SDK 
2.7 55.6 I4O.8 ss jDK 
2.8 '25.0 68.0 ss :DK 
7 . 1 16.9 79.0 ss tDK 
7.5 17o3 65.2 ss :DK 
3.2 28.1 65.5 ss sDK 
5.9 0 . 0 89.8 ss :DK 
7.I4 0„O 81.2 ss tLT 

3.1 8602 ss :LT 
.0.0 , 75.0 ss :LT 

5.6 % 0.0 r 91.0 ss :LT 
l j . 6 0.0 78,3 ss :LT 
5 . 1 - 0.0 88.14 ss :LT 
5.2 ; -0*0; 90.U ss :LT 
5.5 i , 0 .0 89.2 ss :LT 
7.7 0.0 76.6 ss iLT 

12.5 ; : I40O I46.I4 ss :LT 
,* 0.0 ^; • 59.8 ss iLT 

114,3 v 6.3 37oO ss JLT 
10.1 ,2 o 0 37.6 ss JLT 

9.5 2 .1 15.3 ss :LT 
7.8 0.0 - 60 oI, ss :LT 
6,8 2.9 '69o3 ss tLT 

10.0 2.0 59.0 ss iLT 
12.1 ' OoO ' 5602 ss :LT 
8.5 0.0 . 70.6 ss :LT 
8.9 2.2 67.5 S3 iLT 
8 0 1 0.0 69.2 ss tLT 
.9.1 0.0... . I42.8 ss :LT 

I 0 . 6 .'OoO.;:: "' '67.0 ss :LT . 0 . 0 1 , o ; t 
'^ERVICK #5-A. 

^ v S ^ t s « ' s H s l » i t ' » , oplnon* or iiiterpr'stations sr«, DSst4«n'oJt>strvstioiTs/sJiiJ msitrials 
'<>- • - " Jlfcts Tfriort.is nisac. The imrnrretations or Clintons ^pressed represent the .test j 
• ' i ^ % '4jOTt l<sbor»toriei. Inc. snd its officers and employee.,, sstumt Jio feSnopsibility 

GRI,FNGR,SLI CALC,S&P. 
GRY,FNGR,SLI CALC,S&P. 
0RY,FKOR,SLI CALC,S&P. 
GRY,FNGR,SLI CALC,S&P. • 
GRY,FNGR,SLI CALC,S&P. 
GRI, FNGR,SLI CAXC,S£J>. 
GRY,FlvGR,SLI CALC,S&P. 
GRY,FNGR,SLI CALC,S&P. • 
GRY,FNGR,SLI CALC,S&P. • " 
GRY, V/FNGR,SLTY,W/SM SH PTNGS. . • 
GRY,V/FNGR,SLTY,W/SM SH PTNGS. 
GRY,V/FNGR,SLTY,<CARB SHALE OIL). 
GRY,V/FNGR,SLTY f{CARB SH.OIL). 
GRY,V/FNGR,SLTY,(CARB SHALE OIL) . 
GRY,V/FNGR,SLTY,(CARB SHALE OIL). 
GRY,V/FNGR,SLTY,(CARB SHALE OIL). 
GRY,FNGR,SLTY THU 0UT,W/CARB PTNGS. 
GRY,FNGR,SLTY,S&P,SLI CA LC. 
GRY,FNGR,SLTY,S&P,SLI CALC. 
GRY,FNGR,S&P,SLI CALC. " ^ 
GRY,FNGR,S&P,SLI CALC. • 
GRY,FNGR,S&P,SLI CALC. . 
GRY,FNGR,S&P,SLI CALC. 
GRY,FNGR,S&P,S L I CA LC. 
GRY,FNGR,S&P,SLI CALC. 
GRY ,FNGR,S&P,SLI CALC. . 
GRY,FNGR,S&P,SLl CALC. 
GRY,FNGR,S&P,SLI CALC. 
GRI,FNGR,S&P,SLI CALC,W/0CC 1SED SD. 
GRY,FNGR,S&P,SLI CALC,W/0CC JIED SD. 
GRY,raGR,S&P,SLI CALC,W/0CC MED SD. 
GRY,FNGR,S&P,W/SU CARB SH STGS. 
GRY,FNGR,S&P,SLI CALC. 
GRY,FNGR,S&P,SLI CALC 
GRY,FNGR,S&P,SLI CALC. 
GRY,FNGR,S&P,SLI CALC. 
GRY,FNGR,S&P,SLI CALC. 
GRY,FNGR,S&P,SLI CALC. 
GRY,FNGR,S&P,SLI CALC. 
GRY,FNGR,S&P,SLI CALC. 

*upplic(t t>y the client to whom, and for vhoae •xcJusiye and confident!*] use, 
judgment1 6 l . Cor* , laboratories, Inc. (mil errors and otnisstont excepted) ; 4 but 
and make warranty or reprefrntatimis^ a» to the productivity, proper operations, 

1 t n r l t r u i f i r t is- n i . / l r . l l . / l , i r . / , i i 





CABRESTO TIGHT GAS AREA - EXHIBIT #11 

SUMMARY OF PICTURED CLIFFS CORE ANALYSIS DATA 

NOTE: 
ALL DATA USED IN AVERAGE IS > 10-/ POROSITY FROM INDIVIDUAL PICTURED CLIFFS CORE ANALYSIS 

FOOTAGE PERMEABILITY POROSITY WATER SATURATION 
WELL USED TOTAL AVG TOTAL AVG TOTAL AVG 

CONOCO 29-4 #7 35 4.08 0. 12 411. 3 11.8 2069.0 59. 1 

SCHALK £9-4 #6 59 92.39 1.57 682.2 11.6 £401.9 40.7 

JIC 459 #5 IB 1.05 0.06 215.5 12.0 633. 3 35.2 

GASBUGGY #1 49 8.40 0. 17 600.0 12.2 2291.2 46.8 

ALL WELLS 161 105.92 0.66 1909.0 11.9 7395.4 45.9 

AVERAGES: 

AVERAGE LABORATORY PERMEABILITY: 0.66 Rd 

AVERAGE POROSITY: 11.9 % 

AVERAGE WATER SATURATION: 45.9 % 



CABRESTO TIGHT GAS AREA - EXHIBIT #12 

Effect of Overburden Pressure and Water 
Saturation on Gas Permeability of Tight 
Sandstone Cores 
Rex D. Thomas, SPE-AIME, U.S. Bureau of Mines 
Don C. Ward, SPE-AIME, U. S. Bureau of Mines 

Introduction 
Research on the potential of nuclear explosions to 
stimulate pas production from row-permeability 
(tight) sandstone reservoirs is being conducted by the 
U. S. Bureau of Mines in cooperation with the Atomic 
Energy Commission. This report describes the part of 
that research that was conducted to establish correla­
tion between permeability measured on dry cores at 
low external pressure (routine analysis) and permea­
bility at reservoir conditions. 

Cores used in this research were obtained from two 
Plowshare pas-stimulation projects. Project Gasbuggy 
cores from the Pictured Cliffs formation. Choza Mesa 
field. Rio Arriba County, N. M., can be described as 
very fine grained, slightly calcareous, well indurated 
sandstone. Project Wagon Wheel cores from the Fori 
Union formation, Pinedale field, Sublette County, 
Wyo.. can be described as very fine grained, slightly 
calcareous, very well indurated sandstone. 

Underground reservoirs are under considerable 
compressive stress as a result of the weight of overly­
ing rocks (offset somewhat by internal-fluid pressure). 
The resultant net confining pressure or effective over­
burden pressure is referred to in this report simply as 
overburden pressure. The resulting effects on the phy­
sical properties of the reservoir rock have been 
studied.' ' Overburden pressure causes only a small 
decrease in porosity, which can usually be ignored.'" 
This was confirmed for Project Gasbugpy and Project 
Wagon Wheel cores. A commercial laboratory found 
that the porosity of these cores is reduced by about 5 

percent of the original porosity. The effect of over­
burden pressure on permeability, however, is appre­
ciable and varies considerably for different reservoir 
rocks.'- causing greater reductions in permeability 
for low-pcrmcabiliiy rocks. : > The effect of overbur­
den pressure on relative permeability has been found 
to be small' or nonexistent.'' 

This report presents material that confirms and ex­
tends previous research findings on the effect that 
overburden pressime)has upon the permeability of dry 
cores. Also presented are the results of research on 
the relative gas permeability of low-permeability 
cores under overburden pressure. 

Apparatus and Procedure 

Cylindrical cores 2.0 to 7.5 cm lone and 2.5 cm in 
diameter were cut parallel to the bedding plane. After 
the cores were dried overnight in a vacuum oven (4.5 
psia, 70 ;C). the gas (N.) permeability of each core 
was measured in a Hassler cell. An external pressure 
of 100 psi over the inlet pressure was used to main­
tain a pood seal between the rubber sleeve and the 
core.* Permeability was measured at inlet pressures of 
45, 60, and 100 psia. with atmospheric pressure at 
the outlet. A bubble rube and timer were used to 
measure gas flow rate. Initial permeability (A,) then 
was calculated by the Klinkcnbcrg technique lo cor­
rect for the effect of gas slippage. All other permeabil­
ities reported here were calculated by this method. 

In the same manner, permeability was measured at 

Research conducted to determine the potential of nuclear explosions to stimulate gas 
production verifies that the gas permeability of tight sandstone cores is markedly decreased 
with increasing overburden pressure. Water saturation also reduces the gas permeability 
by a large amount. The relative permeability, however, does not change significantly 
with overburden pressure. 

50 



increasing externa] pressures of about 500, 1,000, 
2.000. 3.000, 4.000. 5.000, and 6,000 psi. External 
pressures actually were somewhat higher to compen­
sate for internal pressure. The core and staniless steel 
end pieces were placed in a rubber sleeve (piece of b i ­
cycle innertube) 0.1 cm thick. Rubber cement was 
used to seal the stainless steel end pieces to the rub­
ber sleeve. Shrinkable plastic tubing proved unsatis­
factory because high pressure was required to seal the 
core. The jacketed core was mounted in a high-
pressure cell with distilled water as the external fluid. 

Cores used in relative permeability studies were 
first subjected to high external pressure and then 
allowed lo recover Iheir initial permeability. Bulk 
volume, dry weight, and porosity were measured by 
conventional gas-expansion techniques. Cores then 
were subjected to a vacuum (0.3 psia) for 2 hours, 
immersed in water, and allowed to stand under a 
vacuum overnight. The cores were weighed and again 
subjected to vacuum overnight and weighed again to 
assure complete saturation. Most of the cores were 
completely saturated after one night. Porosity values 
calculated on the basis of water saturation are in good 
agreement with those measured by conventional gas-
expansion techniques. 

Water in the core was allowed to evaporate at at­
mospheric conditions to a saturation of about 70 per­
cent and the core was placed in the holder for* 2 hours 
under external pressure (100 psi above inlet) only so 
the water saturation was uniform. Gas permeability 
then was measured at three inlet pressures between 
30 and 100 psia with atmospheric pressure at the 
outlet. This procedure was repealed for decreasing 
water saturations at the same external pressure. Af ter 
the permeability was measured the core was weighed 
lo determine if any water was lost. In all cases the 
amount lost was negligible. Af ter the core was dried 
in a vacuum oven, the gas permeability at this ex­
ternal pressure was measured. The procedure was re­
peated for external pressures of 3.000 and 6.000 psi. 

Results a n d D iscuss ion 
Effect of Overburden Pressure on Permeability 
Core number, length, porosity, and initial permea­
bility of the cores used in this research are shown in 
Table 1. The core number refers to the depth in feet 
at which the core was obtained. Typical plots of the 
effect of simulated overburden pressure on Gasbuggy 
cores are shown in Fig. 1. The permeability is de­
creased by about 75 percent at an overburden pres­
sure of 3,000 psi and by 90 percent at 6.000 psi. The 
hydrostatic loading used in these experiments does 
not reproduce subsurface conditions exactly; in an 
actual reservoir the horizontal component of stress is 
usually less than the vertical component. Since the 
actual loading is not known, this method probably is 
as realtistic as any other. Cores that contain micro­
fractures are affected lo a greater extent, as shown in 
Fig. 2. In these cores the permeability is decreased by 
about 95 percent at a simulated overburden pressure 
of 3,000 psi, with most of the reduction occurring be­
low 2.000 psi. 

The data shown in Table 1 and Figs. 1 and 2 were 
obtained by subjecting the core to successive incre-

1.000 2 .000 3.000 4 XXX) SjOOO fcjDOO 

P R E S S U R E , p i i 

Fig. 1—Effect of overburden pressure on 
gas permeability of Gasbuggy cores. 

P R E S S U R E , p n 

Fig. 2—Effect of overburden pressure on gas 
permeability of fractured Gasbuggy cores. 

PRESSURE, p i . 

pig. 3—Hysteresis effect at decreasing 
confining pressures. 

SI 



TABLE 1—EFFECT OF OVERBURDEN PRESSURE ON GAS PERMEABILITY 

EHective Overburden Pressure (psi): 

*.t 

500 1.000 2.000 3.000 4.000 5.000 6.000 

Core 
Number* 

length 
(cm) 

Porosity 
(percent) *.t 

500 

Permeability (md) 

Cubufxjf 

3927 2.1 8.1 0.076 0.053 0.040 0.024 0 0175 00132 0.0105 0.0095 
3928 7.5 8.3 0.037 0.031 0.024 0015 0.0093 0 0059 00046 0.0035 
3978 2.1 8.2 0.151 0.118 0.078 0.052 0.036 0.024 0.0175 0.0132 
4113" 2.1 10.1 1.75 1.16 0.602 0.252 0.113 0.068 0.042 0.029 
4134" 2.1 11.6 0.10 0.046 0.029 0.0153 0.0095 0 0065 00055 0.0047 
4146" 7.5 11.6 2.40 1.73 1J2 0.31 0.14 0.069 0.052 0.022 
4147" 7.5 11.3 0.60 0247 0.181 0.071 0.034 0.0186 00118 0.0082 
4158 2.1 13.6 1.59 1.06 0.80 0.35 0.225 0.152 0 116 0.100 

Waton Wheel 

8084 3.8 7.7 0.028 0022 0.020 0.010 0 0070 0.0047 0 0035 0 0030 
8122 3.8 114 0.071 0.055 0.048 0.034 0.027 0024 0 021 0.019 
8975" 3.8 8.7 0.039 0.029 0.024 0 0114 0.0073 0 0048 0.0032 0.0025 

10156 3.8 8.5 0.088 0.067 0.051 0.032 0.025 0.022 0.018 0.016 
10990" 3.8 9.0 0.048 0.020 0.0175 0.0080 0.0050 0.0040 0.0025 0.0019 

' N u m b e r d e n o t e l d e p t h In f«c t . 

• • S l i f h l l y I rec lu red . 

• I n i t i a l pe rmeab i l i t y . 

mental increases in exlemal pressure. The core was 
assumed to be in equilibrium at each pressure when 
permeability measurements remained constant for 15 
minutes, which required between 1 and 2 hours. A 
period of 30 minutes to an hour was required to at­
tain equilibrium when the inlet pressure was changed. 
Consequently, each exlemal pressure was maintained 
for a minimum of 2 hours. 

The effect of decreasing external pressure was de­
termined on a few cores, and typical results are shown 
in Fig. 3. Other researchers-1 have observed and 
shown that this hysteresis is mainly dependent on the 
stress history of the core. Cores generally recover their 
original permeability after 3 to 6 weeks at atmospher­
ic conditions. This time could be shortened by storing 
the core in an oven at 70°C. 

The effect of overburden pressure on the permea­
bility of cores Irom Project Wagon Wheel is similar 
to that on cores from Project Gasbuggy. and typical 
results are shown in Fig. 6. The permeability is de­
creased to about 30 percent of initial permeability at 
an overburden pressure of 3,000 psi and to 20 per­
cent at 6.000. 

A study of the data in Table 1 indicates that the 
original porosity of the core and the reduction in per­
meability caused by overburden pressure arc not re­
lated. Pore structure (fractures to uniform pores) is 
probably the governing factor. 

Water Saturation Effects 

The data in Table 2 show that the permeability de­
creased wilh increasing water saturation. The values 
at 20-, 40-, and 60-percent water saturation were 
obtained from individual relative-permeability curves 
for Gasbuggy and Wagon Wheel cores. Relative-
permeability curves for three cores from Project Gas­
buggy are shown in Fig. 4 with the data points for 
Core 3978. Data points were omitted for the other 
cores to avoid confusion. This figure shows that al­

though gas permeability is reduced, the relative gas 
permeability of Gasbuggy cores is not significantly af­
fected by increased overburden pressure. This con­
clusion is in agreement with the results of others.' " 

Extremely low values of permeability that resulted 
from water saturation and overburden pressure re­
quired that either long flow times or high inlet pres­
sures (high differential across the core) be used. Since 
a high inlet pressure increases the end effects by 
changing the distribution of water in the core, long 
flow times were required. Although end-effect prob­
lems were encountered with the short cores (Cores 
3978 and 4158). the permeability of these cores was 

TABLE 2 — EFFECT OF OVERBURDEN PRESSURE AND 
WATER SATURATION ON GAS PERMEABILITY 

Waler Saturation (percent) 0 20 40 60 

Core Pressure 
Number (psO Permeability (md) 

Gasbu£gy 

3927 100 0.115 0 099 0041 0.0023 
3927 3.000 0026 0023 0009 0 0005 
3927 6.000 0.012 0.010 0 003 0 0007 
3978 100 0112 0 080 0.034 0011 
3978 3.000 0036 0.026 0 011 0 004 
3978 6.000 0 013 0 009 0 004 00013 
4158 100 0 447 0.335 0.156 0045 
4158 3.000 0.075 0.056 0.026 00074 
4158 6.000 0.027 0.020 0.010 0.0026 

Waton Wheel 

8084 100 0038 0030 0014 00042 
8084 3.000 0012 0 0096 00043 00013 
8084 6.000 0.0070 0.0056 00025 0.0008 
8122 100 0074 0.054 0.017 0.006 
8122 3.000 0.027 0.020 0.008 0.002 
8122 6.000 0.0.""b 0.015 0 006 0.002 

10156 100 0.100 0074 0.029 0.003 
10156 3.000 0.028 0.020 0.008 orjoos 
10156 6.000 0.017 0.013 0.005 0.0005 
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high enough lo yield reasonable results. Permeabil­
ity measurements for Core 4161 (7.5 cm long, 0.053 
md) required more than 2 hours per reading. These 
extremely long flow times can cause errors. 

End effects, long flow times, and changes in per­
meability due lo water saturation tend to decrease the 
accuracy of permeability measurements, especially at 
Ihe higher water saturations. 

The initial permeability of many of the dry cores 
used in this research was not reproducible fol lowing 
saturation and drying. The changes probably were 
caused by solution of material in the pores and by 
particle movement. These caused both increases and 
decreases in permeability. The variation, although 
sometimes large, usually was less than 5 percent; 
however, we feel that the relative permeability curves 
are essentially correct. T o eliminate the effects of 
solution and particle movement, the permeability of 
the dry core following saturation, rather than the per­
meability initially measured, was used in calculating 
relative permeability. 

A composite of the relative permeability curves for 
Gasbuggy cores is shown in Fig. 5. These curves are 
representative of permeabilities encountered in this 
formation. At a water saturation of 50 percent, the 
relative permeability of the cores ranges from 15 to 20 
percent and is not affected by overburden pressure. 

Similar results were obtained on cores from Project 
Wagon Wheel, as shown in Table 2 and Fig. 6 with 
data points for Core 8122. These cores were cut to a 
length of 3.8 cm to alleviate some of the long flow 
time and end-effect difficulties encountered with Gas­
buggy cores. These curves arc representative of the 
permeabilities encountered in the formation. A t a 
water saturation of 50 percent, the relative permea­
bility of these cores ranges from 12 to 21 percent. The 
data in these figures show, as do the data f rom Gas­
buggy cores, that relative gas permeability is not signi­
ficantly affected by increased overburden pressure. 

Correlation with Nuclear Stimulation Projects 

Many of the basin areas of the Rocky Mountain re­
gion consist of thick, low-permeability sandstones 
containing large quantities of natural gas. This type 
of reservoir has been the object of the AEC's Plow­
share Program experiments. Projects Gasbuggy and 
Rul ison, and proposed Projects Wagon Whee l , 
WASP, and Rio Blanco. Because most wells in these 
reservoirs have not been commercial, only l imited 
reservoir-analysis and production-test data are avail­
able. Reservoir analysis is most difficult because low 
permeability requires long-term testing. Also, it is 
difficult to determine permeability and net pay f rom 
these tests. Knowledge of the gas permeability is ne­
cessary in predicting gas recovery, and because it is 
not economical to define the characteristics of differ­
ent strata by well test, it is desirable to be able to re­
late laboratory-measured permeability to the true in -
situ permeability. ' 

Conventional analysis by a commercial laboratory 
(confirmed in our laboratory) of about 200 Gasbuggy 
cores gave an average initial gas permeability of 0.16 
md on dry cores and an average water saturation of 
48 percent. The effective overburden pressure of this 

1.000 2.000 3.000 «P00 1.000 6.000 

PRESSURE. P" 

Fig. 4—Effect of overburden pressure on 
gas permeability of Wagon Wheel cores. 

WATER SATURATION, percent 

Fig. 5—Relative gas permeability of Gasbuggy cores. 

100 

WATER SATURATION, percent 

Fig. 6—Relative gas permeability of Wagon Wheel cores. 
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reservoir is about 3,000 psi. From Fig. 1, the reduc­
tion factor resulting from the overburden pressure is 
0.25, and the reduction factor for a water saturation 
of 48 percent (Fig. 5) is 0.20; thus the total reduction 
is 5 percent of the initial permeability, or 0.008 md. 
This value compares favorably with permeability de­
terminations of about 0.01 md from both preshot and 
postshot flow testing at Gasbuggy. The gas reservoir 
at Project Rulison is similar to that at Gasbuggy, hav­
ing an average initial dry permeability of 0. II md 
and an average water saturation of 45 percent. Simu­
lated in-situ permeability has not yet been measured 
in the laboratory on Rulison cores; however, using an 
effective overburden pressure of 5,000 psi and curves 
of Gasbuggy core data (Figs. 1 and 5), the reduction 
factor because of overburden pressure would be 0.12 
and that for water saturation 0.24. This results in a 
combined reduction to 3 percent of the initial per­
meability, or 0.003 md. Postshot production testing 
at Rulison is not complete, and die only preshot deter­
mination of permeability was made from tests of a 
32-ft isolated zone that gave an average value of 
0.008 md. No cores are available from this zone. Ru­
lison reservoir rock is said to be less compressible 
than that of Gasbuggy; therefore Gasbuggy pressure-
effect data would be expected lo indicate a greater 
reduction for Rulison than actually exists. 

The average initial permeability of dry Wagon 
Wheel cores is 0.068 md, with an average water 
saturation of 50 percent. An estimated effective over­
burden pressure of 3.000 psi gives a reduction factor 
of 0.28 (Fig. 4). Water saturation further reduces 
permeability by a factor of 0.18 (Fig. 6). Therefore, 
the total reduction in permeability is to approximately 
5 percent of the initial permeability, or 0.0034 md. 

O r i g i n a l manuscr ip t received i n Soc ie ty of P e t r o l e u m E n g i n e e r * 
o f l i c e June 16. 1971. Revised m a n u s c r i p t rece i ved Dec. 20 . 1 9 7 1 . 
Paper (SPE 3634) w « l presented at SPE 46 th A n n u a l Fa l l M e e t i n g , 
he ld I n New Orleans. Oct. 3 6. 1971 . 

This value can be used to predict postshot gas re­
covery from the proposed Wagon Wheel experiment. 

Cores are not yet available from Projects Rio 
Blanco and WASP. 

Conclusions 

The gas permeability of tight sandstone cores is 
markedly decreased wilh increasing overburden pres­
sure. Most of the decrease takes place at pressures to 
3,000 psi. At 3,000 psi, the permeability of unfrac-
tured samples ranges from 14 to 37 percent of the 
initial permeability. In fractured samples, permea­
bility may be reduced to as low as 6 percent of initial 
permeability. 

Waier saturation also reduces the gas permeability 
greatly; however, the relative permeability does not 
change significantly with overburden pressure. 

Permeability calculated from laboratory results arc 
in good agreement with in-situ permeabilities deter­
mined from production lest data. Although not con­
firmed, predictions for other projects appear to be 
reasonable. 
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CABRESTO TIGHT GAS AREA - EXHIBIT NO. 13 

DETERMINATION OF IN SITU FORMATION PERMEABILITY 
FROM LABORATORY CORE ANALYSIS DATA 

The r e l a t i o n s h i p needed to determine i n s i t u p e r m e a b i l i t y from 

l a b o r a t o r y core a n a l y s i s data i s pu b l i s h e d i n a t e c h n i c a l paper by Rex D. 

Thomas and Don C. Ward e n t i t l e d " E f f e c t of Overburden Pressure and Water 

S a t u r a t i o n on Gas P e r m e a b i l i t y of T i g h t Sandstone Cores", which i s 

presented as E x h i b i t No. 12. The au t h o r s ' s t u d i e s i n v o l v e d t a k i n g r o u t i n e 

l a b o r a t o r y a i r p e r m e a b i l i t y measurements at the normal 100 p s i or less 

e x t e r n a l pressures. To s i m u l a t e the e f f e c t of i n s i t u c o n d i t i o n s , these 

p e r m e a b i l i t y measurements were then made at e x t e r n a l pressures ranging from 

500 to 6000 PSI. The r e s u l t s of these t e s t s were then p l o t t e d on a graph 

of Percent of I n i t i a l P e r m e a b i l i t y ( r a t i o of p e r m e a b i l i t y at 100 p s i to a 

p e r m e a b i l i t y at a higher pressure) vs. Pressure. 

Figure 1, on page 51 of E x h i b i t No. 12, i s one such graph which 

presents r e s u l t s of t e s t s run on cores taken from the P i c t u r e d C l i f f s 

f o r m a t i o n . These cores were taken from P r o j e c t Gasbuggy, l o c a t e d i n Choza 

Mesa P i c t u r e d C l i f f s f i e l d , T28-29N, R3-4W, Rio A r r i b a County, New Mexico. 

These Gasbuggy cores are taken from w e l l s w i t h i n the Cabresto T i g h t Gas 

Area. I n f a c t , one of the core a n a l y s i s presented i s from a w e l l used i n 

t h i s study. T h e r e f o r e , cores from the P i c t u r e d C l i f f s f o r m a t i o n from the 

Gasbuggy area used i n t h i s study should be r e p r e s e n t a t i v e of the cores 

from w e l l s i n the Cabresto T i g h t Gas Area. 

The average l a b o r a t o r y a i r p e r m e a b i l i t y f o r the P i c t u r e d C l i f f s w e l l s 

analyzed f o r the Cabresto T i g h t Gas Area i s 0.66 m i l l i d a r c y . This value 

most c l o s e l y compares to the l a b o r a t o r y p e r m e a b i l i t y value of 0.151 

m i l l i d a r c y f o r core 3978, as presented i n Figure 1 of E x h i b i t No. 12. The 

c h a r a c t e r i s t i c s of core 3978 are considered to best resemble the P i c t u r e d 

C l i f f s f o r m a t i o n i n the Cabresto T i g h t Gas Area. 

The net c o n f i n i n g pressure due to overburden at a depth of 3715 f e e t i n 

the Cabresto T i g h t Gas Area i s appro x i m a t e l y 2800 p s i . E n t e r i n g the graph 

i n Figure 1 at 2800 p s i r e s u l t s i n a p e r m e a b i l i t y r e d u c t i o n f a c t o r of 0.23 

which i s caused by the overburden pressure on the P i c t u r e d C l i f f s 

f orma t i o n . 



The water present i n the r e s e r v o i r also causes the i n s i t u 

p e r m e a b i l i t y to be les s than the l a b o r a t o r y determined p e r m e a b i l i t y as 

discussed i n E x h i b i t No. 12. The 0.23 p e r m e a b i l i t y r e d u c t i o n f a c t o r 

r e s u l t i n g from overburden pressure was determined from cores having 100% 

gas s a t u r a t i o n . Figure 5 on page 53 of E x h i b i t No. 12 i n d i c a t e s r e l a t i v e 

p e r m e a b i l i t y changes t h a t occurred w i t h changes i n water s a t u r a t i o n w i t h i n 

the sample cores. For the P i c t u r e d C l i f f s cored w e l l s w i t h i n the Cabresto 

T i g h t Gas Area, the average core water s a t u r a t i o n was 46%. E n t e r i n g Figure 

5 at 46% water s a t u r a t i o n r e s u l t s i n a p e r m e a b i l i t y r e d u c t i o n f a c t o r of 

0.23 f o r i n s i t u water s a t u r a t i o n . 

The t o t a l p e r m e a b i l i t y r e d u c t i o n f a c t o r used on l a b o r a t o r y core data to 

approximate r e s e r v o i r c o n d i t i o n s i s obt a i n e d by m u l t i p l y i n g the overburden 

r e d u c t i o n f a c t o r by the water s a t u r a t i o n r e d u c t i o n f a c t o r . This product i s 

0.05 f o r the P i c t u r e d C l i f f s w e l l s analyzed. T h e r e f o r e , the i n s i t u 

p e r m e a b i l i t y f o r t h i s w e l l i s 5% of the 0.66 m i l l i d a r c y l a b o r a t o r y 

determined p e r m e a b i l i t y or 0.035 m i l l i d a r c y . 

The r e s u l t i n g 0.035 m i l l i d a r c y i n s i t u p e r m e a b i l i t y obtained f o r the 

Cabresto T i g h t Gas Area compares f a v o r a b l y w i t h the o v e r a l l r e s u l t s of the 

200 Gasbuggy cores described by the U.S. Bureau of Mines study. The i n 

s i t u p e r m e a b i l i t y of the 200 cores i n the Gasbuggy study was determined to 

be 0.008 md. 



CABRESTO TIGHT GAS AREA - EXHIBIT #14 

CALCULATION OF FORMATION PERMEABILITY USING DARCY'S LAW 

DARCY'S LAW: 

Qg = i3. 703 kh (Pe Pwf*") 
(1000) Ug T Z In(0.61 re/rw) 

or 

k = Qg Ug T Z In(0.61 re/rw) (1000) 
0.703 h (Pe"1" - Pwf L) 

where 

k = unstimulated in s i t u permeabi1ity of formation - mi 11idarcies 
Qg = gas flowrate - MCF/day 
Ug = average gas viscosity - calculated to be 0.0125 centipoise 
T = bottoB hole temperature - 135 degrees F, 595 degrees R 
Z = average gas compressibility factor - calculated to be 0.925 

re = drainage radius for 160 acre spacing - 1489 feet 
rw = wellbore radius - 0.17 feet 
h = net pay height - feet 
Pe = bottom hole pressure at drainage radius re - average of 1175 psi 

Pwf = flowing bottom hole pressure - assumed equal to bottom hole atmospheric - 14 psi 

Natural Production Test Well: 

Robert L. Bayless 
J i c a r i l l a 31-3-32 #1 
NWSW Sec 32 T31N R3W 

Calculated flowrate Q = 22.0 MCFD 
Net pay height h = 78 perforated feet 

k = (22.0)(0.0125)(595)(0.925) In(0.61*(1489/0.17))(1000) 
(0. 703) (78) CH^SMA7-) 

k = 0.017 

note: This calculation assumes a l l 78 feet of pay is contributing gas. 


