
i 

! PETROLOGIC I N V E S T I G A T I O N OF THE 
! GALLUP FORMATION IN THE 
' MALLON O I L COMPANY 
! DAVIS FEDERAL 3 -15 

RIO ARRIBA COUNTY, NEW MEXICO 

EEFORE THE 
/ N O V A T I O N COMMISSION 
Sa:::c K% N'ew Msxko. 

" z l L ^ J ^ ^ t No._ 

TerraTek 
Terra Tek Core Services 

University Research Park 
360 Wakara W'av 

Salt Lake Citv. Utah 84108, U.S.A. 



RESERVOIR POTENTIAL AND SENSITIVITY 

The l a c k o f m a t r i x p o r o s i t y i n the sandstones o f the G a l l u p 

Formation i n d i c a t e s t h a t p r o d u c t i o n from the cored i n t e r v a l must 

come from the l a r g e , open or p a r t i a l l y f i l l e d f r a c t u r e s t h a t 

c h a r a c t e r i z e t h i s zone. Some a d d i t i o n a l p r o d u c t i o n c o u l d 

c e r t a i n l y r e s u l t from t he abundant m i c r o f r a c t u r e s r e v e a l e d by 

f l u o r e s c e n c e microscopy, a l t h o u g h the i n f l u e n c e o f these 

f r a c t u r e s may be m i n i m a l under r e s e r v o i r c o n d i t i o n s . As i s the 

case w i t h many Cretaceous r e s e r v o i r s , o t h e r l o c a t i o n s may 

encounter these G a l l u p sandstones where c a r b o n a t e c e m e n t a t i o n i s 

not q u i t e so p e r v a s i v e . U n f o r t u n a t e l y , we do not have t h e means 

to make any a c c u r a t e p r e d i c t i o n s at t h i s t i m e . 

R e s e r v o i r t r e a t m e n t w i t h s t r o n g a c i d i s not recommended 

under most c i r c u m s t a n c e s . I r o n - r i c h c a r b o n a t e s , p y r i t e , and 

g l a u c o n i t e c o u l d r e a c t w i t h t h e a c i d , and i f t h e a c i d i s a l l o w e d 

to "spend" i t s e l f c h e m i c a l l y , i n s o l u b l e i r o n h y d r o x i d e g e l s c o u l d 

p r e c i p i t a t e i n e x i s t i n g pores and f r a c t u r e s . I f a c i d i s used f o r 

clean-up purposes o n l y , t he a c i d s h o u l d be c i r c u l a t e d o u t o f t h e 

b o r e h o l e w h i l e s t i l l i n a somewhat c o n c e n t r a t e d s t a t e . I r o n 

h y d r o x i d e s s h o u l d not form under these c i r c u m s t a n c e s . 

I n s p i t e o f r e l a t i v e l y l a r g e amounts o f expandable 

i l l i t e / s m e c t i t e o c c u r i n g i n the sandstone r e s e r v o i r , much o f t h a t 

c l a y seems p r o t e c t e d by abundant kerogen c o a t i n g s and might not 

r e a c t w i t h f r e s h water d r i l l i n g f l u i d s . N o n e t h e l e s s , T e r r a Tek 

can p e r f o r m a s i m p l e , i n e x p e n s i v e t e s t t o d e t e r m i n e t h e degree o f 

water s e n s i t i v i t y . We do recommend t h a t M a l l o n O i l pursue t h i s 

p r o c e d u r e i f f r e s h muds are b e i n g used. O t h e r w i s e , KC1 d r i l l i n g 

f l u i d i s p r e f e r r e d . 

I f h y d r a u l i c f r a c t u r i n g i s a common c o m p l e t i o n p r o c e d u r e i n 

t h i s area, l i b e r a t i o n of c l a y m a t e r i a l m i g h t p r e s e n t a problem. 

This m i g r a t i o n o f f i n e s o f t e n r e s u l t s i n pore b r i d g i n g c l a y s 

f i n d i n g t h e i r f i n a l r e s t i n g p l a c e i n pore t h r o a t s or packs, 

t h e r e b y r e d u c i n g p e r m e a b i l i t y . I f f r a c t u r i n g i s p e r f o r m e d i n t h e 



GEOLOGIC CONCLUSIONS^ ' • - • 

j Hearing P g ^ 

1. S t r u c t u r a l mapping and c r o s s - s e c t i o n s i n d i c a t e t h e 

three primary s t r u c t u r a l elements - the Gavilan "nose", s y n c l i n e , 

and monocline - i n the Pool are g e n e t i c a l l y r e l a t e d and behave as 

a s i n g l e , u n i f i e d s t r u c t u r a l e n t i t y . 

2. Dip r a t e s along the east side of the Unit range from 2 

t o 6 degrees, w h i l e dips throughout most of the Unit and G a v i l a n 

are g e n e r a l l y l e s s t h a n 1.5 degrees. With the exception of the 

cr e s t of the Gavilan nose and the bottom of the s y n c l i n e , nonzero 

dips e x i s t throughout the Pool area. 

3. The (Laramide) t e c t o n i c f o r c e s r e s p o n s i b l e f o r t h e 

development o f the "nose", s y n c l i n e , and monocline are a l s o 

responsible f o r the development of a pool-wide f r a c t u r e system. 

4. Landsat and p h o t o g e o l o g i c i n t e r p r e t a t i o n s show a 

widespread d i s t r i b u t i o n of m u 1 t i - d i r e c t i o n a 1 f r a c t u r e s : a 

conjugate system o r i e n t e d NW-SE and NE-SW, and r e g i o n a l f r a c t u r e s 

at oblique angles t o the conjugate s e t . No one f r a c t u r e d i r e c 

t i o n dominates or r e s u l t s i n a b a r r i e r to f l o w . 

5. A r e p r e s e n t a t i v e i n d u c t i o n l o g c r o s s - s e c t i o n t h r o u g h 

s i x t e e n w e l l s d e p i c t s the pronounced s t r a t i g r a p h i c u n i f o r m i t y i n 

the Niobrara producing i n t e r v a l s across the Pool. 

6. Core photographs and d e s c r i p t i o n s o f f r a c t u r e s and 

l i t h o l o g y i d e n t i f i e d several d i s c r e t e , h i g h l y - l a m i n a t e d and t h i n -

bedded i n t e r v a l s i n the N i o b r a r a "B" which are p r e f e r e n t i a l l y 

f r a c t u r e d r e l a t i v e t o adjacent u n i t s . These h i g h l y a n i s o t r o p i c 



and b r i t t l e zones range from 2 t o 20 f e e t i n t h i c k n e s s , are 

g e n e r a l l y encased i n more massive ( p l a s t i c ) l i t h o l o g i e s , and 

behave, de s p i t e extreme v e r t i c a l and h o r i z o n t a l h e t e r o g e n e i t y , as 

a s i n g l e , r e s e r v o i r response u n i t . 

7. A l t h o u g h a m u 1 t i - d i r e c t i o n a 1 f r a c t u r e d i s t r i b u t i o n 

s i m i l a r t o t h a t observed on the s u r f a c e e x i s t s a t r e s e r v o i r 

d e p t h s , th e p l a s t i c , h e a l i n g n a t u r e of the massive l i t h o l o g i e s 

e ncasing the b r i t t l e zones has c r e a t e d a s e r i e s of d i s c r e t e 

r e s e r v o i r i n t e r v a l s behaving i n a highly-compartmentalized and 

s t r a t i f i e d f a s h i o n . 

8. Core photom i c r o g r a p h s show t h a t r e s e r v o i r s t o r a g e 

capacity and p e r m e a b i l i t y d e r i v e s from a system of l a r g e open 

f r a c t u r e s fed by a network of m i c r o f r a c t u r e s . The photos suggest 

the reason why o i l s a t u r a t i o n s and minor f l u o r e s c e n c e occur i n 

c e r t a i n p l u g samples: o i l m i g r a t i n g t h r o u g h open f r a c t u r e s 

r e s u l t e d i n minor s a t u r a t i o n s along g r a i n c o n t a c t s a d j a c e n t t o 

the f r a c t u r e s . 

9. Analyzed p o r o s i t i e s and p e r m e a b i l i t i e s i n the core 

i n d i c a t e a d i s t i n c t lack of m a t r i x c o n t r i b u t i o n t o p r o d u c t i o n . 
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MANCOS POOL 

Reservoir Simulation Study 

ASSUMPTIONS 

RESERVOIR CONDITIONS AND PROPERTIES 

0 Initial Pressure 
° Initial Saturation Pressure 
0 Temperature 
0 Porosity 
0 Net Pay 
0 Initial Water Saturation 
0 Irreducible Water Saturation 
° Residual Oil Saturation 
° Critical Gas Saturation 
° OOIP 
0 Rock Compressibility 

° Relative Permeability 
° Permeability 

1534 psia @ +370' 
1534 psia (C.O.U. L-ll) 
162° F 
l.Ofcfc 
2-30' Zones (1 zone Modeled) 
10% 
10% 
10% 
1.0% 
3000 STB/acre (BMG Calculation, 
Others) , 
10 x 10'° 1/psi 
(Gavilan Tech. Comm., Mobil 
Lindrith B Unit #38) 
See Exhibit 3 
10 Darcy-Feet (BMG, Sun 
Calculations) 

FLUID PROPERTIES 

Oil 
0 Obtained from C.O.U. L-ll) 
° Initial Saturation Pressure 
0 Initial FVF 
° I n i t i a l Solut ion Gas-Oil Ratio 

See Exhibit 4 
1534 psia 
1.297 
478 SCF/STB 

Water 
0 Density 
° FVF 
0 Viscosity 
0 Compressiblity 

1.021 gm/cc 
1.021 
0.44 CP r 
3.2 x 10 1/psi 

J Exhibit 2 


