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The Behavior of Naturally Fractured Reservoirs

J. E. WARREN
P. J. ROOT
MEMBERS AIME

ABSTRACT

An idealized model bas been developed for the
purpase of studying the characteristic bebavior of a
permeable medium which contains regions wbhich
contribute significantly to the pore volume of the
system but contribute negligibly to tbe flow capacity;
e.g., a naturally fractured or vugular reservoir. Un-
steady-state flow in this model reservoir bas been
investigated analytically. The pressure build-up
performance bas been examined in some detail; and,

a technique for analyzing the build-up data to evaluate °

the desired parameters bas been suggested. The use
of this approach in the interpretation of field data
bas been discussed.

As a result of this study, the following general
conclusions can be drawn:

1. Two parameters are sufficient to characterize
the deviation of the bebavior of a medium with ‘‘double
porosity "from that of a homogeneously porous medium,

2. These parameters can be evaluated by the
proper analysis of pressure build-up data obtained
from adequately designed tests.

3. Since the build-up curve associated with this
type of porous system is similar to that obtained
from a stratified reservoir, an unambiguous interpre-
tation is not possible without additional information.

4. Differencing methods which utilize pressure
data from the final stages of a build-up test should
be used with extreme caution.

INTRODUCTION

In order to plan a sound exploitation program or a
successful secondary-recovery project, sufficient
reliable information concerning the nature of the
reservoir-fluid system ‘must be available. Since it
is evident that an adequate description of the reser-
voir rock is necessary if this condition is to be ful-
filled, the present investigation was undertaken for
the purpose of improving the fluid-flow characteriza-
tion, based on normally available data, of a particular
porous medium. '

DISCUSSION OF THE PROBLEM

For many years it was widely assumed thar, for
the purpose of making engineering studies, two param-

Original manuscript received in Society of Petroleum Engineers
office Aug., 17, 1962, Revised menuacript received March 21, 1963,
Paper preserted st the Fall Meeting of the Society of Petroleum
Engineers in Los Angeies on Oct. 7-10, 1962.
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eters were sufficient to describe the single-phase
flow properties of a producing formation, i.c., the
absolute permeability and the effective porosity. It
later became evident that the concept of directional
permeability was of more than academic interest;
consequently, the degree of permeability anisotropy
and the orientation of the principal axes of permes-
bility were accepted as basic parameters governing
reservoir performance. 1+2 More recently, 3-6 it was
recognized that at least one additional parameter
was required to depict the behavior of a porous system
containing regions which contributed significantiy to
the pore volume bur contributed negligibly to the
flow capacity. Microscopically, these regions could
be ‘‘dead-end’’ or '‘storage’’ pores or, macroscopi-
cally, they could be discrete volumes of low-
permeability matrix rock combined with natural fis-
sures in a reservoir. It is obvious that some provision
for the inclusion of all the indicated parameters,
as well as their spatial variations, must be made if
a truly useful, conceptual model of a reservoir is to
be developed.

A dichotomy of the internal voids of reservoir rocks
has been suggested.”.8 These two classes of porosity
can be described as follows:

a. Primary porosity is intergranular and controlled
by deposition and lithification. It is highly inter-
connected and usually can be correlated with perme-
ability since it is largely dependent on the geomerry,
size distribution and spatial distribution of the
grains. The void systems of sands, sandstones and
oolitic limestones are typical of this type.

b. Secondary porosity is foramenular and is con-
trolled by fracturing, jointing and/or solution in
circulating water although it may be modified by in-
filling as a result of precipitation. It is not highly
interconnected and usually cannot be correlaced wich
permeability. Solution channels or vugular voids
developed during weathering or burial in sedimentary
basins are indigenous to carbonate rocks such as
limestones or dolomites. Joints or fissures which
occur in massive, extensive formations composed of
shale, siltstone, schist, limestone or doiomite are
generally vertical, and they are ascribed to tensional
failure during mechanical deformation (the permea-
bility associated with this type of void system is
often anisotropic). Shrinkage cracks are the result

| References given at end of paper.



Formation Evaluation
By Well Testing

Various theories have evolved regarding pressure behavior in natu-
rally fractured reservoirs. Since all naturally fractured reservoirs are not
the same, the following techniques may vary in their application.

Pollard—Pirson Methods

One of the early papers on pressure buildup analysis of fractured
reservoirs was published by Pollard in 1959. Pollard considered that the
reservoir consisted of three regions: one around the wellbore, one in
the fractured system, and one in the matrix. Consequently, he broke the
pressure differential into three components: (1) pressure differential
across "skin” near the wall of the hole, (2) pressure differential due to
flow resistance in the coarse communicating fissures, and (3) pressure
differential between the fine voids and the coarse fissures.

Pollard’s method

Pollard’s method assumes that during a late stage of buildup the
flow rate (qp) from the matrix into the fractures can be described by the
equation:

d
Gp=-Vpcp -d'Eeb— = A; (pv — py) (4-1)
where: . g, =rate of flow from matrix into fractures

Vi = pore volume of the matrix _
¢y, = compressibility factor of fluids in the matrix
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MALLON OIL COMPANY File Number: PD-85057
No. 1-11 Howard Federal Well

DISCUSSION (Continued)

interval. From 7300 to 7280 feet the unit is dark gray in color and exhibits
undisturbed, horizontal planar laminations. Silt laminae are very: rare.
Calcareous stringers, silty laminae, and fossil debris are in low abundance
in this unit. '

Fractures occur throughout the cored interval. They are oriented vertically
to approximately 30 degrees from vertical, and spaced at intervals greater
than four inches, these fractures are generally mineralized with calcite and
pyrite, Fracture sets intersect at angles of ten to fifteen degrees, and

. commonly terminate one another. The dark gray units typically contain one

dominant fracture two to three feet in length, with closely spaced
{(approx. 1/2 inch) subordinate fractures parallel to it The gray-black,
siltier unit contains a somewhat higher frequency of shorter (six to twelve
inch long) fracrures.

Thin Section Description

A thin section c¢ut normal to bedding in a silty interval (73228 (eet)
revealed slightly compacted, moderately sorted, wavy laminated, burrowed
units of coarse silt within a wavy laminated, silty shale matrix (plate 2A).
The silt component is comprised principally of quartz grains, with a lower
abundance of feldspar grains, volcanic rock fragments, and mica. Traces of

zircon, glauconite, and detrital dolomite are also present. A significant
component of both the silty and shaly units is calcareous foraminifer
debris. This debris, plus the large bivalve shells, account for the

calcareous nature of the entire interval. Carbonaceous matter is abundant in
the shaly laminae.

Pyrite is the most abundant authigenic mineral. It has formed in close
association with foraminifer tests, and as scattered framboids in both silty
and shaly laminae. Calcite is abundant as sparry to  poikilotopic,
intergranular cement in the silty laminae; very minor dolomite cement has
also formed in these units. No porosity is evident in thin section.

Wireline Log Analysis

Figure 1 is a compilation of all wireline log curves plus the measured
percent shale curve gencrated in this .study. No log except density porosity
exhibits behavior parallel to the percent shale curve. This is a deception,
however, as the density porosity reading in the silty zone (log depth 7294 to
7300 feet) indicates high porosity (sandstone matrix), whereas the core
analysis from this zone reports porosities around 1 %. The measured grain
density of the shale is 2.63 g/ce, which is very close to the assumed matrix
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INTERPRETATION OF FLUID SATURATIONS

ASSUMING
10% FLUSH AND 20% RECOVERY OF OIL-IN-PLACE

AFTER FLUSH
(FINAL PRESSURE ATMOSPHERIC)

CALCULATED SATURATIONS FOR GIVEN CONDITIONS

. Less 20%
LABORATORY Initial "Production” Stock Tank Column 8
Sanple Perm Saturations Reserwoir Less 10% to Atmospheric Volume Minus
Number (md) Porosity 01l Water 0il-in-Place Flush Pressure Remaining Column 3
(L (2) (3) (4) (5) (6) (N (8) (9)

1 0.01 2.5 39.0 39.0 61.0 54.9 43.9 31.8 (7.2)

2 0.02 2.0 34.6  40.3 59.7 53.7 43.0 31.1 (3.9)

3 <0.01 1.0 39.6 35.2 64.8 58.3 46.7 33.8 (5.8)

4 0.42 0.9 49.5 22.0 78.0 70.2 56.2 40.7 (8.8)

5 <0.01 0.6 49.8 16.6 83.4 75.1 60.0 43.5 (6.3)

6 <0.01 1.0 52.4 22.1 77.9 70.1 56.1 40.6 (11.8)

7 <0.01 0.9 41.2  34.3 65.7 59.1 47.3 34.3 (6.9)

8 0.02 0.7 45.6 32.9 67.1 60.4 48.3 35.0 (10.6)

9 <0.01 0.5 42.3 35.2 64.8 58.3 46.7 33.8 (8.5)
10 0.02 1.1 38.6 33.1 66.9 60.2 48.2 34.9 (3.7
11 0.10 0.5 38.8 32.4 67.6 60.8 48.7 35.3 (3.5
12 <0.01 1.7 34.2 34.2 65.8 59.2 47.4 34.3 0.1
13 0.02 2.7 24,9 33.1 66.9 60.2 48,2 34.9 10.0
14 0.01 2.9 22.5 50.0 50.0 45.0 36.0 26.1 3.6
15 0.01 3.5 3.9 31.9 68.1 61.3 49.0 35.5 3.6
16 0.01 3.1 30.5 30.5 69.5 62.6 50.0 36.3 5.8
17 0.03 2.3 28.8 38.4 61.6 55. 4 44.4 32.1 3.3
18 0.14 2.5 19.6 39.2 60.8 54.7 43.8 31.7 12.1
19 0.07 2.8 32.0 42.7 57.3 51.6 41.3 29.9 (2.1)
20 0.02 2.2 17.5 60.0 40.0 36.0 28.8 20.9 3.4
21 0.16 2.1 24.5 59.9 40.1 36.1 28.9 20.9 (3.6)
22 0.06 1.6 21.1 61.0 39.0 35.1 28.1 20.3 (0.8)
23 0.12 1.5 16.6 56.8 43,2 30.9 3l.1 22.5 5.9
24 2.85 2.0 22.3  50.9 49.1 44.2 35.4 25.6 3.3
25 11.00 2.2 0.0 56.4 43.6 39.2 31.4 22.7 22.7
26 0.06 2.6 20.1 57.5 42.5 38.3 30.6 22.2 2.1
27 0.01 1.8 18.6 47.9 52.1 46.9 37.5 27.2 8.6
28 0.03 1.9 32.4 36.0 64.0 57.6 46.1 33.4 1.0
29 0.03 2.4 18.3 52.4 47.6 42.8 34.3 24.8 6.5
30 0.79 2.0 20.4 52.5 47.5 42.8 34,2 24.8 4.4
31 0.02 1.5 23.9 47.9 52.1 46.9 37.5 27.2 3.3
32 <0.01 1.8 22.5 36.0 64.0 57.6 46.1 33.4 10.9
33 <0.01 2.5 34.7 30.8 69.2 62.3 49.8 36.1 1.4
34 0.06 1.5 24.6  49.1 50.9 45.8 36.6 26.6 2.0
35 0.02 2.2 30.2 51.7 48.3 43.5 34,8 25.2 (5.0)
36 0.36 2.6 21.8 48.5 51.5 46.4 37.1 26.9 5.1
37 0.01 2.5 26.2 29.9 70.1 63.1 50.5 36.6 10.4
38 <0.01 2.6 43.6 31.1 68.9 62.0 49.6 35.9 (7.7
39 0.01 2.8 39.3 32.8 67.2 60.5 48.4 35.1 (4.2)
40 0.01 2.2 .5 33.0 67.0 60.3 48.2 35.0 (3.5)
41 <0.01 1.3 40.0 26.7 73.3 66.0 52.8 38.2 (1.8)
42 <0.01 2.1 39.3  26.2 73.8 66.4 53.1 38.5 (0.8)
43 <0.01 1.3 39.1 22.4 77.6 69.8 55.9 4b.5 1.4
44 <0.01 1.0 42.8 28.6 71.4 64.3 51.4 37.3 (5.5)
45 «<0.01 1.3 50.6  25.3 74.7 67.2 53.8 39.0 (11.6)




INTERPRETATION OF FLUID SATURATIONS
ASSUMING
10% FLUSH AND 20% RECOVERY OF OIL~-IN-PLACE
AFTER FLUSH
(FINAL PRESSURE ATMOSPHERIC)
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CALCULATED SATURATIONS FOR GIVEN CONDITIONS

Less 20%
LABORATORY Initial "Production” Stock Tank Columnn 8
Sample Perm Saturations Reserwoir Less 10% to Atmospheric Volume Minus
Number  (md) Porosity g_I Water Oil-in-Place Flush Pressure Remaining Column 3
(L (2) (3) (4) (5) (6) ¥)) (8) 9)

46 0.01 2.4 36.2 24.1 75.9 68.3 54.6 39.6 3.4
47 0.01 2.4 41,7 34.7 65.3 58.8 47.0 34.1 (7.6)
48 0.01 2.0 44,7 31.9 68.1 61.3 49.0 35.5 (9.2)
49 0.01 2.2 35.5 31.6 68.4 6l.6 49,2 35.7 0.2
50 0.01 1.5 26.7 30.6 69.4 62.5 50.0 36.2 9.5
51 0.32 2.2 32.8 32.8 67.2 60.5 48.4 35.1 2.3
52 <0.01 1.0 10.6 42.4 57.6 5.8 41.5 30.1 19.5
53 0.02 1.5 27.1  30.9 69.1 62.2 49.8 36.1 9.0
54 <0.01 1.1 30.3 34.6 65.4 58.9 47.1 34,1 3.8
55 0.05 1.3 36.2  32.2 67.8 61.0 48.8 35.4 (0.8)
56 0.09 1.8 10.6 42,5 57.5 51.8 41.4 30.0 19.4
57 0.01 1.7 44.6 29.8 70.2 63.2 50.5 36.6 (8.0)
58 0.01 1.2 25.8 29.5 70.5 63.5 50.8 36.8 11.0
59 0.05 0.8 0.0 35.2 64.8 58.3 46.7 33.8 33.8
60 0.08 0.5 30.4 27.1 72.9 65.6 52.5 38.0 7.6
61 0.03 0.8 26.0 23.1 76.9 69.2 55.4 40.1 14,1
62 0.06 1.0 37.8 31.5 68.5 61.7 49.3 35.7 (2.1)
63 0.16 0.8 39.8  33.2 66.8 60.1 48.1 34.9 (4.9)
64 0.01 0.6 48.8 24.4 75.6 68.0 54.4 39.4 (9.4)
65 0.21 1.6 40.4 26.9 73.1 65.8 52.6 38.1 (2.3)
66 0.01 1.0 42.3 30,2 69.8 62.8 50.3 36.4 (5.9)
67 <0.01 0.8 36.3 40.8 59.2 53.3 42.6 30.9 (5.4)
68 0.01 1.0 43.3  37.9 62.1 55.9 44,7 32.4 (10.9)
69 0.01 1.2 32.4 2.6 78.4 70.6 56. 4 40.9 8.5
70 4.15 1.0 37.9  52.1 47.9 43.1 34.5 25.0 (12.9)
71 0.65 1.1 28.4 52.1 47.9 43.1 34.5 25.0 (3.4)
72 0.01 1.0 50.6 40.5 59.5 53.6 4.8 3.0 {19.6)
73 0.81 1,1 38.2  38.2 61.8 55.6 44.5 32.2 (6.0)
74 0.01 0.8 45.3  30.2 69.8 62.8 50.3 36.4 (8.9
75 0.03 1.0 35.1 40.2 59.8 53.8 43.1 31.2 (3.9)
76 0.01 0.8 48.4 27.6 72.4 65.2 52.1 37.8 (10.6)
77 0.01 1.1 35.0 40.0 60.0 54.0 43,2 3.3 (3.7)
78 0.01 0.4 32,3 35.9 64.1 57.7 46,2 33.4 1.1
79 .21 1.2 46.6 39.3 60.7 54.6 43,7 3.7 (14.9)
80 0.01 0.8 58.6 27.9 72.1 64.9 51.9 37.6 (21.0)
31 0.01 1.0 41.7 37.1 62.9 56.6 45,3 32.8 (8.9)

Column 1l: Permeability, millidarcies.

Column 2: Percent of bulk volume,

Column 3: Percent of pare space.

Colunn 4: Percent of pore space.

Colum 5: Initial oil-in-place, percent of pore space at initial reserwir pressure. 100 minus Column 4,

Colum 5: Colum 5 x .9 (reservoir wdlume after flushing, percent of rore space).

Column 7: Colum 6 x .8 (reservoir volume after "production" of 20% of oil-in-place after flushing).

Calumn 8: Stock tank volume remaining in reserwoir after "production" and expulsion of flushing water: Column 7

divided by FVF of 1.38.
Column 9: Column 8 minus Column 3, theoretical saturation less laboratory saturation. (Negative figure means sample

is suspect - or flushing of less than 10% occurred).




INTERPRETATION OF FLUID SATURATIONS
ASSUMING .
0% FLUSH AND 20% RECOVERY OF OIL~IN-PLACE
(FINAL PRESSURE ATMOSPHERIC)

CALCULATED SATURATIONS FOR GIVEN CONDITIONS

Less 20%
LABORATORY Initial "Production” Stock Tank Column 8
Sanple Perm Saturations Reservoir Less 0% to Atmospheric Volume Minus
- Number (md) Porosi OIl wWater Oil-in-Place  Flush Pressure Remaining Column 3
(1) (2) (3 (4) (5) (6) 7 (8) (9)
1 0.01 2.5 39.0 33.0 61.0 61.0 48.8 35.4 (3.6)
- 2 0.02 2.0 34.6 40.3 59.7 59.7 47.8 34.6 0.0
3 <0,01 1.0 39.6 35.2 64.8 64.8 51.8 37.6 (2.0)
4 0.42 0.9 49.5 22.0 78.0 78.0 62.4 45.2 (4.3)
- 5 <0.01 0.6 49.8 16.6 83.4 83.4 66.7 48.3 (1.5}
6 <0.01 1.0 52.4 22.1 77.9 77.9 62.3 45.2 (7.2)
7 <0.01 0.9 41.2 343 65.7 65.7 52.6 38.1 (3.1
- 8 0.02 0.7 45.6  32.9 - 67.1 67.1 53.7 38.9 6.7)
9 <0.01 0.5 42.3  35.2 64.8 64.8 51.8 37.6 (4.7)
10 0.02 L1l 38.6 33,1 66.9 66.9 53.5 38.8 0.2
- 11 0.10 0.5 38.8 32.4 67.6 67.6 54.1 39.2 0.4
12 <0.01 1.7 34.2  34.2 65.8 65.8 52.6 38.1 3.9
13 0.02 2.7 24,9 33.1 66.9 66.9 53.5 38.8 13.9
- 14 0.01 2.9 22,5 50.0 50.0 50.0 40.0 29.0 6.5
15 0.01 3.5 31.9 3.9 68.1 68.1 54.5 39.5 7.6
16 0.01 3.1 30.5 30.5 69.5 69.5 55.6 40.3 9.8
- 17 0.03 2.3 28.8 38.4 61.6 61.56 49.3 35.7 6.9
18 0.14 2.5 19.6 39.2 60.8 60.8 48.6 35.2 15.6
19 0.07 2.8 32.0 42.7 57.3 57.3 45.8 33.2 1.2
20 0.02 2.2 17.5 60.0 40.0 40.0 32.0 23.2 5.7
21 0.16 2.1 24.5 59.9 40.1 40.1 32.1 23.2 (L.3)
.22 0.06 1.6 2l.1  61.0 39.0 39.0 31.2 22.6 1.5
- 23 0.12 L5 16.6 56.8 43.2 43.2 34.6 25.0 8.4
24 2.85 2.0 22.3 50.9 49.1 49.1 39.3 28.5 6.2
25 11.00 2.2 0.0 56.4 43.6 43.6 34.9 25.3 ' 25.3
26 0.06 2.6 20.1 57.5 42.5 42.5 34.0 24.6 4.5
27 0.01 1.8 18.6 47.9 52.1 52.1 41.7 30.2 11.6
28 0.03 1.9 32.4 36.0 64.0 64.0 51.2 37.1 4.7
29 0.03 2.4 18.3 52.4 47.6 47.6 38.1 27.6 9.3
30 0.79 2.0 20.4 52.5 47.5 47.5 38.0 27.5 7.1
3l 0.02 1.5 23.9 47.9 52.1 52.1 41.7 30.2 6.3
32 <0.01 1.8 22.5 36.0 64.0 64.0 51.2 37.1 14.6
33 <0.01 2.5 34.7 30.8 69.2 69.2 55.4 40.1 S.4
34 0.06 1.5 24.6  49.1 50.9 50.9 40.7 29.5 4.9
35 0.02 2.2 30.2 5L.7 48.3 48.3 38.6 28.0 (2.2)
36 0.36 2.6 21.8 48.5 51.5 51.5 41.2 29.9 8.1
37 0.01 2.5 26.2 29.9 70.1 70.1 56.1 40.6 14.4
- 38 <0.01 2.6 43.6 3l.1 68.9 68.9 55.1 39.9 3.7
39 0.01 2.8 39.3  32.8 67.2 67.2 53.8 39.0 (0.3)
40 0.01 2.2 38.5 33.0 67.0 67.0 53.6 38.8 0.3
41 <0.01 1.3 40.0 26.7 73.3 73.3 58.6 42.5 2.5
42 <0.01 2.1 39.3  26.2 73.8 73.8 59.0 42.8 3.5
43 ‘<0.01 1.3 39.1  22.4 77.6 77.6 62.1 45.0 5.9
_ 44 <0.01 1.0 42.8 28.6 71.4 71.4 57.1 41.4 (1.4)
1.3 50.6 25.3 74.7 74.7 59.8 43.3 (7.3)

45 <0.01




INTERPRETATION OF FLUID SATURATIONS
ASSUMING
0% FLUSH AND 20% RECOVERY OF OIL-IN-PLACE
(FINAL PRESSURE ATMOSPHERIC)
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CALCULATED SATURATIONS FOR GIVEN CONMDITIONS

Less 20%

- LABORATORY Initial “Production” Stock Tank Column 8
Sample Perm Saturations Reservoir Less 0% to Atmospheric Volume Minus
Number (md) Porosity Oil Water Oil-in-place  Flush Pressure Remaining Column 3

(L) (2) (3) (4) (5) (6) (N 8 (9)
46 0.01 2.4 36.2 24.1 75.9 75.9 60.7 44.0 7.8
47 0.01 2.4 41.7 34.7 65.3 65.3 52.2 37.9 (3.8)
48 0.01 2,0 44.7 31.9 68.1 68.1 54.5 39.5 (5.2)
49 0.01 2.2 35.5 31.6 68.4 68.4 4.7 39.7 4.2
50 0.01 L5 26.7 30.6 69.4 69.4 55.5 40.2 13.5
51 0.32 2.2 32.8 32.8 67.2 67.2 53.8 39.0 6.2
52 <0,01 1.0 10.6 42.4 57.6 57.6 46.1 33.4 22.8
53 0.02 1.5 27.1  30.9 69.1 69.1 55.3 40.1 13.0
54 <0.01 11 30.3  34.6 65.4 65. 4 52.3 37.9 7.6
55 0.05 1.3 36.2  32.2 67.8 67.8 54.2 39.3 3.1
56 0.09 1.8 10.6 42.5 57.5 57.5 46.0 33.3 22.7
57 0.01 1.7 44.6 29.8 70.2 70.2 56.2 40.7 (3.9}
58 0.01 1.2 25.8 29.5 70.5 70.5 56.4 40.9 15.1
59 0.05 0.8 0.0 35.2 64.8 64.8 51.8 37.6 37.6
60 0.08 0.5 30.4 27.1 72.9 72.9 58.3 42.3 1.9
6l 0.03 0.8 26.0 23.1 76.9 76.9 61.5 44.6 18.6
62 0.06 1.0 37.8 31.5 68.5 68.5 54.8 39.7 1.9
63 0.16 0.8 39.8 33.2 66.8 66.8 53.4 38.7 (1.1)
64 Q.01 0.6 48.8 24.4 75.6 75.6 60.5 43.8 (5.0)
65 0.21 1.6 40.4 26.9 73.1 73.1 58.5 42.4 2.0
66 0.01 Lo 42.3 30.2 69.8 69.8 55.8 40.5 (1.8)
67 <0.01 0.8 36.3 40.8 59.2 59.2 47.4 34.3 (2.0)
68 0.01 1.0 43.3 37.9 62.1 62.1 49.7 36.0 (7.3)
69 0.01 1.2 32.4 2.6 78.4 78.4 62.7 45.4 13.0
70 4.16 1.0 37.9  52.1 . 47.9 47.9 38.3 27.8 (10.1)
71 0.65 1.1 28.4 52.1 47.9 47.9 38.3 27.8 (0.6)
72 0.01 1.0 50.6 40.5 59.5 59.5 47.6 34.5 (16. 1)
73 0.81 1.1 38.2  38.2 61.8 61.3 49.4 35.8 (2.4)
74 0.01 a.8 45.3 30.2 69.8 69.8 55.8 40.5 (4. 8)
75 0.03 1.0 35.1 40.2 59.8 59.8 47.8 34.7 (0.4)
76 0.0L 0.8 48.4 27.86 72.4 72.4 57.9 42.0 (6.4)
77 0.01L 1.1 35.0 40.0 60.0 60.0 48.0 4.8 (0.2)
78 0.01 0.4 32.3 35.9 64.1 64.1 51.3 37.2 4.9
79 121 1.2 46.6 39.3 60.7 60.7 48.6 ’ 35.2 (11.4)
80 g.01 0.8 58.6 27.9 72.1 72.1 57.7 41.8 (16.8)
81 0.01 1.0 41.7 37.1 62.9 62.9 50.3 36.5 (5.2)

Column 1: Permeability, millidarcies.

Column 2: Percent of hulk volume. '

Column 3: Percent of pore space. !

Column 4: Percent of pore space. R

Colunn 5: Initial oil-in~place, percent of pore space at initial reservoir pressure. 100 Minus Column 4.

Colum 6: Same as Column 5 (assumes 0% flush of core by circulating fluid).

Column 7: Column 6 X .8 (reservoir volume after "production” of 20% of oil-in-place).

Column 8: 3Stock tank volume remaining in reservoir after “production”: Column 7 divided by FVF of 1,38.

Column 9: Column 8 minus Column 3, theoretical saturation less laboratory saturation. (Negative figure means sample
is suspect.)




INTERPRETATION OF FLUID SATURATIONS

ASSUMING

0% FLUSH AND "PRODUCTION" REPRESENTED BY DIFFERENCE OF STOCK TANK VOLUMES

LABORATORY
Sample Perm Saturations
Number (md) Porosity 011 wWater
(1) (2) (3 4

1 0.01 2.5 39.0 39.0
2 0.02 2.0 34.6 40.3
3 <0.01 1.0 39.6 35,2
4 0.42 0.9 49.5 22.0
5 <0.01 0.6 49.8 16.6
6 <0.01 1.0 52.4 22,1
7 <£0.01 0.9 41,2 34.3
8 0.02 0.7 45.6 32.9
9 <0.01 0.5 42,3 35.2
10 0.02 1.1 38.6  33.1
it 0.10 0.5 38.8  32.4
12 <0.01 1.7 34.2  34.2
13 0.02 2,7 24.9 33.1
14 0.01 2.9 22.5 50.0
15 0.01 3.5 31.9 31.9
16 0.01 3.1 30.5 30.5
17 0.03 2.3 28.8 38.4
18 0.14 2.5 19.6 39.2
19 0.07 2.8 32.0  42.7
20 0.02 2.2 17.5 60.0
21 0.16 2.1 24.5 59.9
22 0.06 1.6 2.1 6l.0
23 0.12 1.5 16.6 56.8
24 2.85 2.0 22.3 50.9
25 11.00 2.2 " 0.0 56.4
26 0.06 2.6 20.1 57.5
27 0.01 1.8 18.6 47.9
28 0.03 1.9 32.4 36.0
29 0.03 2.4 18.3 52.4
30 0.79 2.0 20.4 52.5
3l 0.02 1.5 23.9 47.9
32 £0.01 1.8 22.5 36.0
33 <0.01 2.5 34,7 30.8
34 0.06 1.5 24.6 49.1
35 0.02 2.2 30,2 51.7
36 0.36 2.6 21.8 48.5
37 0.01 2.5 26.2 29.9
38 <0.01 2.6 43.6 3l.1
39 0.01 2.8 39.3 32.8
40 0.01 2.2 38.5 33.0
41 <0.0L 1.3 40.0 26.7
42 <0.01 2.1 39.3  26.2
43 <0.01 1.3 39.1 22.4
44 <0.01 1.0 42.8 28.6
45 <0.0L 1.3 50.6 25.3

Initial Oil-in-Place

"Production” to 0% (gauge)
Reservoir Pressure
(Stock Tank Volumes)

Reservoir Stock Tank
volume Volume

(5) (0)
61.0 44.2
59,7 43.3
64.8 47.0
78.0 56.5
83.4 60.4
77.9 56.4
65.7 47.6
67.1 48.6
64.8 47.0
66.9 48.5
67.6 49.0
65.8 47.7
66.9 48.5
50.0 36.2
68.1 49.3
69.5 50. 4
61.6 44.6
60.8 44,1
57.3 41.5
40.0 29.0
40.1 29.1
39.0 28.3
43.2 31.3
49.1 35.6
43.6 31.6
42.5 30.8
52.1 37.8
64.0 46.4
47.6 34.5
47.5 34.4
52.1 37.8
64.0 46.4
69.2 50.1
50.9 36.9
48.3 35.0
51.5 37.3
70.1 50.8
68.9 49.9
67.2 48.7
67.0 48.6
73.3 53.1
73.8 53.5
77.6 56.2
71.4 51.7
74.7 54.1

"Production” "Production”
Percent of Percent of
Pore Space Qil~in-Place
§)] (8)
5.2 11.8
8.7 20.0
7.4 15.7
7.0 12.4
10.6 17.6
4.0 7.2
6.4 13.5
3.0 6.2
4.7 9.9
9.9 20.4
10.2 20.8
13.5 28.3
23.6 48.6
13.7 37.9
17.4 35.4
19.9 39.4
15.8 35.5
24.5 55.5
9.5 22.9
11.5 39.6
4.6 15.7
7.2 25.3
14.7 47.0
13.3 37.3
31.6 100.0
10.7 34.7
19.2 50.7
14.0 30.1
16.2 46.9
14.0 40.7
13.9 36.7
23.9 51.5
15.4 30.8
12.3 33.3
4.8 13.7
15.5 41.6
24.6 48.4
6.3 12.7
9.4 19.3
10.1 20.7
13.1 24.7
14.2 26.5
17.1 30.5
8.9 17.3
3.5 6.5




INTERPRETATION OF FLUID SATURATIONS
ASSUMING
0% FLUSH AND "PRODUCTION" REPRESENTED BY DIFFERENCE OF STOCK TANK VOLUMES

PAGE 2
"Production" to 0# (gauge)
Reserwoir Pressure
(Stock Tank Volumes)
LABORATORY Initial Qil-in-Place "Production” "Production”
Sample Perm Saturations Reservoir 3tock Tank Percent of Percent of
Number (md) Porosity Q11  Water Volume Volume Pore Space Oil-in—-Place
(L) (2) (3) (4) 5 (6) ) (8)
46 0.01 2.4 36.2 24.1 75.9 55.0 18.8 34.2
47 0.01 2.4 41.7 34.7 65.3 47.3 5.6 11.9
48 0.01 2.0 44.7 31.9 68.1 49.3 4.6 9.4
49 0.01 2.2 35.5 3l.6 68.4 49,6 14.1 28.4
50 0.01 1.5 26.7 30.6 69.4 50.3 23.6 46,9
51 0.32 2.2 32.8 32.8 67.2 48.7 15.9 32.86
52 <20.01 1.0 10.6 42.4 57.6 41.7 31L.1 74.6
33 0.02 1.5 27.1  30.9 69.1 50.1 23.0 45.9
54 <0.01 L1 30.3 34.6 65.4 47.4 17.1 36.1
55 0.05 1.3 36.2  32.2 67.8 49,1 12.9 26.3
56 0.09 1.8 10.6 42,5 57.5 41,7 3.1 74.6
57 0.01 1.7 44,6 29.8 70.2 50.9 6.3 12.3
58 0.01 1.2 25.8 29.5 70.5 51.1 25.3 49.5
59 0.05 0.8 0.0 35.2 64.8 47.0 47.0 100.0
60 0.08 0.5 30.4 27.1 72.9 52.8 22,4 42,5
61 0.03 0.8 26.0 23.1 76.9 55.7 29.7 53.3
62 0.06 1.0 37.8 31.5 68.5 49.6 11.8 23.8
63 0.16 0.8 39.8  33.2 66.8 48.4 8.6 17.8
64 0.01 0.6 48.8 24.4 75.6 54.8 6.0 10.9
65 0.21 1.6 40.4 26.9 73.1 53.0 12.6 23.7
66 0.01 1.0 42,3  30.2 69.8 50.6 8.3 16. 4
67 <0.0L 0.8 36.3 40.8 59.2 4.9 6.6 15.4
68 0.QL 1.0 43.3  37.9 62.1 45.0 1.7 3.8
89" 0.01 1.2~ 32.4 21.6 78.4 56.8 24.4 43.0
70 4.16 1.0 37.9 52.1 47.9 34.7 (3.2) (9.2)
71 0.65 1.1 28.4 52.1 47.9 34.7 6.3 18.2
72 0.01 1.0 50.6  40.5 59.5 43.1 (7.5) (17.4)
73 0.81 1.1 38.2 38.2 61.8 44.8 6.6 14.7
74 0.01 0.8 45.3 30.2 69.8 50.6 5.3 10.4
75 0.03 1.0 35.1  40.2 59.8 43.3 8.2 19.0
76 0.01 0.8 48.4 27.6 72.4 52.5 4.1 7.7
77 0.01 1.1 35.0 40.0 60.0 43.5 8.5 19.5
78 0.01 0.4 32.3 35.9 64.1 46.4 14.1 30.5
79 .21 1.2 46.6 39.3 60.7 44.0 (2.6) (5.9)
80 0.01 0.8 58.6 27.9 72.1 52.2 (6.4) (12.2)
3L 0.01 1.0 41.7 37.1 62.9 45.6 3.9 8.5
Column l: Permeability, millidarcies.
Colunn 2: Percent of bulk volume.
Column 3: Percent of pore space.
Column 4: Percent of pore space.
Column 5: Initial oil-in-place, percent of pore space at initial reserwoir pressure. 100 minus Column 4.
Colum 6: Initial stock tank volume of oil-in-place: reservoir volume divided by FVF.
Column 7: Stock tank volume "production” to 0# (gauge) reservoir pressure, percent of poare space (Column 6 minus
Column 3).
Column 8: Stock tank volume “production” to 04 (gauge) reservoir pressure, percent of oil-in-place (Column 7

divided by Colum 6 x 100). Low (less than 15 to 20%) means sample is suspect. High (30 to 40% or more)
suggests substantial flushing or gas zone or sample is suspect.
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CA-20 CORE LABORATORIES. INC.
Petroleum Reservoir Engineering Page No_l
DALLAS, TEXAS
CORE ANALYSIS RESULTS
Company_BENSON-MONTIN-GREER Formation GALLUP File RP-3-2318
Weil___LA PIATA MANCOS UNIT NO.3(G-32) Core Type__ DIANMOND 3,5" Date Report_9=30-68
Field__ LA PIATA (GALLUP) Drilling Fluid_CRUDE OTL Analysts___ GALLOP

County. SAN JUAN

State_ NEW MEX. Elev. 5988'GL 1ocation 1650 'FN&EL SEC 32-T32N-R13W
Lithological Abbreviations 4

SAND.3D
SHALE - 8H
LIME-LM

DOLOMITE.COL
CHERT.CH
GoYPIUM.QYP

ANNYDORITE - ANNY
COMAGLOMERATE - CONG
FOSSILIFEROUS -FOSS

SANDY.-SDY
SHALY -SHY
LIMY.LMY

FINE.FN
MEDIUM - MED
COARSE.CSE

CRYSTALLINE-XLN
GRAIN -GRN
GRANULAR -GRNL

sLiGNTLY .o/
vERY -V,
wiru.w/

BROWN - BRN
ARAY -GY
yyany -vay

FRACTURED - FRAC
LAMINATION - LAM
STYLOLITIC-STY

SAMPLE DEPTH PERMEASBILITY POROSITY PER CENT PORE

-]
reeT M'LXAA"CV’

Nore: OEgerer 2o’ <R

SAMPLE DESCRIPTION
AND REMARKS

OER Dt LIS FEED LOLT770s8

I RESIDUAL SATURATION

TOTAL
WATER

NUMBER PER CENT oL l

!

TO LRRAETLNTE LOI7V SEAIC
(CONVENTIONAL AMALYSIS) 7 or s semem /Otriy /-2 -G8
1 5075.0-76.0 0.03 5.8 12.1 75.8 sh, Bl, V/Fn Grn, W/Lmy S1t Strks, Frac
2 77.0-78.0 0.30 5.4 13.0 6L4.9 Sh, Bl, V/Fn Grn, W/Lmy S1t Strks, Frac
3 79.0-80.0 0.38 5.9 8.5 67.8 sh, Bl, V/Fn Grn, W/Lmy Slt Strks, Frac
L 81.0-82.0 0.66 4.5 11.1 75.5 Sh, Bl, V/Fn Grn, Slty, Frac
5 83.0-84.0 0.17 5.6 8.9 71.5 Sh, Bl, V/Fn Grn, ¥/Lmy 51t Strks, Frac
6 85.0-86.0 0.01 5.3 3.8 75.5 sh, Bl, V/Fn Grn, W/Lmy S1t Strks, Frac
7 87.0-88.0 0.17 5.5 3.6 80.0 Sh, Bl, V/Fn Grn, W/Lmy Slt Strks, Frac
8 89.0-90.0 0.02 4.8 L.2 83.4 sh, Bl, V/Fn Grn, Slty, Frac
9 91.0-92.0 0.01 5.1 9.8 68.6 sSh, Bl, V/Fn Grn, Slty, Frac
10 93,0-94.0 0.01 5.3 13.2 7.7 Sh, Bl, V/Fn Grn, Slty, Frac
11 95.0~96.0 0.0k 5.7 8.8 70.7 Sh, Bl, V/Fn Grn, Slty, Frac
12 97.0-98.0 0.02 7.2 29.8 59,7 Sh, Bl, V/Fn Grn, W/Lmy S1lt Strks, Frac
13 5099.0-00.0 1.12 6.6 39.1 L6.9 Sh, Bl, V/Fn Grn, W/Lmy S1t Strks, Frac
1, 5101.0-02.0 0.09 6.2 L46.7 L43.5 sh, Bl, V/Fn Grn, W/Lmy Slt Strks, Frac
15 03.0-04.0 0.02 6.9 L43.5 37.7 Sh, Bl, V/Fn Grn, W/Lmy S1t Strks, Frac
16 05.0-06,0 - 0,01 7.3 L46.5 L41.0 Sh, Bl, V/Fn Grn, W/Lmy S1t Strks, Frac
17~ 07.0-08,0 0.03 6.7 L4i.8 L4.7 Sh, Bl, V/Fn Grn, Slty, Frac
18 09.0-10.0 0.03 7.8 51,2 35.9 Sh, Bl, V/Fn Grn, Slty, Frac
19 11.0-12.0 0.17 6.7 L49.2 L40.3 Sh, Bl, V/Fn Grn, Slty, Frac
20 13,0-14.0 0.01 7.5 4.3 Lh.0 Sh, Bl, V/Fn Grn, W/Lmy S1t Strks, Frac
21 . 15.0-16.0 0.03 6.6 53.0 30.3 Ssh, Bl, V/Fn Grn, Slty, Frac
22 17.0-18.0 0.03 6.6. L48.5 36.4 sh, Bl, V/Fn Grn, Slty, Frac
23 19.0-20.0 0.24 6.7 L49.2 37.3 Sh, Bl, V/Fn Grn, Slty, Frac
24 21.0-22,0 0.22 5.2 L40.3 L46.2 Sh, Bl, V/Fn Grn, Slty, Frac
25 23.0-24.0 0.27 5.9 28.8 55.9 Sh, Bl, V/Fn Grn, Slty, Frac
26 25.0-26.0 0.50 4.5 20.0 59.9 Ssh, Bl, V/Fn Grn, Slty, Frac
27 27.0-28.0 0.03 - 6,1 27.8 57.3 sh, Bl, V/Fn Grn, Slty, Frac
28 29.0-30.0 0.66 6.7 32.8 9.2 sh, Bl, V/Fn Grn, Slty, Frac
29 31.0-32.0 0.03 6.8 27.9 57.3 Sh, Bl, V/Fn Grn, %W/Lmy S1lt Strks, Frac
30 33.0-3L.0 0.0k 6,2 27.4 56.5 sh, Bl, V/Fn Grn, W/Lmy S1t Strks, Frac
31 35.0-36.0 0.17 5.2 32.7 Lh.2 sh, Bl, V/Fn Grn, W/Lmy S1t Strks, Frac
32 37.0~38.0 0.17 5.5 25,5 56.3 Sh, Bl, V/Fn Grn, Sliy, Frac
33 39.0-L0.0 0.17 5.9 27.1 64.3 Sh, Bl, V/Fn Grn, Slty, Frac
3L 41.0-42.0 0.13 s.L, 38.9 k8.1 sh, Bl, V/Fn Grn, W/Lmy Slt Strks, Frac
35 43.0-L4.0 0.09 5.6 35.7 LL.6 Sh, Bl, V/Fn Grn, Slty, Frac
36 L5,0-L6.0 0.02 5.3 39.6 51.0 sh, Bl, V/Fn Grn, Slty, Frac

(Service #1-A)

These analyses, opinans or interpretations are hased on observations and materials supplied by the client to whom, and for whose exclusive

thic repert i made.
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CA.20 - CORE LABORATORIEZES. INc.
Petroleum Reservoir Engincering Page No. 2
DALLAS, TEXAS

CORE ANALYSIS RESULTS

Company BENSON-MONTIN-GREER _ Formation GALLUP ‘ File RP-3-2318
Well___LA PLATA MANCOS UNIT NO, 3(G=32) Core Type_ DIAMOND 3.5" Date Report 9=30-68
Field___IA PLATA (GALLUP) Drilling Fluid_CRULT OIL Analysts___ GALLOP
County_ SAN JUAN State_NEW MEX. Flev. 5988'GL Iocation_ 165Q'FN&EL, SEC 32-T32N-R13W
Lithological Abbreviations _
SAND . 3D DOLOMITE -DOL ANHYDRITE - ANHY SANDY . 3DY FINE-FN CRAYBTYALLINE-XLN BROWN - BRN FRACTURED.FRAC ILIGHYLY-IL/ -
it vrsanavr orsiirtnous ross | Limvoimy Conmte-Cst  amamveam-amNL  vaeavovay PN
RESIDUAL SATURATION
SAMPLE DEPTH PERMEABILITY POROSITY PER CENT PORE ° SAMPLE DESCRIPTION
NUMBER FEET ’ “”“KAT“‘CYS PER CENT oI :v?\:"z; AND REMARKS

(CONVENTIONAL ANALYSIS)

Sh, Bl, V/Fn Grn, W/Lmy Slt Strks, Frac

37. 5147.0-L48.0 2,80 6.3 33.3 50.7

38 49.0-50.0 0.0k 6.2 L45.1 35.5 Sh, Bl, V/Fn Grn, ¥/Lmy S1t Strks, Frac
39 51.0-52,0 0.02 6.3 U6, 34.9 Sh, Bl, V/Fn Grn, Slty,. Frac ,
10 53.0-54.0 ~ 0.10 5.6 33.9 U48,2 Sh, Bl, V/Fn Grn, W/Lmy S1t Strks, Frac
1 55.0~56.0 0.30 6.9 50.7 39.1 Sh, Bl, V/Fn Grn, W/Lmy Slt Strks, Frac
he 57.0-58.0 1.30 5.9 L2,y L40.7 Sh, Bl, V/Fn Grn, Slty, Frac

L3 59.0-60.0 T 0433 6.3 39.7 L42.8 Sh, Bl, V/Fn Grn, Sity, Frac

LbL 61,0-62.0 2,60 6.6 43.9 L40.8 Sh, Bl, V/Fn Grn, Slty, Frac

L5 63.0-6L.0 0.09 5.6 L6.1 37.5 Sh, Bl, V/Fn Grn, Slty, Frac

L6 65,0-66.0 1.30 6.2 50,0 L40.3 Ssh, Bl, V/Fn Grn, Slty, Frac

L7 67.0-68.0 0.33 6.3 L46.0 ., 39.7 Sh, Bl, V/Fn Grn, Slty, frac

148 69.0-70.0 0.50 4.7 3L.0 38,3~ 'Sh, Bl, V/Fn Grn, Slty, frac

L9 71.0-72.0 0.0L 6.0 L6.7 L0.0 Sh, Bl, V/Fn Grn, Slty, Frac

50 73.0-74.0 0.17 7.6 L0.8 40.8 Sh, Bl, V/Fn Grn, ¥/Lmy S1t Strks, Frac
51 75.0-76.0 0.19 5.3 13.2 T71.7 Sh, Bl, V/Fn Grn, ¥/Lmy S1t Strks, Frac
52 77.0-78.0 0.31 5.7 15.8 73.6 sh, Bl, V/Fn Grn, W/Lmy S1t Strks, Frac
53 5180.0-81.0 0.21 5.9 15.2 67.8 Sh, Bi, V/Fn Grn, W/Lmy S1t Strks, Frac
5L 85.0-86.0 0.02 6.4 1kl 7.9 Sh, Bl, V/Fn Grn, Slty, Frac

55 90.0-91.0 0.01 6.2 14.5 74.2 Sh, Bl, Fn Grn, Slty, Frac

56 95.0-96.0 0.01 5.2 3.8 80.8 sh, Bl, Fn Grn, Slty, Frac

57  5200,0-01.0 0.01 L.7 L.3 74l Sh, Bl, V/Fn Grn, Slty, Frac

58 05.0-06.0 0.02 5.2 3.8 77.0 Sh, Bl, V/Fn Grn, Slty, Frac

59 10.0~11.0 0.01 LO 5.0 75.0 Sh, Bl, V/Fn Grn, S1liy, Frac

60 15,0-16.0 0.04 4.8  10.4 68.8 sh, Bl, V/Fn Grn, Slty, Frac

61 20,0-21.0 0.32 4.8 0.4 73.0 Sh, Bl, V/Fn Grn, Slty, Frac

62 25,0-26.0 0.09 L4 11,4 77.2 Sh, BL, V/Fn Grn, Slty, Frac

63 30.0-31.0 0.01 L.2 11.9 76,2 Sh, Bl, V/Fn Grn, Slty, Frac

64 35.0-36.0 0.01 5.7 3.5 87.8 sh, Bl, V/Fn Grn, Slty, Frac

These analyses, opinons or interpretations are based on nbservations and materials supplied by the client to whom, and for whose exclusive and confidential use,
thic rennct is made. The inteepretatinne or opininns exnressed represent the beo pdonoent at Core Labovatmries, Ines €all eceors and amissians excepted); by
Come Tt eat et Iipes and s efiicer . and em 'll-_vttt. N TH T 1Y u-xgmn-niui‘tv Alud DO G0 WArcaity a0 fepresentatiens, A< to the pv“u’uctn’u), FORSMOAEE R S DN
o . st o ioany e, <as o other mineral well or sand i connection with which such report 18" used or relied upan.



CA-20 CORE LABORATORIES. INC.
Petroleum Reservoir Engineering

DALLAS, TEXAS

Page No.l_.___

CORE ANALYSIS RESULTS

Company_BENSON-ONTIN-GREER Formation GAILUP File RP-3-2326
Well____LA PIATA MANCOS UNIT NO. L(N-31)Core Type_  DIAYOND 3,5% Date Report 10-25-68
Field____LA PLATA (GALLUP) Drilling Fluid CRULE OIL Analysts___GALLOP
County___SAN JUAN State NEW MEX, Elev._6213!'3L Tocation_I56'FSL-1208!F¥L SEC 31-T32N-R13W
Lithological Abbreviations
BAND -SD ROLOMITE . DOL ANRYDRITE - ANNY BANDY - SDY PINK-FN CRYSTALLINE - XLN SROWN - 8RN FRACTURED - FRAC ILIOMTLV-IL/
taein v v osmiLirEncus.rose  Lievoiay COARSE-CSE  GmaNULARSGRNL  voaer.voy Peaalppiivainal N
SAMPLE DEPTH ' . PlillAIlLlTY PORCSITY] l!!;::A:EiATT::;:ION SAMPLE DESCRIPTION
NUMBER reet “"L.:"-N""' PER CEXT orL l JJ?\::; AND REMARKS
7L L SELEE LR PP LD TIPS A
A ( CONVENTIONAL ANALYSIS) /1/::7"-'9 PEAS Poar LS 2
1 2220.0-21.0 0.20 6.5 Lh.6 50.8 Sh, Bl, V/Fn Grn, W/Lmy S1t Strks, Frac
2 22,0~23.0 0.kl 8.3 39.7 56.6 sh, Bl, V/Fn Grn, %/Lmy Slt Strks, Frac
3 2h.0-25.0 0.20 7.8 41.1 53,8 sSh, Bl, V/Fn Grn, Slty, Frac A
L 26,0-27.0 0.20 8.4 48.8 L6,y sh, Bl, V/Fn Grn, V/Lmy S1t Strks, Frac
5  28,0-29.0 0.31 8.8 49.8 L5.5 sh, Bl, V/Fn Grn, W/Lmy S1t Strks, Frac
6 30.0-31.0 0.08 9.6 U5.8 50.0 S8h, Bl, V/Fn Grn, Vi/Lmy S1t “trks, Frac
7 32.0-33.0 0.20 6.8 S51.L k2.7 Sh, Bl, V/Fn Grn, W/Lmy S1t Strks, Frac
8  34.0-35.0 0.10 8.6 L47.7 50.0 Sh, Bl, V/Fn Gm, %/Lmy S1t Strks, Frac
9 36.0-37.0 0.01 8.3 S5hL.2 k2.2 sh, Bl, V/Fn Grn, Slty, Frac
10  38.0-39.0 0.02 8.3 L9.L  L7.0 sSh, Bl, V/Fn Grn, Slty, Frac
11 }0.0-hl.0 0.05 7.0 L7.1  L7.1 Sh, Bl, V/Fn Grn, Slty, Frac
12 L2.0-k3.0 0.01. 8.1 50.7 43,1 sh, Bl, V/Fn Grn, Slty, Frac
13 Lk.o-1L5.0 0.01 8.9 U43.9 50.5 .sh, Bl, V/Fn Grn, Slty, Frac
1 L6.,0-h7.0 0.02 8,4 3L.5 58,5 8h, Bl, V/Fn Gm, Slty, Frac
15 ° L8.0-49.0 0.01 8,3 L45.7 L5.7 Shy, Bl, V/Fn Grn, W/Lmy S1t Strks, Frac
16  50.0-51.0 0,20 8.9 50.6- 41,6 sh, Bl, V/Fn Grn, Slty, Frac ‘
17  52.0-53.0 0.01 8,1 543  35.8 sh, Bl, V/Fn Grn, W/Lgy S1t Strks, Frac
18  54,0-55.0 0.01 - 7.8 42.3 47.5 sh, Bl, V/Fn Grn, W/Lmy S1t Strks, Frac
19  56.0-57.0 0.0L 7.7 L5.3  48.0 sh, Bl, V/Fn Grn, %W/Lmy S1t Strks, Frac
20 58.0-59.0 0.01 8.2 k2.7 47.6 Sh, Bl, V/Fn Gra, W/Lmy S1t Strks, Frac
21 60.0-61.0 0.62 9.6 L40.5 51,0 Ssh, Bl, V/Fn Grn, Slty, Frac
22 62,0-63.0 1.20 9.6 1.7 50.0 Sh, Bl, \‘Ir/Fn Grn, Slty, Frac
23 64.0-65.0 0.04 7.8 37.2  56.L sh, Bl, V/Fn Grn, Sity, Frac
2L 66,0-67.0 0.08 7.8 37.2.  53.8 Sh, Bl, V/Fn Grn, Slty, Frac ) -
25  67.0-68.0 2.10 8.8 29.8  L7.7 sS4, G¥, V/Fn Grn, Lmy, ¥/Shale Strks, Frac
26 68.0-69.0 0.03 k.8 L1.6 48.0 8d, Gy, V/Fn Grn, Lmy, W/Sh Strks, Frac
27 - 69,0-70.0 0.36 7.7 29.0 41.6 sd, Gy, V/Fn Gra, Lmy, %/Sh Strks, Frac
28 70.0-71.0 1,60 9.6 LL.8 2.8 Sh, Bl, V/Fn Grn, W/Lay S1%t Strks, Frac
29 2272.0"‘73-0 0.17 9.2 h8.8 )-‘002 Sh, Bl, V/Fn Gm, Y""{/Lmy Slt Strks, Frac
30 7L4.0-75.0 0.08 10.3 63.1  32.0 Sh, Bl, V/Fn Grn, Slty, Frac
Service #1-4
These analyses, or s or inter pret; are based on nbservations and materials supplied by the client to whom, and for whose exclusive and confidential use,
thie renort is made. The interpretations ar apinions expressed represent the hed indement ot Coze Taborataries, Trne  fall enors and omizsions exeepted) s bt
P ."‘\ sries, ine. and its oilficers and ewplovess, astme ne testealnhY dial MARe DO WaITAIY 01 representaren ., as o the prenuntieily, o e s ge -
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CA-20 CORE LABORATORIES. INC.
Petroleum Reservoir Engineering Page No.__2
DALLAS, TEX_AS
CORE ANALYSIS RESULTS
Company_BTNSON-2IONTIN-GREER Formation_____GALLUP File RP-3-2326
Well 1A PLATA MANCOS UNIT NO. L Core Type___ DIAMOND 3,5% Date Report 10-25-568
Field___ LA PLATA (CALLU?) _ (B-31)  prilling Fluid_CRUDE OIL Analysts___GALTOP
County SHT JULN State NEW MEX. Fjev6113'GL Location. 756!FSL 1208'FifL SEC 31-T3I2N-RI13W
- Lithological Abbreviations
SANRD - 5D DOLOMITE-DOL ANMYORITE - ANHY SANDY -4DY FPINE-FN CRYSTALLINE -XLMN BROWN - BAN FRACTURED - FRAC lI.IGN‘I’I.'-lL/
o vevonave roRsiiiriuoka.ross -, LiM¥-LwT GonsEicex  omanvism-emwe  wvsavovar Tvlotimie sty wemvd
- RESIDUAL SATURATIQN

SAMPLE DEPTH 'PIRMIABILSTT' POROSITY PER CENT PORE SAMPLE DESCRIPTION

NUMBER FLET “"'kw“c" PER CENT oL l ;‘::‘;; AND REMARKS
31 2276,0-77.0 0.60 8.9 50.5 37.1 sh, Bl, V/Fn Grn, Slty, Frac
32 78.0-79.0 0.07 9.2 56.5 36.9 sh, Bl, V/Fn Grn, Slty, Frac
33 8Q.0-81.0 0.02 8.5 '52.86  ll1.1 sh, Bl, V/Fn Grn, Slty, Yrac
3,  82,0-83.0 0.03 8., L4l  L6.; Sh, Bl, V/Fn Grn, Sity, Frac
35 811.,0-85.0 0.57 7.2 18.1 69.5 Sh, Bi, V/Fn Ym, Slty, Frac ‘
36 £6.0-87.0 0.1 7.3 9.6 75.3 Sh, Bl, V/Fn Grn, W/Lmy S1t Strks
37 88.0-89.0 0.01 5.8 086 7h.1  Sh, Bl, V/Fn Grn, W/Lmy S1t Strks
38 90.0-91.0 0.02 7.4, 6.7  81.0 Ssh, Bl, V/Fn Grn, W/Lmy S1t Strks
39 92,0-93.0 0.03 6.8 3.0 77.8 Sh, Bl, V/Fn Grn, %/Lumy °1t Strks
Lo 9L4.,0-95.0 0.11 6.1 3.3 78.7 Sh, Bl, V/Fn Yrn, Slty
I 96.0-97.0 0.08 5.7 3.5 62,4 Sh, Bl, V/Fn Gm, Sity

Thc«: analyses, opinons or interpretations are hased on observations and m‘\tenals supphed by the chent tn whom, and for whn:e exclusive and cnnﬁdemnl use,
! \|< repe rt 16 Mad !e The mt rptthh M or oplmf\ni rxpressed represent che : M pe o
e N in

"
. ...-.;.‘ “tiae

Tiwerrs am! emplovee-

Note: To correspond with Schlumberzer log depths:

Add 9t to interval 2220 to 2245 feet
Add 8' to interval 2245 to 2270 feet
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Ca-20 CORE LAZORATORIZI. INC,
Petroleum Reservoir Enginesring Page No.__ i -
DALLAS, TEXAS
CORE ANALYSIS RESULTS
Company__BENSON=MONTIN=-GKEER Formation GATIIR File RP-3-2312
Well IA_PIATA MANCOS UNIT WIM NO, 6 Core Type__ DIAMOND 3,50 Date Report 8=20L=68
Field Ly 21474 (GALLUR) Drilling Fluid_CRUDZ OIL Analysts___GALLOP
County___ SAN JUAN State_ NEW MEX. Elev. 6015'XB Location_ SEC 6-T32N=R13W
Lithological Abbreviations
SAND-%0 DOLOMITE - DOL ANHYDRITE - ANKY SANDY . SDY PINE-FN CRYSTALLINE-XLN BROWN - BRN FRACTURED -FRAG lLlﬂu'L’l-ll./
pvrait avrsum-ove FossiLirknoun-ross  umvoiwy. CoARSE St omAmuLAm.GNL  vooav.voy SoLimic- sty ik
SAMPLE DEPTH PERMEABILITY POROSITY Rxs’:g:Aé.Ei:‘Tl;l;;'EION SAMPLE DESCRIPTION
NUMDER | FEET “"‘k;”":" PER CENT o :vi'_"r"‘:; AND REMARKS
(Note: Add 9! to below listed core depths
: to correspond to depths on Schlum-
( CONVENTIONAL ANALYSIS) berger log run 8-29-48.)
1 3995.0~96.0 0.29 8.3 L2.2 L6.9 sh, Bl, V/Fn Grn, W/Lmy S1lt Strks, Frac
2 97.0~98.0 0.11 9.0 41,1 L2.2 Sh, Bl, Slty, V/Fn Grn, Frac
3 99.0-C0.0 0.10 9.6  38.5 LB8.9 Sh, Bl, V/Fn Grn, V/Lmy S1t Strks, Frac
L 1001.0-02.0 0.32 8.7 41.3 43.7 Sh, Bl, V/Fn Grn, W/Lmy S1t Strks, Frac
5 03.0-0L.0 0.22 9.2 38,0 L6.7 sh, Bl, V/Fn Grn, Slty, Frac
6 05.0-06.0 0.07 8.6  39.5 51.2 sSh, Bl, V/Fan Grn, Slty, Frac
7 07.0-08.0 0.16 9.1 37.4 50.6 Sh, B1, V/Fn Grn, Slty, Frac
8 09.0-10.0 0.06 9.1 39,5 52.7 Sh, Bl, V/fn Grn, Slty, Frac
9 11.0-12.0 0.32 9.L 2.6 L48.9 sh, Bl, V/Fn Grn, Slty, Frac
1 13.0-1}4.0 0.99 8.5  37.7 5L.1 sh, Bl, V/Fn Grn, Slty, Frac
11 15.0-16.0 0.02 8.0 48.7 Ll.2 Sh, Bl, V/Fn Grn, ¥/Lmy S1t Strks, Frac
12 17.0-18.0 0.02 7.5 52.0 36.0 Sh, Bl, V/Fn Grn, W/Lmy S1t Strks, Frac
13 19.0-20.0 0.06 7.5 k1.3 L49.3 Sh, Bl, V/Fn Grn, W/Lmy S1lt Strks, Frac
1 21.0-22.0 0.19 7.7 L48.2 1.2 sh, Bl, V/Fn Grn, V/Lmy S1t Strks, Frac
15 23.0-24.0 0.11 7.9 .2 Lh.2 Shy, Bl, V/Fn Grn, #/Lmy S1t Strks, Frac
16 25.0-26,0 0.08 7.5  38.6 L49.3 Sh, Bl, V/Fn Grn, %W/Lmy Slt Strks, Frac
17 27.0-28.0 0.02 7.9 37.9 50.6 Sh, Bl, V/Fn Grn, W/Lmy S1t Strks, Frac
18 29.0-30.0 0.11 8.6 33.7 5L.6 sh, Bl, V/Fn Grn, W/Luy S1lt Strks, Frac
19 31.0-32.0 1.70 8.9 ~ 39.3 52.7 Sh, Bl, V/fn Grn, Slty, Frac
20 33.0-3L.0 0.07 7.9 36.7 57.0 Sh, Bl, V/Fn Grn, Slty, Frac
21 35.0-36.0 ‘0.1l 6.6 9.3 37.7 Sh, Bl, V/Fn Grn, W/Lmy Slt Strks, Frac
22 37.0-38.0 0.10 7.9  51.8 39.2 sh, Bl, V/Fn Grn, Slty, Frac
23 39.0-40.0 0.07 7.0 Lh.3 L7.2 sh, Bl, V/Fn Grn, Slty, Frac
2k L1.0-kL2,0 0.06 7.4 41.8 52.7 Sh, Bl, V/Fn Grn, W/Lmy S1t Strks, Frac
25 43.0-Lk.0 0.01 7.3 39.7 50.7 Sh, Bl, V/Fn Grn, ¥/Lmy S1lt Strks, Frac
26 15.0-46.0 0.13 7.0 .2 L7.2 Sh, Bl, V/Fn Grn, Slty, Frac
27 L7.0-L8.0 0.02 7.0 40.0 45.7 Sh, Bl, V/Fn Grn, Slty, Frac
28 49.0-50.0 0.03 7.0  Li.L L7.1 Sh, Bl, V/Fn Grn, %/Lmy Slt Strks, Frac
29 £1.0-52.0 0.01 Tkt Lo.6 51.3 Sh, Bl, V/Fn Grn, Slty, Frac
30 53.0-54.0 0.03 8.1 38.3 35.8 Sh, Bl, V/fn Grn, %/Lmy S1lt Strks, Frac
31 55.0-56.0 0.06 6.8 30.9 61.7 Sh, Bl, V/Fn Gra, W/Lmy S1t Strks, Frac
32 57.0-58.0 0.09 6,3 31.8 55.6 Sh, Bl, V/Fn Grn, Slty, Frac
33 59.0-60.0 0.01 6.5 27,2 61.5 sh, Bl, V/Fn Grn, Slty, Frac
3L 61.0-62,0 2.0 7.2  L0.2 L8.5 sh, Bl, V/Fn Grn, Slty, Frac
35 63.0-6L.0 L.8 6.7 31.3 *\61.2 sh, Bl, V/Fn Grn, V//Lny S1t Strks, Frac
3 65.0-66.0 0.83 7.2 27.7 '63.8 Shy, Bl, V/Fn Grn, Slty, Frac
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. CORZ LAEORATORIES.
Petroleum Reservoir Enginesring
DALLAS, TEXAS

CA-20 INC.

CORE ANALYSIS RESULTS

Company_ BENSON=}ONTIN-GREER Formation~

Page No_2

Well____ LA PIATA MANCOS UNIT "I" NO. 6 Core Type
Field 1A PIATA (GALLUP)

County__ S4M JUAN

State. NEW MEX, Flev._§015'XB Iocation_SEC 6=T32N-R1 3V

GALLUP File RP-3-2312
DIAMOND 3,5% Date Report_8-2L-68
Drilling Fluid_ CRUDE QIL Analysts CGALIOP

Lithological Abbreviations

SAND -S5O DOLOMITE-DOL ANHYORITE . ANNY SANDY -SDY FINE-FN

CRYSTALLINE.XLN

BAOWN - BRN

FRACTURED - FRAC

sLIGHTLY -sL/
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( CONVENTIONAL ANALYSIS) .

37 L067.0-68.0 0.13 6.0 36,6 U4B8.3 Sh, Bl, V/Fn Grn, W/Lmy S1lt Strks, Frac
38 69.0-70.0 0.37 4.8  Lkl.7 k3.7 Sh, Bl, V/Fn Grn, ¥/Lmy S1lt Strks, Frac
39 71.0-72.0 0.10 5.1 3.1 L45.1 Sh, Bl, V/Fn Grn, W/Lmy S1t Strks, Frac
Lo 73.0-7L.0 0.66 6.1 L2.6 L0.9 Sh, Bl, V/Fn Grn, VW/Lmy Sit Strks, Frac
L1 75.0-76.0 0.07 7.1 39,4 45.1 sh, Bl, V/Fn Grn, ¥%/Lmy Slt Strks, Frac
L2 77.0-78.0 0.40 7.2 40.2 48.6 sh, Bl, V/Fn Grn, Slty, Frac

L3 79.0~80.0 0.13 7.6 32,9 56,5 Sh, Bl, V/Fn Grn, Slty, Frac

LYy 4150.0-51.0 0.83 5.5 25,4 63.6 Sh, Bl, V/Fn Grn, W/Lmy Slty Strks, Frac
L5 52.0-53.0 1.30 5.0 30.0 58.0 Sh, Bl, V/Fn Grn, W/Lmy S1t Strks, Frac
16 54.0-55.0 0.83 5.8 27.5 56.8 sh, Bl, V/Fn Grn, W/Lmy Slt Strks, Frac
L7 56,0-57.0 5.3 5.1 33.4 52.9 Sh, Bl, V/Fn Grn, S/Lmy S1t Strks, Frac
L8 58.0~59.0 0.06 5.7 29.0 SL.3 Sh, Bl, V/Fn Grn, S/Lmy Slt Strks, Frac
L9 60,0-61.0 <0.01 L.7 25.5 57.4 Sh, Bl, V/Fn Grn, W/Lmy S1t Strks, Frac
50 62.,0-63.0 0.21 5.9 . 27.2 57.6 Sh, Bl, V/Fn Grn, Sliy, Frac

51 6l,0-65.0 0.06 5.8 32,8 56.9 Sh, Bl, V/Fn Grn, ¥/Lmy Slt Strks, Frac
52 66.0-67.0 0.83 6.1 41,0 L9.2 Sh, Bl, V/Fn Gra, W/imy St Strks, Frac
53 68.0-69.0 0.0l 6.7 38.8 149.3 Sh, Bl, V/Fn Grn, Slty, Frac

gl 70.0-71.0 0.03 6.5 32,3 58.5 Sh, Bl, V/Fn Grn, Slty, Frac

55 72.0-73.0 0.02 6.6  30.3 57.5 Sh, Bl, V/Fn Grn, Slty, Frac

56 7L.0-75.0 0.11 6.5 Lh.6 L1.6 Sh, Bl, V/Fn Grn, W/Lmy S1t Strks, Frac
57 76.0-77.0 0.01 5.9  35.6 52.5 Sh, Bl, V/Fn Grn, Slty, Frac

58 78.0-79.0 5.5 s.9  37.3 L2.3 sh, Bl, V/Fn Grn, ¥/Lmy S1t Strks, Frac
59 80.0-81.0 1.50 7.3 38,3 52,0 sh, Bl, V/Fn Grn, W/Lmy Sliy Strks, Frac
60 82,0-83.0 0.06 8.1 42,0 L6.8 Sh, Bl, V/Fn Grn, Slty, Frac

61 84.0-85,0 2.2 7.9  39.2 5Sh.h Sh, Bl, V/Fn Grn, Slty, Frac

62 86.0-87.0 1.50 S.4, 53,6 33.4 Sh, Bl, V/Fn Grn, W/Lm Slty, Strks, Frac
63 88.0-89.0 0.03 7.0 42,8 10.0 Sh, Bl, V/Fn Grn, Slty, Frac

&l 90.0-91,0 1.12 5.8 56,9 34.5 Sh, Bi, V/Fn Grn, Slty, Frac

.65 92,0-93.0 0.33 6.7 52.2 L0.3 Sh, Bl, V/Fn Grn, Slty, Frac

€6 94.0-95.0 0.0L 7.5  u4,0 L6.7 Sh, Bl, V/Fn Grn, W/Lmy S1t Strks, Frac
67 96.0-97.0 0.33 6.7 L9.1 L0.3 Sh, Bl, V/Fn Grn, Slty, Frac

68 98.0-99.0 0.83 7.3 3.8 k6.5 sh, Bl, V/Fn Grn, %/Lmy Slty Strks, Frac
69  4200.0-01.0 0.09 6.9 50.7 42.0 sh, Bl, V/Fn Grn, Vi/Lmy Slt Strks, Frac
70 02.0-03.0 0.50 9.4 1.4 52.0 Sh, Bl, V/Fn Grn, Slty, Frac

71 0L.0-05.0 0.08 8.5 43.5 k3.5 5h, Bl, V/Fn Grn, S1lty, Frac

72 06.0-07.0 “1.30 7.5 9.2 Lh.0 Sh, Bl, V/Fn Grn, V/Lmy S1t Stris, Frac
73 08.0-09.0 8.2 51,2 34.2 Sh, Bl, V/Fn Grn, ¥/Lmy S1lt Strks, Frac
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Cad CORE LAEORATORIZES. INC.
Petroleum Reservoir Enginesring Page No. 3
DALLAS, TEXAS ’

— ; CORE ANALYSIS RESULTS

Company_BESOMN=-}ONTIN-GREER Formation GALLU? File Ro-3-2312
. Well___LA PLATA MANCOS UNIT "I" MO. 6 Core Type___ DIAMOND 3,5 Date Report_8-21-68
Field 14 PIATA (GALLUR) Drilling Fluid_ CRUDZ OIL Anralysts GALLOZ
County_ SAN JUAN _ State NEW MEX, Elev 6015‘x\f8 Location. SEC 6=T32N=R13\
B Lithological Abbreviations
SAND . 3D DOLOMITE«DOL ANNYDRITE - ANNY BSANDY .B0Y FINE-FN CRAYSTALLINK . XLN BROWN » BAN FRACTUAED . FRAC 3LIGNTL'-'L/
SHALE-SM CHERT.CH CONGLOMERATE -CONG SHALY - SHY MEDIUM . MED CRAIN -GRN GRAY.GY LAMINATION - LAM VIR\'-V/

LIME-LM GYPSUM - GYP FOSSILIFEROUS - FOSS LMY . LMY COARSE-CSE GRANULAR - CINI. VUGGY - VGY STYLOLITIC-8TY vnru-w/

) RESIDUAL SATURATION
SAMPLE DEPTH PERMEABILITY POROSITY PER_CENT PORE SAMPLE DESCRIPTION

L v
NUMEBER FEET Mt I'{o‘“c hd PER CENT oL ( TOTAL AND REMARKS
A WATER

— (CONVENTIONAL ANALYSIS) _ .
48.2 L41.2 sh, Bl, V/Fn Grn, ¥/Lmy S1lt Strks, Frac

74 14210.0-11.0 0.09 8.5
75 12,0-13.0 <0.01 6.9 50.7 L2.0 Sh, Bl, V/Fn Grn, %/Lmy Slt Strks, Frac
76 1l,0~15.0 0.06 8.1  L40.7 L8.0 Sh, Bl, V/Fn Grn, Slty, Frac
77 16,0-17.0 0.02 8.3 45.7 L45.7 Sh, Bl, V/Fn Gm, Slty, Frac
. 78 18,0-19.0 2.5 7.9  39.2 WL4.3 Sh, Bi, V/Fn Grn, VW/Lmy Sit Strks, Frac
- 79 20.0-21.0 1.8 8.0 11,3 51.2 sh, Bl, V/Fn Grn, W/Lmy Slt Strks, Frac
go 22,0-23.0 0.17 7.3 46.6 1,1 Sh, Bl, V/fn Grn, W/Lmy S1t Strks, Frac
. 81 25;.0-25.0 0.10 6.5 h9.1 L0.0 sh, Bl, V/Fn Grn, Slty, Frac
. 82 25.0-27.0 0.10 7.0 55.8 3l.h sh, Bl, V/Pn Grn, Slty, Frac
83 28,0-29,0 0.02 7.5  50.7 37.3 Sh, Bl, V/Fn Grn, W/Lmy Slt Strks, Frac
, & 30.0-31.0 8.3 6.6 L5. 39.h; Sh, Bl, V/Fn Grn, W/Lmy Slt Strks, Frac
S8 32,0-33.0 0.37 6.5 47.7 Lki.6 sh, Bl, V/Fn Grn, W/Lmy S1t Strks, Frac
- 85 34.0-35.0 0.10 7.3 35.6 45.2 sh, Bl, V/Fn Grn, ¥/Lmy Sit Stms, Frac
87 36.0-37.0 0,06 6.3 33.3 L9.2 sh, Bl, V/Fn Grn, ¥/Lmy S1t Sirks, Frac
* 83 38.0-39.0 0.02 6.0 35.0-~ 45.0 Sh, Bl, V/Fn Grn, W/Lmy S1t Sitrks, Frac
- 89 4,0.0-41.0 0.02 7.9  35.4 L2.9 sh, Bl, V/Fn Grn, W/Lmy S1t Strks, Frac
90 42,0-43.0 0.0l 7.0 Lko.0 L8.6 sh, Bl, V/Fn Grn, Slty, Frac
: 91 ki, 0-45.0 <0.01 6.8 17.6 66.2 sh, Bl, V/Fn Gra, Slty, Frac
- 92 L6.0-47.,0 0.83 8.2 36.5 L6.3 Sh, Bl, V/Fn Grn, W/Lmy S1t Strks, Frac
93 18.0-L9.0 0.19 6.2 33.8 48.3 sh, Bl, V/Fn Grn, Slty, Frac
. 9 £0.0-51,0 0.02 6.6  42.3 39,4 Sh, Bl, V/Fn Grn, Slty, Frac
_ 95 52.0-53.0 0.20 6.2 50.0 35.5 Sh, Bl, V/Fn Grn, #/Lmy Slt Strks, Frac
96 S4.0-55.0 0.06 7.1 43.6 L3.6 sh, Bl, V/Fn Grn, W/lmy S1t Strks, Fra
. 97 £6,0-57.0 0.33 7.0 Li.4 L1.L  Sh, Bl, V/Fn Grn, W/Lmy 1t Strks, Frac
98 58.0-59.0 0.17 6.7 3.3 L0.2 sh, Bl, V/Fn Grn, V/Lmy S1t Sirks, Frac
99 60.0-61,0 0.01 7.6 38,2 L0.7 Sh, Bl, V/Fn Grn, W/Lmy St Stirks, Frac
1C0 62,0-63.0 0.01 6.7 49.2 32.8 sh, Bl, V/Fn Grn, Slty, Frac
201 64.,0-65.0 2.3 5.7 L9.1 35.1 Sh, Bl, V/Fn Crn, %/Lmy St Strks, Frac
R Yo 65.,0-67.0 0.17 7.4 Lh.6 Lh.6 Sh, Bl, V/Fn Grn, ¥/Luy Slt Strks, Frac
103 68.0-69.0 0.07 6.2 50,0 35.5 Sh, Bl, V/fn Grn, ¥%/Lzmy S1t Strks, Frac
104 70.0-71.0 0.19 6.3 52,3 34.9 Sh, Bl, V/Fn Grn, ¥W/Lmy Slt Strks, Frac
— 105 72.0-73.0 12 6.6 L5.4 L2, sh, Bl, V/¥n Gra, Slity, Frac
106 74.0-75.0 0.21 6.0 L9.3 36.7 sh, Bl, V/Fn Grn, sn,;, Frac
107 76.0-77.0 0.1} - 641 50.8 39.3 Sh, Bl, V/Fn Grn, %/Lmy S1lt Strks, Frac
— ;_oa 78,0-79.0 0.66 5.8 k6.5 37.9 sh, Bl, V/Fn Grn, ¥/Lmy S1t Strks, Frac
109 80.0-81.0 0.01 7.0 57.1 31,k sh, Bl, V/Fa Grn, Slty, Frac .
1) &2.0-83.0 <0.01 5.6~ 39.2 L8.2 sh, Bl, V/Fn Gm, ¥/Lay Slt Su‘:l.s, Trac
_onic 8L.0-85.0 3.0 6.3 39.7 L6.0 sh, Bl, V/Fn Grn, W/Lmy S1t Sirks, Frac

Tnttc ana!) e opmnm or nterprctauont are based on obunatnuns and mucrnls mppl cd bv the cl:cnt to whom, and fnr uhns: ¢~<c1u>ne and cnn c’emizl use,
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Company__BZIS0N-ONTIH-GREER

CCRZ=
Petroleura

CORE ANAIL

Formation

LAEORATORIZS.
Reservoir Engineering
DALLAS, TEXAS

INC.

LYSIS RESULTS

GALLUP

File

Page No.—__’-!

RP-3-2312

Well LA PIATA MANCOS UNIT "I" NO. 6 Core Type_ DIZLOND 3.5% Date Report_8=2/1=68

Field__ L& PIATA (GALLUP) Drilling Fluid_CRUDE_OIL, Analysts___ GALLOP

County__ SAN JUAN State. NEW MEX, Elev. 6015'KB Iocation. SEC 6-T32N-R13W

Lithological Abbreviations

SAND - 5D DOLOMITE-OOL ANHYDRITE-ANMY SANDY .SDY FINE-FN CRYSTALLINK-XLN BROWNM - BRN FRACTURED - FRAC SLIGNTLV-‘L/

T vravm v bbbl oo Letneiee embOame.  vesavovar P AN
SAMPLE DEPTH PERMEABILITY POROSITY n:s;g:a:si:_ft;z:gou SAMPLE DESCRIPTION
NUMBER FEET “”'LIEZA"C" PER CENT otL ;"g‘;f;’; AND 'f‘""“‘s

(CONVENTIONAL ANALYSIS)

112 1286,0-87.0 - 0.02 6.6 3.9 L6.9 sh, Bl, V/Fn Grn, Slty, Frac

113 88.0-89.0 0.33 6.9 L45.9 L7.8 sSh, Bl, V/Fn Grn, Slty, Frac

1 90.0-91.0 <0.01 8.2  4o0.2 L7.5 sh, Bl, V/Fn Grn, Slty, Frac

115 92,0-93.0 <0.01 8.3 k2,2 47.0 Sh, Bl, V/Fn Grn, ¥W/Lmy S1t Strks, Frac
115 94,0-95.0 0.50 5.1  17.6 68.5 Sh, Bl, V/Fn Grn, V/Slty

117 96,0-97.0 3.3 5.2  13.5 76.8 Sh, Bl, V/Fn Grn, V/Slity

118 96.0-99.0 0.02 7.2 6.9 79.2 sh, Bl, V/Fn Grn, V/31lty

119  4300.0-01.0 0.01 5.2  13.4 69.2 sh, Bl, V/Fn Grn, V/Slty

120 02.0-03.0 <0.01 L.2 16.6 76.2 sh, Bl, V/Fn Grn, V/Slty, ¥/Lmy Sit Stris
121 0l,0-05.0 0.50 5.0 10.0 84.0 Sh, Bl, V/Fn Grn, V/S1lty, W/Lmy S1% Strks
122 06.0-07.0 <0,01 5.0 10.0 76.0 Sh, Bl, V/Fn Grn, V/S1lty, W/Lny S1t Strks
123 08,0-09.0 0.22 S. 9.2 77.8 Sh, Bl, V/Fn Grn, V/51ty, V/Lay Sit Strks
12l 10,0-11,0 0.09 6.0 8.3 73.3 Sh, Bl, V/Fn Grn, V/Slty, "’/Llry S1t Striks
125 12,0-13.0 3.0 6.3 7.9 74,2 sh, Bl, V/Fn Grn, V/Slty, ¥/Lmy Sit Strks
126 1),0-15.0 <0.01 S.b 9.3 81.5 Sh, Bl, V/Fn Grn, V/Slty, W/Lmy S1lt Strks
127 16.,0-17.0 0.05 6.0 8.3 76.6 sh, Bl, V/Fn Grn, V/Slty, %/Lmy Slt Strks
128 18.0-19.0 0.01 6.3 7.9 69.9 sh, Bl, V/Fn Grn, V/Slty

129 20.0-21,0 0.07 S.h 9.3 74.0 Sh, Bl, V/Fn Grn, V/Slty, W/Lny Sit Strks
130 22.0-23.0 0.18 5.7 8.7 70.1 sh, Bl, V/Pn G, V/Sliy, “/Lay S1t Strks
131 2l1.0-25.0 <0.01 b6 10,9 71.7 Sh, Bl, V/Fn Grn, V/Slty, W/Lmy S1t Stris
132 26,0-27.0 0.08 5.8 8.6 7Lh.1 sh, Bl, V/Fn Gra, V/Slty, %/Lmy S1t Stris
133 28.0-29.0 0.09 6.2 8.1 77.3 sh, Bl, V/Fan Grn, V/Slty, ¥%/Lmy S1lt Strks
3L 30,0-31.0 - 0,07 6.8 7.3 82,4 sh, Bl, V/fn Grn, V/Slty
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CAn CORE LABORATORIES. INC.

Petroleum Reservoir Engineering Page No._1=A
DALLAS, TEXAS

CORE ANALYSIS RESULTS

Company BENSON-MONTIN-GREER _ _ __  ___ Formation__ - GAILUP. _ _ _  __ File. __ RP=3-2312
Well._ LA_PLATA MANCOS UNIT "I" NO., 6 Core Type. . DIAMOND 3.5"  _ _ _ D Report B-24-68 —

Field_ __ 1A PLATA (GALLUP) _ . — —_._ Drilling Fluid_CRUDE OIL _ Aty GALLOP
County._SAN JUAN __ sute NEW MEX. Elev. 6015'KB _Location_ SEC 6-T32N-RI13W

Lithological Abhreviations

SANDT SO DOLOMITE - DOL ANKYORITE .ANMY o IA::V-SDV 'I:Dl-l'n CRYSTALLINEG . XLMN WROWN - BRN l:lCY:Y:!oD ’::i ::.-av."vLI'..L/
sampic DERTH i PERMEARILITY i"°NP‘""’;,_'is_'lgfit;;‘;;:;;'?"—W- SAMPLE DESCRIPTION
_N-u:-c:fu FEET ! " PER CENT. o ' L‘i‘;‘é: . AND REMARKS B
( WHOLE-CCRE ANALYSIS) :
1  L000.0=01.0 it 6.7 19.8 60.3 Sh, Bl, V/Fn Grn, Slty, Frac
2 0L ,0=05.0 i 6.6 19.L 59.7 Sh, Bl, V/Fn Grm, Slty, Frac
~ 3 10.0-11.0 *h 8.3 15.3 66.9 Sh, Bl, V/Fn Grn, Slty, Frac
L 1%:.9-15.90 #1,12 5.6 22.0 S4.5 Sh, Bl, V/Fn G, W/Lmy S1t Strks, PFrac
5 20.0-21.0 - 6.0 19.8 66.5 sh, Bl, V/Pn Grn, %/Lmy S1t Strks, Frac
6 24.0-25.0 e 7.0 17.2 62,2 Sh, Bl, V/Fn Grn, W/Lmy S1t Strks, Frac
7 30.0-31.0 i 6.9 20.6 57.5 Sh, Bl, V/Fn Grn, Slty, Frac
8 3L.0-35.0 - 6.5 13.6 63.3 Ssh, Bl, V/Fn Grm, Slty, Frac
9 Lo.o-L1.0 " 5.0 19.4 62.6 Sh, Bl, V/fn Gm, Slty, Frac
lo MJQO"LSOO it 700 1209 71.3 Sh, Bl, V/Fn Gm, Slt’l, Frac
11 50.,0-51.0 #0,01 6.2 21.7 62.2 Sh, Bl, V/Fn Grn, Slty, Frac
_ 12 54.0-55.0 * 8.2 17.8 66.8 Sh, Bl, V/Fn Grn, Slty, Frac
13 60.7-61.0 #0,07 5.9 15.3 62.5 Sh, Bl, V/Fn Grn, W/Lmy S1t Strks, Frac
1L 6l.,0-65,0 *it 7.0 12,6 72.7 Sh, Bl, V/Fn Grn, Slty, Frac
15 70.0-71.0 #0.99 5.3 20.2 59,4 Sh, Bl, V/Fn Grn, %/Lmy S1t Strks, Frac
16 7L.0-75.0 %0.03 L.k 21,4 55,9 Sh, Bl, V/Fn Yrn, W/Lmy S1t Strks, Frac
17  L4155.0~56.0 " 4.7 12.0 78.3 sh, Bl, V/Fn Grn, Slty, Frac
18 59.0-60.0 #1.8 3.5 12.1 73.5 Sh, Bl, V/Fn Grmn, Slty, Frac
19 65.0=66.0 %#<0,01 6.0 16.2 62.8 sh, Bl, V/Fn Grn, W/Lmy S1t Strks, Frac
20 . 69.0-70.0 e 5.1 16.6 74.6 Sh, Bl, V/Pn Grn, VW/Lmy S1% Strks, Frae
22 75.0=76.0 e 5.4 23.9 62.7 Sh, Bl, V/Fn Grm, W/Lmy S1t Strks, Frac
22 79.0-80.0 o 5.5 2.0 49.8 sh, Bl, V/fn Grn, */Lmy S1t Strks, Frac
23 85.0-86.0 w3 5.6 20.7 6é8.3 Sh, Bl, V/Fn Grn, W/Lmy S1lt Strks, Frac
T2k 89.0-90.0  d 5.3 26,5 63.3 sh, Bl, V/Fn Grn, W/Lmy Slt Strks, Frac
25 95.0-96.0 #<0.01 5.5 25.7 68,2 sh, Bl, V/Fn Grn, Slty, Frac
26  14201.0-02.0 #<0.01 5.3 17.7 69.8 Sh, Bl, V/Fn Grn, W/Lmy S1lt Strks, Frac
- 27 05.0=-06.0 e 5.3 26.9 59.6 Sh, Bl, V/Fn Grn, Slty, Frac
28 09.0-10.0 *<0,01 5.9 25.0 66.6 sh, Bl, V/Fn Gm, Slty, Frac
29 15,0-16.0 #<0.01 6.3 23,1 66.0 sh, Bl, V/Fn Grn, Slty, Frac
- 30 19.0-20.0 #0,01 6.2 2.9 68.3 Sh, Bl, V/Fn Gm, W/Lmy Slt Strks, Frac
31 2500‘26.0 * 703 23.7 56.3 Sh, Bl, V/Fn Gm, W/Lmy S1t Strkﬂ, Frac
32 29.0-30.0 e L.3 22.6 56.4 sh, Bl, V/Fn Gm, %/Lmy Slt Strks, Frac
— 33 35.0-36.0 e 5.1 26.4 54.1 Sh, Bl, V/Fn Grn, W/Lmy S1t Strks, Frae

: #Indicates Plug Permeability
= ##Indicates Sample Unsuitable for Permeability Measurement

(Service #5-B)
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Ca-2n CORE LABORATORIES. INC.

Petrolenm Reservorr Engineering Page No._2=A____
DALLAS. TEXAS

CORE ANALYSIS RESULTS

Company BENSON-MONTIN-GREER _  _ __ Formation ___ _GALLUP __ _ ___ . File. __. RP=3=2312
well LA PLATA MANCOS UNIT "I* NO. 6 Corc Type . .. DIAMOND 3,57 Date Repors_6=2L=68. ___
Field _ __IA PLATA (GALLUP) _ . ____ . ._ ____ Drilling Fluid. CGRUDE CIL _ ___ . Analyss . GALLOP __ _
County. SAN JUAN _ . _State NE’-" MEX, Elev. 60Y5'KB Location_SEC 6—1’}2N-R1_3W .
Lithological Abbreviations

BIGQEnT smbie. TR b SWOCC mmUT Gmmoumn mme

SAMPLE DEPTH H PERMEABILITY vFOROSITY "s;::AéE:l:‘T::;TEION ‘ SAMPLE DESCR'PTION

NUMBER FEET ' "'“ﬁ"cvs ~PtRC!N'I.': -.°|L : :v‘i:;:w AND REMARKS

( WHOLE-CORE ANALYSIS)

34 L239.0-L0.0 #0,02 h.9 20.0 6i.4 Sh, Bl, V/Fn Gm, W/Lmy Slt Strks, Frac
35 45.0-46.0 3 5.2 22.3 65.3 Sh, Bl, V/Fn Gm, W/Lmy S1t Strks, Frac
36 L19.0-50.0 e 3.7 12,5 55.1 Sh, Bl, V/Fn Grn, %/Lmy S1t Strks, Frac
37 55.0-56.0 #0.01 5.6 18.9 62,0 Sh, Bl, V/Fn Grn, W/Lmy Slt Strks, Frac
38 59.0-60.0 *0,01 5.9 19.L 57.8 Sh, Bl, V/Fn Grn, “/Lmy S1t Strks, Frac
39 65.0=66.0 #0.02 5.1 23.6 59.8 Sh, Bl, V/Fn Grn, W/Lmy S1t Strks, Frac
Lo 69.0-70.0 L L.l 13,0 52.8 sh, Bl, V/Fn Grn, W/Lmy Slt Strks, PFrac
L1 75.0-76.0 e 6.9 16.0 62.0 Sh, Bl, V/Fn Grn, Sltv, Frnc
L2 79.0-80.0 #<0,01 5.2 14.9 61.5 Sh, Bl, V/Fn Grr, Slty, Frac
L3 85.0-86.0 #<0,01 s.h 2.0 55.8 Sh, Bl, V/Fn Grn, %/Lmy S1lt Strks, Frac
nn §9.0-=90.0 #0,01 L.7 21,5 #1.5 Sk, Bl, V/Fn Grn, W/Lmy S1t Strks, Frac
LS 95.,0-96.0 #0.01 5.5 L.7 73.0 Sh, Bl, V/Fn Grn, Slty :
46  4299.0-00.0 *Q,01 L.7 1.5 &67.2 Su, Bl, V/Fn Grm, V/Slty
L7  kL305.0-06.0 *#< 0,01 5.8 1.2 77.7 Sh, Bl, V/Fn Gm, V/Slty
48 0%.0-10.0 #< 0,01 5.7 0.3 77.0 Sr, Bl, V/Fn Grn, V/Slty
LS 15.0=16.0 #0,01 7.2 1.3 72.5 Sh, Bl, V/Fn Grn, V/Slty
50 19.0-20.0 #<0.01 6.3 1.3 70.2 Sk, Bi, V/Fn Grn, V/31ty
51 25.0=26.0 #0.70 €.5 i.L 73.83 Sh, Bl, V/Fn Grn, V/Sity
52 29.0-30.0 #0.03 7.7 0.9 71.8 sh, Bl, V/Fn Grn, V/Slty

#Indicates Plug Permeability
#:Indi cates Sample Unsuitable for Permenbility Measurement
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LA PLATA MANCOS UNIT

I-6

CORE DESCRIPTION

recovered 60'.

CORE NO. 1 Cored 3995' to 4055'. Cored 60!,
Average penetration rate 10 minutes/foot.
Bedding plane pertings and hairline fractures
throughout entire core.
OBSERVED
INDICATED HAIRLINE
: * VERTICAL FRACTURE
DEPTH DESCRIPTION FRACTURES PATTERN
3995 - 4008! Black shale Fair
' Vertical
4oo8 - L4009 Black shale fracture Fair
4oog - 4012 Black shale Fair
4oir2 - 4028 Black shale with limey Fair .
silltstone laminations
4028 - 4031! Black shale with limey Vertical Fair
' ‘81ltstone laminations fracture
4031 - 4o43: Black shale with limey Poor
slltstone laminations
' Vertical
4o43 - Lok6: Black shale fracture Fair to good
4oue - L4os5! Black shale Fracture Good
vertical to
bedding
. planes
CORE NO. 2 Cored 4055 to 40R0'. Cored 25', recovered 25'.
- Average penetration rate 9.6 minutes/foot.
Bedding plane partings and hairline fractures
throughout entire core.
4055 - LOST! Black shale Fair
Lod7t - LoOTT! Black shale with limey No good
siltstone laminat;ons
4077 - 4080 Black shale Poor to fair



LA PLATA MANCOS UHIT T-v

CORE DESCRIPTION

CORE NO. 3: Cored 4150' to 4210'. Cored 60', recovered 60'.

= Average penetration rate 12.2 minutes/foot. -
Bedding plane partings and hairline fractures '
throughout entire core. Occaslionally throughout
core bedding planes are offset.

' OBSERVED
INDICATED HAIRLINE
o VERTICAL FRACTURE
DEPTH DESCRIPTION FRACTURES ' PATTERN
4150-4153" Black shale with limey ' . * Fair
slltstone laminations
Vertical
hish-4155! " " " fracture Fair
4155-4159' " " " ) Fair to poor
Fracture
not on :
4160-4179" " oo ' bedding Poor to &bsent
_ plane
4380-4185" " " " - Falr: to poor
Healed
' . . fractures
4185-4188" " " " at angles Absent
to bedding
planes
43189-4191" n " " Poor to absent
hi92-4197" " " " . Poor to fair
4197-4200" " " " Fair
' . Verticsal
4201-4203" " - " " fracture Fair
4204-4210" oon " " Large Good to fair
. healed
vertical
fracture
4005-056"

NOTE: General fracture pattern indicates larger fractures than 1in
La Plata Mancos Unit No. P-31 well for comparative depth
interval. '



LA PLATL BIANCOS UNTT I-5

CORE DESCRIPTION

CORE NO. 4: Cored 4210' to 4265'. Cored 55', recovered S5',
Average penetrztion rate 13.5 minutes/foot.
Bedding plane partings and hairline fractures
throughout entire core. Occasionally throughout
core bedding planes are offset.

OBSERVED
INDICATED HAIRLINE
: VERTICAL FRACTURE
DEPTH DESCRIPTION FRACTURES PATTERN
: - Black shale with limey
4210-4212 siltstone laminations : Fair
Black shale with limey Vertical Good
4212-4216" siltstone laminations fracture
4216-4220" Black shale | Fair to good
4220-4230" Black shale with limey Good to fair
81lbstone laminations
Black shale with limey All
4230-4238" siltstone laminations directions Fair
423842421 Black shale with limey Good
- siltstone laminations :
Joy2-4246! Black shale with limey Fair
siltstone laminations
L Black shale with limey Vertical
youb-4249! siltstone laminations fracture Fair
4o4g-4263" Black shale with limey ‘ Fair
: siltstone laminations
Black shale with limey Vertical
4263-4265" siltstone laminations fracture Fair
C

NOTt: Gereral fracture pattern indicates larger Crzctures than in
La Plata Mancos Unit No. P-31 well for comparative depth
interval.



LA PLATA MANCOS UNIT I-5

CORE DESCRIPTION

Cored 4265' to U4294'., Cored 29', recovered 29°'.

CORE NO. 5:
Average penetration rate 16 minutes/foot.
Bedding plane partings and hairline fractures
throughout entire core.
OBSERVED
INDICATED HAIRLINE
VERTICAL FRACTURE
DEPTH DESCRIPTION FRACTURES PATTERN
L4265-4269 Black shale with limey Fair to good
siltstone laminations
4269- Approximately 2" section
. of slickenside
Lo6g-4278 Black shale with limey Fair
siltstone laminations
" Black shale with limey Vertical
4o78-4281" siltstone laminations fracture Good
4281-4288" Black shale with limey
siltstone laminations Fair
- Black shale with limey Vertical Poor to fair
4288-4289: siltstone laminations fracture
4289-4292 Black shale with limey Poor
siltstone laminations
hoga-Loglht Black shale with limey Vertical | Poor
fracture

.

siltstone laminations

NOTE: General fracture pattern indicates larger fractures than in
La Plata Mancos Unit No. P-31 well for comparative depth
interval.



LA PLATA IMANCOS UNIT I-5

CORE DESCRIPTION

CORE NO. 6: Cored 4294' to U4334', Cored 40', recovered 37'.
" Occasional bedding plane partings and infreguent
hairline fractures in part of core as described
below. As compared to previous cores, the limey

siltstone lamlinations are more infrequent and

thinner.
OBSERVED
INDICATED HAIRLIN=
VERTICAL FRACTURE
DEPTH DESCRIPTION FRACTURES PATTERN
42gl-42961 Black shale with limey None . Fair
. siltstone laminations
4296-4303 " " " " Poor
4303-4305" " " " Fair
4305-4325" " "o " Poor to absent
4325-4331" " on " Poor to fair

NOTE: Compared to Cores 3, 4 and 5, this core contains less
frequent connections of bedding plane partings with
hairline fractures at an angle to the bedding planes.



La Plata Mancos Unit §2 ({I-6)

San Juan County,

9=-25-68
(cont'd)

9-26-68

1:18

1:19
1:20
1:22
1:24
1:26
1:29
1:30
1:33
1:45
2:00
2:15
2:30
2:45
3:00
3:15
3:30
3345
4:00
4:15
4:30
4:45
5:00
5:15
5:30
§:45
6:00
6:15
6:30
6:45
7:00
7:15
7:30
7:45
8:00
9:00
10:00
11:00

NM

PM

Midnight

9-27-68 1:00
2:00
3:00
4:00
5:00
-6:00
7:00
8:00
9:00

Page S

Pressured up on annulus between tubing on top of packer
with tubing open. Pressure held. Did not get any
returns through tubing. Swabbed back 12 barrels acid
displacement oil.

Fraced with 6 Dowell Allisons at 625 HHP (total 3750

"HHP), 3 Dowell Turbines at 825 HHP (total 2475 HHP)

and 1 Dowell Turbine Experimental at 1000 HHP. Total
HHP on location 7225. HHP delivered during frac job
6334. Treated with 200,000% 20/40 sand plus estimated
26,000¢ 10/20 sand, mixed with 3,400 barrels crude oil.
Total sand volume 226 barrels. Average overall
injection rate 86 BPM. No apparent breakdown pressure.
Minimum TP 2900#, maximum 4500#, average 3100¢%. Well
sanded off at 4800%.

Shut pumpers down at 4800%# pressure.

Dowell Gauge B-M~-G Gauge

30004

23004

1900#

15004

1300¢

12504 14404
1420¢
14104
13804
1260#
13404
13804
14504 .
1440%
1440#
14404#
14304
1420#
1415%
1410%
1405¢
14004
1400¢#
1385¢
13804
13754
1370#
13654
13658
13604
1350¢
1345¢
1340%
13404
13254
13204
1300%#
12904

-1280¢
1280¢#
1300%
1300%
1280¢
1260¢
1280¢
1240¢
1240%
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1
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ol “ ! TIME PERIOD 10
1
pd i 1 ASSUMED SATURATIONS:
o i . CONNATE WATER IO % OF PORE SPACE
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O 0. 1 I
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