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ABSTRACT 

An idealized model has been developed for the 
purpose of studying tbe characteristic behavior oj a 
permeable medium which contains regions which 
contribute significantly to the pore volume of tbe 
system but contribute negligibly to tbe flow capacity; 
e.g., a naturally fractured or vugular reservoir. Un-
steady-state flow in this model reservoir bos been 
investigated analytically. Tbe pressure build~up 
performance has been examined in some detail; and, 
a technique for analyzing tbe build-up data to evaluate " 
tbe desired parameters has been suggested. Tbe use 
of this approach in the interpretation of field data 
has been discussed. 

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

1. Two parameters are sufficient to characterize 
the deviation of the behavior of a medium with "double 
porosity'from that of a homogeneously parous medium. 

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

3. Since the buiid-up curve associated with this 
type of porous system is similar to tbat 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 co plan a sound exploitation program or a 
successful secondary-recovery project, sufficient 
reliable information concerning the nacure of che 
reservoir-fluid system "must be available. Since it 
is evident chat an adequate description of the reser
voir rock is necessary if this condition is co be ful
filled, che 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 that, for 
the purpose of making engineering studies, two param-

Original manuscript received IA Society of Petroleum EruginMra 
office Aug. 17, 1962. Revised menuacrlpt received March 21, 1963. 
Paper presented at the F a l l Meeting of the Society of Petroleum 
Engineer* in Los Angeles on Oct. 7-10, 1962. 

S E P T E M B E R , 1963 

eters were sufficient to describe che single-phase 
flow properties of a producing formation, i.e., the 
absolute permeability and the effective porosity. It 
later became evident chat the concept of directional 
permeability was of more than academic interest; 
consequently, the degree of permeability anisocropy 
and the orientation of the principal axes of permea
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 significantly to 
the pore volume but 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.7'8 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 geometry, 
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 precipitacion. It is not highly 
interconnected and usually cannot be correlated with 
permeability. Solution channels or vugular voids 
developed during weathering or burial in sedimentary 
basins are indigenous co carbonate rocks such as 
limestones or dolomites. Joints or fissures which 
occur in massive, extensive formations composed of 
shale, siltstone, schist, limestone or dolomite are 
generally vertical, and they are ascribed to tensions! 
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. 
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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 (qb) from the matrix into the fractures can be described by the 
equation: 

= - V b c b 

dpb 
Ai (pb - Pf) (4-1) 

where: rate of flow from matrix into fractures 
pore volume of the matrix 
compressibility /actor of fluids in the matrix 
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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 
pyritc. 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) fractures. 

Thin Section Description 

A thin section cut normal to bedding in a silty interval (7322.8 feet) 
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 generated 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/cc, which is very close to the assumed matrix 
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INTERPRETATION OF FLUID SATURATIONS 
ASSUMING 

10% FLUSH AMD 20% RECOVERY OF OIL-IN-PLACE 
AFTER FLUSH 

(FINAL PRESSURE ATMOSPHERIC) 

CALCULATED SATURATIONS FOR GIVEN CONDITIONS 
Less 20% 

LABORATORY I n i t i a l "Production" Stock Tank Column 8 
Sample Perm Saturations Reservoir Less 10% t o Atmospheric Volume Minus 
Number (md) Porosity O i l Water O i l - i n -P l ace Flush Pressure Remaining Column 3 

(1) (2) (3) (4) (5) (6) (7) (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 (3.5) 
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 . 0 1 0.6 49.8 16.6 83.4 75.1 60.0 43.5 (6.3) 
6 < 0 . 0 1 1.0 52.4 22.1 77.9 70.1 56.1 40.6 (11.8) 

7 < 0 . 0 1 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 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 31.9 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 43.3 31.7 12.1 

19 0.07 2.3 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 31.1 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 -iO.01 1.8 22.5 36.0 64.0 57.6 46.1 33.4 10.9 
33 < 0 . 0 1 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 21.3 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 •tfO.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 38.5 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 . 0 1 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 40.5 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 I n i t i a l "Production" Stock Tank Column 8 
Sample Perm Saturations Reservoir Less 10% t o Atmospheric Volume Minus 
Number ML Porosity O i l Water O i l - i n - P l a c e Flush Pressure Remaining Column 3 

(1) (2) (3) (4) (5) (6) (7) (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 61.6 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 . 0 1 1.0 10.6 42.4 57.6 51.8 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 66.3 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 . 0 1 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 21.6 78.4 70.6 56.4 40.9 8.5 

70 4.16 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 42.8 31.0 (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 31.3 (3.7) 
78 0.01 0.4 32.3 35.9 64.1 57.7 46.2 33.4 1.1 

79 1.21 1.2 46.6 39.3 60.7 54.6 43.7 31.7 (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 
Column 
Column 
Column 
Column 
Column 
Column 
Column 8 

Column 9: 

Permeability, mill idarcies. 
Percent of bulk volume. 
Percent of pore space. 
Percent of pore space. 
I n i t i a l oi l - in-place, percent of pore space at i n i t i a l reservoir pressure. 100 minus Column 4. 
Column 5 x .9 (reservoir volume after flushing, percent of pore space). 
Column 6 x .8 (reservoir volume after "production" of 20% of oil-in-place after flushing) . 
Stock tank volume remaining i n reservoir after "production" and expulsion of flushing water: Column 7 
divided by FVF of 1.38. 
Column 8 minus Column 3, theoretical saturation less laboratory saturation. (Negative f igure 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 I n i t i a l "Production" Stock Tank Column 8 
Sample Perm Saturations Reservoir Less 0% t o Atmospheric Volume Minus 
Number (md) Porosi ty O i l Water O i l - i n - P l a c e Flush Pressure Remaining Column 3 

(1) (2) (3) (4) (5) (6) (7) (8) (9) 

1 0.01 2.5 39.0 39.0 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 . 0 1 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 <:o.oi 0.9 41.2 34.3 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 . 0 1 0.5 42.3 35.2 64.8 64.8 51.8 37.6 (4.7) 

10 0.02 1.1 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 . 0 1 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 31.9 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 61.6 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 (1.3) 

22 0.06 1.6 21.1 61.0 39.0 39.0 31.2 22.6 1.5 
23 0.12 1.5 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 

31 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 . 0 1 2.5 34.7 30.8 69.2 69.2 55.4 40.1 5.4 

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 51.7 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 <Q. 01 2.6 43.6 31.1 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 . 0 1 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 <Q. 01 1.3 39.1 22.4 77.6 77.6 62.1 45.0 5.9 
44 <i0.01 1.0 42.8 28.6 71.4 71.4 57.1 41.4 (1.4) 
45 - L O . O I 1.3 50.6 25.3 74.7 74.7 59.8 43.3 (7.3) 



INTERPRETATION OF FLUID SATURATIONS 
ASSUMING 

0% FLUSH AND 20% RECOVERY OF OIL-IN-PLACE 
(FINAL PRESSURE ATMOSPHERIC) 

PAGE 2 

CALCULATED SATURATIONS FOR GIVEN CONDITIONS 
Less 20% 

LABORATORY I n i t i a l "Production" Stock Tank Column 8 
Sample Perm Saturat ions Reservoir Less 0% t o Atmospheric Volume Minus 
Number (md) Porosi ty O i l Water O i l - i n - P l a c e Flush Pressure Remaininq Column 3 

(1) (2) (3) (4) (5) (6) (7) (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 54.7 39.7 4.2 
50 0.01 1.5 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 <Q.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 t O . 0 1 1.1 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 11.9 

61 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 66.3 53.4 38.7 (1.1) 

64 0.01 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 1.0 42.3 30.2 69.8 69.8 55.8 40.5 (1.8) 

67 ^ 0 . 0 1 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 21.6 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 0.8 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 0.01 0.8 48.4 27.6 72.4 72.4 57.9 42.0 (6.4) 
77 0.01 1.1 35.0 40.0 60.0 60.0 48.0 34.8 (0.2) 
78 0.01 0.4 32.3 35.9 64.1 64.1 51.3 37.2 4.9 

79 1.21 1.2 46.6 39.3 60.7 60.7 48.6 35.2 (11.4) 
80 0.01 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 
Column 
Column 
Column 
Column 
Column 
Column 
Column 8 
Column 9 

Permeability, millidarcies. 
Percent of bulk volume. , 
Percent of pore space. 
Percent of pore space. 
I n i t i a l oi l - in-place, percent of pore space at i n i t i a l reservoir pressure. 100 Minus Column 4. 
Same as Column 5 (assumes 0% flush of core by circulating f l u i d ) . 
Column 6 x .8 (reservoir volume after "production" of 20% of o i l - in-place) . 
Stock tank volume remaining i n reservoir after "production": Column 7 divided by FVF of 1.38. 
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'1 REPRESENTED BY DIFFERENCE OF STOCK TANK VOLUMES 

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

LABORATORY I n i t i a l O i l --in-Place "Production" "Production" 
Sample Perm Saturations Reservoir Stock Tank Percent of Percent of 
Number (md) Porosi ty O i l Water Volume Volume Pore Space Oi l - i n -P l ace 

(1) (2) (3) (4) (5) (6) (7) (8) 

1 0.01 2.5 39.0 39.0 61.0 44.2 5.2 11.8 
2 0.02 2.0 34.6 40.3 59.7 43.3 8.7 20.0 
3 ^ 0 . 0 1 1.0 39.6 35.2 64.3 47.0 7.4 15.7 

4 0.42 0.9 49.5 22.0 78.0 56.5 7.0 12.4 
5 t O . 0 1 0.6 49.8 16.6 83.4 60.4 10.6 17.6 
6 t O . O l 1.0 52.4 22.1 77.9 56.4 4.0 7.2 

7 ^0.01 0.9 41.2 34.3 65.7 47.6 6.4 13.5 
3 0.02 0.7 45.6 32.9 67.1 48.6 3.0 6.2 
9 t O . 01 0.5 42.3 35.2 64.8 47.0 4.7 9.9 

10 0.02 1.1 38.6 33.1 66.9 48.5 9.9 20.4 
11 0.10 0.5 38.8 32.4 67.6 49.0 10.2 20.8 
12 -CO. 01 1.7 34.2 34.2 65.8 47.7 13.5 28.3 

13 0.02 2.7 24.9 33.1 66.9 48.5 23.6 48.6 
14 0.01 2.9 22.5 50.0 50.0 36.2 13.7 37.9 
15 0.01 3.5 31.9 31.9 68.1 49.3 17.4 35.4 

16 0.01 3.1 30.5 30.5 69.5 50.4 19.9 39.4 
17 0.03 2.3 28.8 38.4 61.6 44.6 15.8 35.5 
18 0.14 2.5 19.6 39.2 60.8 44.1 24.5 55.5 

19 0.07 2.8 32.0 42.7 57.3 41.5 9.5 22.9 
20 0.02 2.2 17.5 60.0 40.0 29.0 11.5 39.6 
21 0.16 2 .1 24.5 59.9 40.1 29.1 4.6 15.7 

22 0.06 1.6 21.1 61.0 39.0 28.3 7.2 25.3 
23 0.12 1.5 16.6 56.8 43.2 31.3 14.7 47.0 
24 2.35 2.0 22.3 50.9 49 .1 35.6 13.3 37.3 

25 11.00 2.2 0.0 56.4 43.6 31.6 31.6 100.0 
26 0.06 2.6 20.1 57.5 42.5 30.8 10.7 34.7 
27 0.01 1.8 18.6 47.9 52.1 37.8 19.2 50.7 

28 0.03 1.9 32.4 36.0 64.0 46.4 14.0 30.1 
29 0.03 2.4 18.3 52.4 47.6 34.5 16.2 46.9 
30 0.79 2.0 20.4 52.5 47.5 34.4 14.0 40.7 

31 0.02 1.5 23.9 47.9 52.1 37.8 13.9 36.7 
32 t o . 01 1.8 22.5 36.0 64.0 46.4 23.9 51.5 
33 < 0 . 0 1 2.5 34.7 30.3 69.2 50.1 15.4 30.8 

34 0.06 1.5 24.6 49 .1 50.9 36.9 12.3 33.3 
35 0.02 2.2 30.2 51.7 48.3 35.0 4.3 13.7 
36 0.36 2.6 21.3 48.5 51.5 37.3 15.5 41.6 

37 0.01 2.5 26.2 29.9 70.1 50.8 24.6 48.4 
38 ^0 .01 2.6 43.6 31.1 68.9 49.9 6.3 12.7 
39 0.01 2.8 39.3 32.8 67.2 48.7 9.4 19.3 

40 0.01 2.2 38.5 33.0 67.0 48.6 10.1 20.7 
41 ^O. 01 1.3 40.0 26.7 73.3 53.1 13.1 24.7 
42 t O . 01 2 .1 39.3 26.2 73.8 53.5 14.2 26.5 

43 <O.01 1.3 39.1 22.4 77.6 56.2 17.1 30.5 
44 t Q . 01 1.0 42.3 28.6 71.4 51.7 8.9 17.3 
45 t O . 01 1.3 50.6 25.3 74.7 54.1 3.5 6.5 



INTERPRETATION OF FLUID SATURATIONS 
ASSUMING 

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

PAGE 2 

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

_ LABORATORY I n i t i a l Oil-in-Place "Production" "Production" 
Sample Perm Saturations Reservoir Stock Tank Percent of Percent of 
Number (md) Porosity O i l Water Volume Volume Pore Space Oil-in-Place 

(1) (2) (3) (4) (5) (6) (7) (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 31.6 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 32.6 

52 <i0.01 1.0 10.6 42.4 57.6 41.7 31.1 74.6 
53 0.02 1.5 27.1 30.9 69.1 50.1 23.0 45.9 
54 «c0.01 1.1 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 31.1 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 64.3 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 43.4 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 <0.01 0.8 36.3 40.8 59.2 42.9 6.6 15.4 
68 0.01 1.0 43.3 37.9 62.1 45.0 1.7 3.8 
65 ' 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 44.3 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 1.21 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) 
31 0.01 1.0 41.7 37.1 62.9 45.6 3.9 8.5 

Column 1: Permeability, millidarcies. 
Column 2: Percent of bulk volume. 
Column 3: Percent of pore space. 
Column 4: Percent of pore space. 
Column 5: I n i t i a l oi l - in-place, percent of pore space at i n i t i a l reservoir pressure. 100 minus Column 4. 
Column 6: I n i t i a l 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 pore space (Column 6 minus 

Column 3) . 
Column 8: Stock tank volume "production" to 0# (gauge) reservoir pressure, percent of oil-in-place (Column 7 

divided by Column 6 x 100). Lew (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. 









CA-20 CORE LABORATORIES. INC. 
Petroleum Reservoir Engineering 

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

CORE ANALYSIS RESULTS 
Company BENSON-MONTIN-GREER Formation GALLUP 

XffM LA PLATA MANCOS UNIT N0.3(G-32) Core Type, 
Field LA PLATA (GALLUP) Drilling Fluid CRUDE OIL 

File. RP-3-2318 

.DIAMOND 3.5" 

County. SAN JUAN St, t e NSW HEX. F.W. $988 'GL Lotion l650'FN&EL SEC 32-T32N-R13V/ 

Lithological Abbreviations 

Date Report 9-30-68 
Analysts. GALLOP 

D O L O M I T E - O O L 
C H E R T . C H 
O Y F I U M - O V f 

A N N Y O R I T I • A N N V 
C O N G L O M E R A T E - C O N G 
F O S S I L 1 F E R O U S - r o s s 

S A N D Y . S O Y 
S H A L Y - S H Y 
L I M Y • L M Y 

F I N E • FN 
M E D I U M - M E D 
C O A R S E . C S C 

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

M O W N - I N N 
G R A Y • O Y 
V U Q 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 
S T Y L O L I T I C - S T Y 

S L I G H T L Y . S L / 
V E R Y - v / 
W I T M . w / 

S A M P L E 

N U M B E R 

D E P T H 

F t t T 

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

P O R O S I T Y 

P E R C E N T 

R E S I O U A L S A T U R A T I O N 
P E R C E N T P O R E 

T O T A L 
W A T E R 

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

A N D R E M A R K S 

(CONVENTIONAL ANALYSIS) ^ ' 

1 5075.0-76.0 0.03 5.8 12.1 75.8 Sh, B l , V/Fn Grn, W/Lmy S i t S t rks , Frac 
2 77.0-78.0 0.30 5-1* 13.0 61*. 9 Sh, B l , V/Fn Grn, W/Lmy S i t S t rks , 

W/Lmy S i t S t rks , 
Frac 

3 79.0-80.0 0.38 5.9 8.5 67.8 Sh, B l , V/Fn Grn, 
W/Lmy S i t S t rks , 
W/Lmy S i t S t rks , Frac 

1* 81.0-82.0 0.66 i i .5 11.1 75.5 Sh, B l , V/Fn Grn, S l t y , Frac 
5 83.0-81*.0 0.17 5.6 8.9 71.5 Sh, B l , V/Fn Grn, W/Lmy S i t S t rks , Frac 
6 85.0-86.0 0.01 5.3 3.8 75.5 Sh, B l , V/Fn Grn, W/Lmy S i t S t rks , Frac 
7 87.0-88.0 0.17 5.5 3.6 80.0 Sh, B l , V/Fn Grn, W/Lmy S i t St rks , Frac 
8 89.0-90.0 0.02 lw 8 1*.2 83. li Sh, B l , V/Fn Grn, S l t y , Frac 
9 91.0-92.0 0.01 5 .1 9.8 68.6 Sh, B l , V/Fn Grn, S l t y , Frac 

10 93.0-9U.O 0.01 5.3 13.2 71.7 Sh, B l , V/Fn Grn, S l t y , Frac 
11 95.0-96.0 0.0/4 5.7 8.8 70.7 Sh, B l , V/Fn Grn, S l t y , Frac 
12 97.0-98.0 0.02 7.2 29.8 59.7 Sh, B l , V/Fn Grn, W/Lmy S i t S t rks , Frac 
13 5099.O-OO.O 1.12 6.6 39.1* 1*6.9 Sh, B l , V/Fn Grn, W/Lmy S i t St rks , Frac 
U* 5101.0-02.0 0.09 6.2 1*6.7 1*3.5 Sh, B l , V/Fn Grn, W/Lmy S i t Strks , Frac 
15 03.0-Oli.O 0.02 6.9 1*3.5 37.7 Sh, B l , V/Fn Grn, W/Lmy S i t St rks , Frac 
16 05.0-06.0 0.01 7.3 1*6.5 1*1.0 Sh, B l , V/Fn Grn, W/Lmy S i t St rks , Frac 
17 07.0-08,0 0.03 6.7 1*1.8 1*1*.7 Sh, B l , V/Fn Gm, S l t y , Frac 
18 09.0-10.0 0.03 7.8 51.2 35.9 Sh, B l , V/Fn Grn, S l t y , Frac 
19 11.0-12.0 0.17 6.7 1*9.2 1*0.3 Sh, B l , V/Fn Grn, S l t y , Frac 
20 13.0-Uj.O 0.01 7.5 l j l . 3 1*1*. 0 Sh, B l , V/Fn Grn, W/Lmy S i t St rks , Frac 
21 . 15.0-16.0 0.03 6.6 53.0 30.3 Sh, B l , V/Fn Gm, S l t y , Frac 
22 17.0-18.0 0.03 6.6 1*8.5 36.1* Sh, B l , V/Fn Grn, S l t y , Frac 
23 19.0-20.0 0.2i» 6.7 1*9.2 37.3 Sh, B l , V/Fn Grn, S l t y , Frac 
2h 21.0-22.0 0.22 5.2 1*0.3 1*6.2 Sh, B l , V/Fn Grn, S l t y , Frac 
25 23.0-21*.0 0.27 5.9 28.8 55.9 Sh, B l , V/Fn Grn, S l t y , Frac 
26 25.0-26.0 0.50 U.5 20.0 59.9 Sh, B l , V/Fn Grn, S l t y , Frac 
27 27.0-28.0 0.03 6 .1 27.8 57.3 Sh, B l , V/Fn Grn, S l t y , Frac 
28 29.0-30.0 0.66 6.7 32.8 1*9.2 Sh, B l , V/Fn Grn, S l t y , Frac 
29 31.0-32.0 0.03 6.8 27.9 57.3 Sh, B l , V/Fn Grn, W/Lmy S i t S t rks , Frac 
30 33.0-3li.O o.ok 6.2 27.1* 56.5 Sh, B l , V/Fn Grn, W/Lmy S i t S t rks , Frac 
31 35.0-36.0 0.17 5.2 32.7 1*1*. 2 Sh, B l , V/Fn Grn, W/Lmy S i t St rks , Frac 
32 37.0-38.0 0.17 5.5 25.5 56.3 Sh, B l , V/Fn Grn, S l t y , Frac 
33 39.0-1*0.0 0.17 5.9 27.1 61*.3 Sh, B l , V/Fn Grn, S l t y , Frac 
3li Ul.0~ti2.0 0.13 5.1* 38.9 1*8.1 Sh, B l , V/Fn Grn, W/Lmy S i t St rks , Frac 
3? 1*3.O-)JI*.O 0.09 5.6 35-. 7 1*1*.6 Sh, B l , V/Fn Grn, S l t y , Frac 
36 l45.o-iU6.o 0.02 5.3 39.6 51.0 Sh, B l , V/Fn Grn, S l t y , Frac 

(Service #1-A) 
These analyses, opinons or ititerprrtations aiF hixed on observations and materials supplied by the client to whom, and for whose exclusive and confidential use. 
t"S T •«. r epo r t i«. ma.I i - . T h e tn t e i p r e l i H ' > n < 01 r . p . t n m n f X | ' r r « ' ' l r r p r r ^ c i - r r!\*> N - . t m-r^nn-nt nt O i f l..lh-»r at " i i r * , I n r . ( n i l e r m r - . - i t r l * - " v ; . - . c t « * \ - . - ; . * ; h u t 
<.' r T - r v,*i " i f i f j i c r x and rrnp'^vF*, atcum? n>» ropou-dnl i l v r*#•«i JII.IKP m> warranty or rept escntntmn*, A*- tn the pi > A \ i r : , ; •-. • -. * • K - M • 

. . : ; - * i vy • >! '-X^ti ivmrr . i l well nr sand in connection wuli which such icpurt is used or relied upon. 



CA-JO CORE LABORATORIES. INC. 
Petroleum Reservoir Eng,inching 

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

Page No 2 

CORE ANALYSIS RESULTS 

Company B5N5ON-?.!0NTIN-OR35R Formation GALLUP File RP-3-2318 

Well LA PLATA MANCOS UNIT N0.3(G-32) Core Type DTAKOND 3.5" Date Report 9-30-68 
Field LA PLATA (GALLUP) Drilling Fluid CRITTK OTL Analyst GALLOP 
Ovmry SAN JUAN State NEW MEX. Elev. 5988'GL Location l650'FN&EL SEC 32-T32N-R13W 

Lithological Abbreviations 
S A N O . S D » O L O M l T I . D O L A N H Y D R I T E . A N MY S A N D Y . S O Y F I N E - F N C f l Y B T A L L I N C - A L N B J l O W N - B l t N F R A C T U R E D - F R A C S L I G H T L Y . S L / 

S H A L E . 9 H C H E R T . CM C O H O L O M EFIAT E . C O N O B H A L V ' S H Y M E O I U M - M E D G R A I N . O R N O R A Y < Q Y L A M I N A T I O N • L A M V E R Y - v / 

L I M E • LM G Y F S U M . O Y F FOSSI L I F C R O U S • FOSS L I M Y • L M Y C O A R 5 E - C S E G R A N U L A R - Q R N L V U O O Y . V O Y S T Y L O L I T I C • S T Y W I T H . w / 

SAMPLE D E P T H P E R M E A B I L I T Y POROSITY 
RESIDUAL SATURATION 

PER CENT PORE ' SAMPLE DESCRIPTION 

NUMBER P E E T 
- M I L \gJO A R C Y S 

PER CENT OIL 1 T°TA«-
t WATER 

ANO REMARKS 

(CONVENTIONAL ANALYSIS) 

37 5lii7.0-I|8.0 2.80 6.3 33.3 50.7 Sh, B l , V/Fn Grn, W/Lmy Si t Strks, Frac 
38 1(9.0-50.0 O.Oh 6.2 b5.1 35.5 Sh, B l , V/Fn Grn, W/Lmy Si t Strks, Frac 
39 51.0-52.0 0.02 6.3 1*6.0 3U.9 Sh, B l , V/Fn Grn, S l ty , . Frac 
h0 53.0-5U.O 0.10 5.6 33.9 1.8.2 Sh, B l , V/Fn Grn, W/Lmy Sit Strks, Frac 
h i 55.0-56.0 0.30 6.9 50.7 39.1 Sh, B l , V/Fn Grn, W/Lmy Si t Strks, Frac 
1(2 57.0-58.0 1.30 5.9 ll2.lt 10.7 Sh, B l , V/Fn Grn, Sl ty , Frac 
h3 59.0-60.0 0.33 6.3 39.7 1(2.8 Sh, B l , V/Fn Grn, Slty, Frac 
kh 61,0-62.0 2.60 6.6 1(3.9 1*0.8 Sh, B l , V/Fn Grn, S l ty , Frac 
Ii5 63.0-6h.0 0.09 5.6 h6.1 37.5 Sh, B l , V/Fn Grn, Slty, Frac 
1(6 65.0-66.0 1.30 6.2 50.0 1(0.3 Sh, B l , V/Fn Grn, Sl ty , Frac 
It? 67.0-68.0 0.33 6.3 1(6.0 . 39.7 Sh, B l , V/Fh Grn, Sl ty , F r a c 

1(8 69.0-70.0 0.50 i(.7 3U.0 38.3 ' Sh, B l , V/Fn Grn, Sl ty , Frac 
1(9 71.0-72.0 O.Oli 6.0 1(6.7 1(0.0 Sh, B l , V/Fn Gm, Sl ty , Frac 
50 73.0-7U.O 0.17 7.6 1(0.8 1(0.8 Sh, B l , V/Fn Grn, "/Lmy Si t Strks, F rac 
51 75.0-76.0 0.19 5.3 13.2 71.7 Sh, B l , V/Fn Grn, W/Lmy Si t Strks, Frac 
52 77.0-78.0 0.31 5.7 15.8 73.6 Sh, B l , V/Fn Grn, W/Lmy Sit Strks, Frac 

53 5180.0-81.0 0.21 5.9 15.2 67.8 Sh, B l , V/Fn Grn, W/Lmy S i t Strks, Frac 
5h 85.0-86.0 0.02 6.U l l i . l 71.9 Sh, B l , V /F n Grn, S l ty , Frac 
55 90.0-91.0 0.01 6.2 l l [ .5 7h.2 Sh, B l , Fn Grn, Slty, F r a c 
56 95.0-96.0 0.01 5.2 3.8 80.8 Sh, B l , Fn Grn, Sl ty, Frac 
57 5200.0-01.0 0.01 U.7 li.3 7li.li Sh, B l , V/Fn Grn, Sl ty , Frac 
58 05.0-06.0 0.02 5.2 3.8 77.0 Sh, B l , V/Fn Grn, Slty, F r a c 

59 10.0-11.0 0.01 lj .0 5.0 75.0 Sh, B l , V/Fn Grn, Sl ty , Frac 
60 15.0-16.0 0.0h 1(.8 10.h 68.8 Sh, B l , V/Fn Grn, Sl ty, Frac 
61 20.0-21.0 0.32 li .8 10.Ij 73.0 Sh, B l , V/Fn Grn, Slty, Frac 
62 25.0-26.0 0.09 h.h 11.1. 77.2 Sh, B l , V/Fn Grn, Sl ty , Frac 
63 30.0-31.0 0.01 h.2 11.9 76.2 Sh, B l , V/F n Grn, Slty, Frac 
6i( 35.0-36.0 0.01 5.7 3.5 87.8 Sh, B l , V/Fn Grn, Sl ty , Frac 

These analyse?, opinons or interpretations are based on observations and materials supplied by the client to whom, and for whose exclusive and confidential use, 
thi* rrport i i made. The interpretation", or opinion* e\pre d rr;ir.".-T. t 'hr- h'- *? 1 .-r.t <-<( C'»rr Lah'-i aim ir*, lur , ( i l l f i n» r ; aiwi nmi \ s c \ (*<*;? ted) . hut 

-r •• -tr*., f i i r . j r . , it-. #.f;tf<*i . .ijni *i\u-U-yt?.*, as.nun- nn 1 r*.j »>n .tlx i,( i.- .<i.>i ma k ii>i w.iif«itty <•« rf pr f^cfitat"-!, s A<- t " the j imduc t iv i i ) , \>\ r; f.> *•.:•:»* -
v. • . .- c* • ; ;.nv CM. cas i ' i «ther mineral well or sand in connection witl i which such report is used or relied up«m. 



CA-20 CORE LABORATORIES. INC. 
Petroleum Reservoir Engineering 

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

CORE ANALYSIS RESULTS 

Company BSNSON-^ONTIN-QRBSR • Fnrmirion GALLUP 

Well LA PL1TA HANCOS UNIT NO. ii( N-3lY-nr- Type DIAMOND 3.5" 
Field LA PLATA (GALLUP) Drilling Fh.M CRUS3 OIL 
Cnunry SAN JUAN 

File, RP-3-2326 
Date Report 10-25-68 
Analysts. GALLO? 

State NEW MEX. F.w. 6113'GL Lotion 756' FSL 12081 FWL SSC 31-T32N-R13W 

Lithological Abbreviations 
• A M D ' * 
• H A L E • 
I I M E - L j 

O O L O M I T C . D O L 
C H E R T - C M 
G Y P S U M - G Y P 

A N H Y O K t T C - A H N V 
C O M a L O M S H A T C • C O N O 

FOSSI Ltrcnous . FOSS 

• A H O Y • B D T 
S H A L T . S H Y 
L I M Y . L M Y 

P I N E - F N 
M E D I U M . M E D 
C O A R S C - C S E 

C R Y S T A L L I N E ' X L H 
O R A I N > « R N 
G R A N U L A R . O H N L 

I R O W N - B R N 

ORAY-av 
vuaav•VOY 

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 - S T Y 

S L I G H T L Y . S L / 
V E R Y . V / 
W I T H - w / 

SAMPLE D E P T H P E R M E A B I L I T Y POROSITY 
RESIDUAL SATURATION 

PER CENT PORE SAMPLE DESCRIPTION 

NUMBER r E c r M l L j L I D A R C Y S 
PCRCEKT 1 T O T A L 

1 WATER 
ANO REMARKS 

1 
2 
3 
Ii 
5 
6 
7 
8 
9 
10 
11 
12 
13 
lb 
15 
16 
17 
18 
19 
20 
21 
22 
23 
2k 
25 
26 
27 
28 
29 
30 

( CONVENTIONAL ANALYSIS) / V ^ 7 " V ? 
2220.0-21.0 

22.0-23.0 
21*. 0-25.0 
26.0-27.0 
28.0-29.0 
30.0-31.0 
32.0-33.0 
31..0-35.0 
36.0-37.0 
38.0-39.0 
1*0.0-1*1.0 
1*2.0-1*3.0 
1*1*. 0-1*5.0 
1*6.0-1*7.0 

' 1*8.0-1*9.0 
50.0-51.0 
52.0-53.0 
51*. o-55.o 
56.0-57.0 
58.0-59.0 
60.0-61.0 
62.0-63.0 
61*. 0-65.0 
66.0-67.0 
67.0-68.0 
68.0-69.0 
69.0-70.0 
70.0-71.0 

2272.0-73.0 
7l*.0-75.0 

0.20 

o.la 
0.20 
0.20 
0.31 
0.08 
0.20 
0.10 
0.01 
0.02 
0.05 
0.01 
0.01 
0.02 
0.01 
0.20 
0.01 
0.01 
O.Oij 
0.01 
0.62 
1.20 
O.Oli 
0.08 
2.10 
0.03 
0.36 
1.60 
0.17 
0.08 

6.5 
8.3 
7.8 
8.1, 
8.8 
9.6 
6.8 
8.6 
8.3 
8.3 
7.0 
8.1 
8.9 
8.1* 
8.3 

' 8.9 
8.1 
7.8 
7.7 
8.2 
9.6 
9.6 
7.8 
7.8 
8.8 
1*.8 
7.7 
9.6 
9.2 

10.3 

1*1*.6 
39.7 
1*1.1 
1*8.8 
1*9.8 
1*5.8 
51.1* 
1*7.7 
51*. 2 
1*9.1* 
1*7.1 
50.7 
1*3.9 
31*. 5 
i*5.7 
50.6-
5it.3 
1*2.3 
1*5.3 
1*2.7 
1*0.5 
1*1.7 
37.2 
37.2 
29.8 
a. 6 
29.0 
1*1*. 8 
1*8.8 
63.1 

50.8 
56.6 
53.8 
1*6.1* 
1,5.5 
5o.o 
1*2.7 

5o.o 
1*2.2 
1*7.0 
1*7.1 
1*3.1 
50.5 
58.5 
1*5.7 
1*1.6 
35.8 
1,7.5 
1*8.0 
1*7.6 
51.0 
5o.o 
56.1* 
53.8 
1*7.7 
1*8.0 
1*1.6 
1*2.8 
1*0.2 
32.0 

Sh, B l , 
Sh, B l , 
Sh, B l , 
Sh, B l , 
Sh, B l , 
Sh, B l , 
Sh, B l , 
Sh, B l , 
Sh, B l , 
Sh, B l , 
Sh, B l , 
Sh, B l , 
Sh, B l , 
Sh, B l , 
Sh, B l , 
Sh, B l , 
Sh, B l , 
Sh, B l , 
Sh, B l , 
Sh, B l , 
Sh, B l , 
Sh, B l , 
Sh, B l , 
Sh, B l , 
Sd, Gy, 
Sd, Gy, 
Sd, Gy, 
Sh, B l , 
Sh, B l , 
Sh, B l , 

V/Fn Grn, W/Lmy Sit Strks, Frac 
V/Fn Gm, W/Lmy Sit Strks, Frac 
V/Fn Gm, Slty, Frac 
V/Fn Grn, 7//Lmy Sit Strks, Frac 
V/Fn Gm, W/Lmy Sit Strks, Frac 
V/Fn Grn, */Lmy Sit ^trks, Frac 
V/Fn Gm, W/Xmy Sit Strks, Frac 
V/Fn Gm, »VLmy s l t Strks, Frac 

Slty, Frac V/Fn Gm, 
V/Fn Grn, 
V/Fn Grn, 
V/Fn Grn, 
V/Fn Grn, 
V/Fn Gm, 

Slty, 
Slty, 
Slty, 
Slty, 
s l t y , 

Frac 
Frac 
Frac 
Frac 
Frac 

V/Fn Grn, W/Lmy Sit Strks, Frac 
V/Fn Grn, Slty, Frac 
V/Fn Gm, W/Lmy Sit Strks, Frac 
V/Fn Gm, W/Lmy Sit Strks, Frac 
V/Fn Grn, W/Lmy s l t Strks, ?rac 
V/Fn Gm, W/Lmy Sit Strks, Frac 
V/Fn Gm, Slty, Frac 
V/Fn Gm, Slty, Frac 
V/Fn Gm, Slty, Frac 
V/Fn Grn, Slty, Frac 
V/Fn Grn, lmy, W/Shale Strks, Frac 
V/Fn Grn, Lmy, W/Sh Strks, Frac 
V/Fh Grn, Lmy, W/Sh Strks, Frac 
V/Fn Gm, W/Lmy Sit. Strks, Frac 
V/Fn Gm, W/Lmy Sit Strks, Frac 
V/Fn Gm, Slty, Frac 

Service #1-A 



CA-20 CORE LABORATORIES. INC. 
Petroleum Reservoir Engineering Page No 2 

D A L L A S . TEXAS 

CORE ANALYSIS RESULTS 

fnmpny BENS0N-L10NTIN-GRBER Formation GALLUP FilP RP-3-2326 
Wril IA PLATA MANCOS UNIT NO. It Core Type DIAMOND 3.5" Date Rppnrt 10-25-68 
FiplH IA PLATA (GALLUP) (H-31) D r i U i n g F l l l M CRUDE OIL GALLOP 
r»»„ty SAN JUAN ^ g NE?/ MEX. F 1 C T 6113'GL Lotion 756'FSL 1208'FWL SEC 31-T32N-R13W 

Lithological Abbi-eviations 
I A M D - S O O O L O M I T E - O O L A M M Y O R I Y C . A N H Y S A N O Y . S O Y P I N C - F N C R V S T A L L I N « - X L N S R O W N - B R N F R A C T U R E D - F R A C S L I G H T L Y . R l / 
S H A L E • EH C H E R T . C M C O N O L O * * C R A T E - C O N a S H A L Y - S H Y M E D I U M - M E D G R A I N • O R N C R A Y »OY L A M I N A T I O H • L A M V E R Y - v / 
L I M E • L M G Y P S U M - G Y P P O S S I L I F CROUS • F O S S ' L I M Y - L M Y C O A R S E . C S C G R A N U L A R . O R N L V U O O V . V G Y S T Y L O L 1 T IC • S T Y W I T H - w / 

SAMPLE D E P T H P E R M E A B I L I T Y POROSITY 
• RESIDUAL SATURATION 

PER CENT PORE SAMPLE DESCRIPTION 

NUMBER F E E T 
' M I L ^ O A R C Y S 

PER CENT O I L 
TOTAL 
WATER 

ANO REMARKS 

31 2276.0-77.0 0.60 8.9 5o.5 
32 78.0-79.0 0.07 9.2 56.5 
33 8Q.0-81.0 0.02 8.5 52.8 
32* 82.0-83.0 0.03 8.1* 1*1*.1 
35 81*. 0-85.0 0.57 7.2 18.1 
36 86.0-87.0 O.lli 7.3 9.6 
37 88.0-89.0 0.01 5.8 08; 6 
38 90.0-91.0 0.02 7.1* 6.7 
39 92.0-93.0 0.03 6.8 3.0 
ho 91*. 0-95.0 0.11 6.1 3.3 
1*1 96.0-97.0 0.08 5.7 3.5 

37.1 Sh, B l , V/Fn Grn,. Slty, Frac 
36.9 Sh, B l , V/Fn Grn, Sl ty, Frac 
1*1.1 Sh, B l , V/Fn Grn, Sl ty, *'rac 
1*6.1* Sh, B l , V/Fn G r n ,

 s l t y , Frac 
69.5 Sh, B l , V/Fn u m , Slty, Frac 
75.3 Sh, B l , V/Fn Grn, W/Lmy S i t Strks 
7U.1 Sh, B l , V/Fn Grn, W/Lmy Si t Strks 
81.0 Sh, B l , V/Fn Grn, W/Lmy S i t Strks 
77.8 Sh, B l , V/Fn Grn, W/Lay ° l t Strks 
78.7 Sh, B l , V/Fn a r n , S l ty 
82.1* Sh, B l , V/Fn G m , S l ty 

Note: To correspond with Schlurcberser log depths: 
Add 9' to ' in te rva l 2220 to 221*5 feet 
Add 8« to in te rva l 221*5 to 2270 feet 
Add 7' to in terva l 2270 to 2297 feet 

These analyses, opinons or interpretations are based on observations and materials supplied by the client tn whom, and for whose exclusive and confidential u«e. 
t*ii*t r*p"ft matte. The interpretation* or opinion* w p f f i v d rr;irc$mi *h«- t.r:t iu.'^m.-rt <-i ( " ' i f I *h<ratfttir*. l w (nU r i f . r* .THM onii* i : 
<' \ - . i * " • • - , 1 , T -! t = • ' " H ' r i * j<Til r i n jd ' iYF . r ", » - - ' i t u r i •• : i - • * •••> U M . . . t i i . . i i t y ur <r\ > • " . p - t i i n l A - ! • • ( i n / ; • -.u- V. • r .^ . • i • ; • • 

M :». * • • try •<•.'.. >ra* .>r other mineral well or sand in connection with which such report is used oi relied upon. 



CA-'O C O R E L A B O R A T O R I E S . INC. 

Petroleum Reservoir Engineering Page No 1 
D A L L A S . TEXAS 

CORE ANALYSIS RESULTS 

Company_mS^l=M(ILiniI=GjffiEE Fonmrinn GALLUP Flip R?-3-2312 
Vtvll TA PT-tTft MA wops mm* UT" NO. 6 Core Type DTArfflWD 3.5" Date Report 8-2)i-68 
Field U PLATA ( GALLUP) Drilling Fluid CRUDE OIL Analyst GATJ.OP 
rhn.iry SAM .THAW State NEW MEX. Elev. 60l5'K3 T.oration SSC 6-T32N-R13W 

Lithological Abbreviations 
I A N D - S O O O L O M I T E . O O L A N H Y D R I T E • A N H Y I A N O Y • S D Y F I N E - F N C R Y S T A L L I N E - X L N B R O W N * . R N F R A C T U R E D - F R A C S L I O H T L Y . S L / 

I K A L E . I H C H E R T - C H C O N . L O M E R A T C - C O N . S H A L Y • S H Y M E D I U M . M E D O R A I N . O A N O R A Y • OY L A M IN A T ION - L A M V E R Y - v / 

L I M C . L M G V P 1 U M . G Y P F O S S I L I F E R O U S • F Q H L I M Y • L M Y C O A R S E . C S C O R A N U L A R . O R N L V U O O Y - V O Y S T Y L O L I T I C • S T Y W l T M - w / 

SAMPLE O I I » T H 1 P E R M E A B I L I T Y P O R O S I T Y 
R E S I D U A L SATURATION 

PER CENT PORE SAMPLE DESCRIPT ION 

NUMBER F E E T 
| M I L L | O A N C Y I FE* CENT | T O T A L 

O I L 1 WATER 
AND REMARKS 

(Note; Add 9' to below l i s t ed core depths 
to correspond to depths on Schlum-

(CONVENTIONAL ANALYSIS) berger log run 8-29-68.) 
1 3995.0-96.0 O.29 8.3 1(2.2 1*6.9 Sh, B l , V/Fn Grn, W/Lmy S i t S t rks , 

S l t y , V/Fn Grn, Frac 
Frac 

2 97.0-98.0 0 .11 9.0 1(1.1 U2.2 Sh, B l , 
V/Fn Grn, W/Lmy S i t S t rks , 
S l t y , V/Fn Grn, Frac 

3 99.O-CO.O 0.10 9.6 38.5 1(8.9 Sh, B l , V/Fn Grn, W/Lmy S i t S t rks , Frac 
It 1*001.0-02.0 0.32 8.7 1(1.3 1(3.7 Sh, B l , V/Fn Gm, W/Lmy S i t S t rks , Frac 
5 03.0-0l*.0 0.22 9.2 38.0 1(6.7 Sh, B l , V/Fn Grn, S l t y , Frac 
6 05.0-06.0 0.07 8.6 39.5 51.2 Sh, B l , V/Fn Grn, S l t y , Frac 
7 07.0-08.0 0.16 9 . 1 37.l i 50.6 Sh, B l , V/Fn Grn, S l t y , Frac 
8 09.0-10.0 0.06 9 . 1 39.5 52.7 Sh, B l , V/Fn Grn, S l t y , Frac 
9 11.0-12.0 0.32 9.1* 1(2.6 lt8.9 Sh, B l , V/Fn Grn, 

V/Fn Grn, 
S l t y , Frac 

10 13.0-Hj.O 0.99 8.5 37.7 51i . l Sh, B l , 
V/Fn Grn, 
V/Fn Grn, S l t y , Frac 

W/Lmy S i t S t rks , 
W/Lmy S i t Strks , 

11 15.0-16.0 0.02 8.0 1(8.7 i a . 2 Sh, B l , V/Fn Grn, 
S l t y , Frac 
W/Lmy S i t S t rks , 
W/Lmy S i t Strks , 

Frac 
12 17.0-18.0 0.02 7.5 52.0 36.0 Sh, B l , V/Fn Grn, 

S l t y , Frac 
W/Lmy S i t S t rks , 
W/Lmy S i t Strks , Frac 

13 19.0-20.0 0.06 7.5 1(1.3 U9.3 Sh, B l , V/Fn Grn, W/Lmy S i t S t rks , Frac 
111 21.0-22.0 0.19 7.7 1(8.2 i a . 2 Sh, B l , V/Fn Grn, W/Lmy S i t S t rks , Frac 
15 23.0-21-.0 0 .11 7.9 ldi.2 l i l i .2 Sh, B l , V/Fn Grn, "/Lmy S i t S t rks , Frac 
16 25.0-26.0 0.08 7.5 38.6 1(9.3 Sh, B l , V/Fn Grn, W/Lmy S i t S t rks , 

V.r/Lmy S i t S t rks , 
Frac 

17 27.0-28.0 0.02 7.9 37.9 50.6 Sh, B l , V/Fn Grn, 
W/Lmy S i t S t rks , 
V.r/Lmy S i t S t rks , Frac 

18 29.0-30.0 0 .11 8.6 33.7 51i.6 Sh, B l , V/Fn Gm, W/Lmy S i t S t rks , Frac 
19 31.0-32.0 1.70 8.9 • 39.3 52.7 Sh, B l , V/Fn Gm, S l t y , Frac 
20 33.0-3h.O 0.07 7.9 36.7 57.0 Sh, B l , V/Fn Grn, S l t y , Frac 

W/Lmy S i t S t rks , 21 35.0-36.0 0.12* 6.6 2*9.3 37.7 Sh, B l , V/Fn Grn, 
S l t y , Frac 
W/Lmy S i t S t rks , Frac 

22 37.0-38.0 0.10 7.9 51.8 39.2 Sh, B l , V/Fn Grn, S l t y , Frac 
23 39.0-1*0.0 0.07 7.0 1*1*. 3 hi.2 Sh, B l , V/Fn Gm, S l t y , Frac 
2h 111. 0-1.2.0 0.06 7.1* ia. 8 52.7 Sh, B l , V/Fn Grn, W/Lmy S i t S t rks , Frac 
25 1*3.0-1*1*.0 0.01 7.3 39.7 50.7 Sh, B l , V/Fn Grn, W/Lmy S i t S t rks , Frac 
26 IJ5. 0-I16.0 0.13> 7.0 lt l i .2 1(7.2 Sh, B l , V/Fn Gm, S l t y , Frac 
27 2(7.0-1(6.0 0.02 7.0 1(0.0 2(5.7 Sh, B l , V/Fn Grn, S l t y , Frac 

W/Lmy S i t S t rks , 28 1(9.0-50.0 0.03 7.0 l l l . l l 1*7.1 Sh, B l , V/Fn Grn, 
S l t y , Frac 
W/Lmy S i t S t rks , Frac 

29 51.0-52.0 0 .01 7.1* 1(0.6 51.3 Sh, B l , V/Fn Gm, S l t y , Frac 
30 53.0-51..0 0.03 8 .1 38.3 35.8 Sh, B l , V/Fn Grn, W/Lmy S i t S t rks , Frac 
31 55.0-56.0 0.06 6.8 30.9 61.7 Sh, B l , V/Fn Gm, W/Lmy S i t S t rks , Frac 
32 57.0-53.0 0.09 6.3 31.8 55.6 Sh, B l , V/Fn Grn, S l t y , Frac 
33 59.0-60.0 0.01 6.5 27.2 61.5 Sh, B l , V/Fn Grn, S l t y , Frac 
3U 61.0-62.0 2.0 7.2 1(0.2 l i8.5 Sh, B l , V/Fn Grn, S l t y , Frac 
35 63.0-6luO 1(.8 6.7 31.3 161.2 

163.8 
Sh, B l , V/Fn Gm, W/Lmy S i t S t rks , Frac 

36 65.0-66.0 0.83 7.2 27.7 
161.2 
163.8 Sh, B l , V/Fn Grn, S l t y , Frac 

Service vl-A 
T!.e-=rt .ir:.,.;.--c*. ••; tn.-::s or interpretations are baser, on observations and materials supplied by the client to whom, and for whose exclusive and confidential use, 
1 ;:«• r f j . c r t ' i * n ' . . i-> T '** ' 111 -1 ;n r t .th'<*t« « r o j i tM'-* .* . **itj»rr>'-r<l re;-.'»•"••*;, t jhr- - v. 11 f C r r I . , . . i < M ; . t r ' r i ' , s J i v f . i l ! rrr»»r* aiwl • ' ; : -•( .* r x . - f j ' t r - , , ; b u t 

• - • .1 . '• > < .(i •Mil' *'' • -I" f • --'ii'it' >•*> * c ;• >< ' ' :«•• . •.«> wui r.iu'v f rpi »**«'iil;ttt"i> t" tin* pi o.luctiva;.. ; i < '.:•:• -<.'.. 
'• • • 1 .uiy oil , >fas -it "(.he. in tut tai well ur sand in connection *. i;u wimh Mich report is u»cd or iclied upon. 
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DALLAS.TEXAS 
Page No._ 

COKE ANALYSIS KSSULTS 

Formation. Company RF.TJ.̂ nM-MONTIN-GRSER 

Wril IA PLATA HANCOS UNIT " I " NO. 6 Core Type. 

Firirl IA PLATA (GALLUP) Drilling Fluid_£2HTi 

File. RQ-3-2312 

S A N D - S O 
S H A L I ' S H 
L l M f . L M 

DIAMOND 3.5" 
OIL 

r m m r y SAM .TUA N State NEW M B X . Flev Tnrarinn SEC 6 - T 3 2 N - R 1 3 W 

Date Report 8-2i i-68 

Analyst* GALLOP 

Litholog-ical Abbreviations 
O O L O M I T C - D O L 
C H C K T - C H 
C V f S U M • O V f 

A N H V O R I Y C A N M V 
C O N t t L O M S R A T K . C O N D 

raiiuir'novi - ro*a 

S A N O V ' S O Y 
S H A L Y * C M Y 
L I M Y - L M Y 

MEDIUM • MCO 
COARSE.CSC 

C R Y S T A L L I N E . X L N 
G R A I N . O R H 
tS f tAN V L A f f - fiftNL 

S H O W N • B R N 
O R A V - O Y 
V U O O Y . V « Y 

F N A C T U R C D • r H A C 
L A M I N A T I O N . L A M 
« T Y L O L I T i e . « T Y 

ILIOHTLV.SL/ 
VCRY-v/ 
WITH. Vf/ 

SAMPLE D E P T H P E R M E A B I L I T Y POROSITY 
RESIDUAL SATURATION 

PER CENT PORE SAMPLE DESCRIPTION 

NUMBER F E E T 
M l \ L I O A R C Y S 

PER CENT OIL 1 T O T A U 

I WATER 
ANO REMARKS 

( CONVENTIONAL ANALYSIS) 
37 1*067.0-68.0 0.13 6.0 36.6 1*8.3 Sh, B l , 
38 69.0-70.0 0.37 1*.8 1*1.7 1*3.7 Sh, B l , 
39 71.0-72.0 0.10 5.1 1*3.1 1*5.1 Sh, B l , 
iiO 73.0-7iu0 0.66 6.1 1*2.6 1*0.9 Sh, B l , 
h i 75.0-76.0 0.07 7.1 39.1* 1*5.1 Sh, B l , 
12 77.0-78.0 0.1*0 7.2 1*0.2 1*8.6 Sh, B l , 
1*3 79.0-80.0 0.13 7.6 32.9 56.5 Sh, B l , 

1*1* l*i5o. 0-51.0 0.83 5.5 25.1* 63.6 Sh, B l , 
16 52.0-53.0 1.30 5.0 30.0 58.0 Sh, B l , 
1*6 51*.o-55.o 0.83 5.8 27.5 56.8 Sh, B l , 
1*7 56.0-57.0 5.3 5.1 33.1* 52.9 Sh, B l , 
1*8 58.0-59.0 0.06 5.7 29.0 5it.3 Sh, B l , 
1*9 60.0-61.0 <0.01 U.7 25.5 57.1* Sh, B l , 
50 ' 62.0-63.0 0.21 5.9 27.2 57.6 Sh, B l , 
51 61*. 0-65.0 0.06 5.8 32.8 56.9 Sh, B l , 
52 66.0-67.0 , 0.83 6.1 1*1.0 1*9.2 Sh, B l , 
53 68.0-69.0 o.ol* 6.7 38.8 1*9.3 Sh, B l , 
51t 70.0-71.0 0.03 6.5 32.3 58.5 Sh, B l , 
55 72.0-73.0 0.02 6.6 30.3 57.5 Sh, B l , 
56 7l*.0-75.0 0.11 6.5 1.1*. 6 1*1.6 Sh, B l , 
57 76.0-77.0 0.01 5.9 35.6 52.5 Sh, B l , 
58 78.0-79.0 5.5 5.9 37.3 1*2.3 Sh, B l , 
59 80.0-81.0 i.5o 7.3 38.3 52.0 Sh, B l , 
60 82.0-83.0 0.06 8.1 1*2.0 1*6.8 Sh, B l , 
61 81*.0-85.0 2.2 7.9 39.2 51*. 1* Sh, B l , 
62 86.0-87.0 i.5o 5.U 53.6 33.1* Sh, B l , 
63 88.0-89.0 0.03 "7.0 1*2.8 1*0.0 Sh, B l , 
61* 90.0-91.0 1.12 5.8 56.9 3U.5 Sh, B l , 
65 92.0-93.0 0.33 6.7 52.2 1*0.3 Sh, B l , 
66 9l*.0-95.0 o.ol* 7.5 llii.O 1*6.7 Sh, B l , 
67 96.0-97.0 0.33 6.7 1*9.1 1*0.3 Sh, B l , 
68 98.0-99.0 0.83 . 7.3 1*3.8 1*6.5 Sh, B l , 
69 1*200.0-01.0 0.09 6.9 50.7 1*2.0 Sh, B l , 
70 02.0-03.0 o.5o 9.1* l t l . l t 52.0 Sh, B l , 
71 Ol*. 0-05.0 0.08 8.5 1*3.5 1*3.5 Sh, B l , 
72 06.0-07.0 1.30 7.5 1*9.2 U*.o Sh, B l , 
73 08.0-09.0 0.01 _ 8.2 51.2 31*. 2 Sh, B l , 

V/Fn Grn, W/Lmy Si t Strks, Frac 
V/Fn Grn, W/Lmy Si t Strks, Frac 
V/Fn Grn, W/Lmy Si t Strks, Frac 
V/Fn Grn, W/Lmy Sit Strks, Frac 
V/Fn Grn, W/Lmy Sit Strks, Frac 
V/Fn Gm, Slty, Frac 
V/Fn Gm, Sl ty , Frac 

V/Fn Grn, W/Lmy Sl ty Strks, Frac 
V/Fn Grn, W/Lmy S i t Strks, Frac 
V/Fn Grn, W/Lmy S i t Strks, Frac 
V/Fn Gm, S/Lmy Si t Strks, Frac 
V/Fn Gm, S/Lmy Sit Strks, Frac 
V/Fn Grn, W/Lmy Si t Strks, Frac 
V/Fn Gm, Sl ty , Frac 
V/Fn Grn, W/Lmy Si t Strks, Frac 
V/Fn Gm, W/Lmy Sit Strks, Frac 
V/Fn Gm, Sl ty , Frac 
V/Fn Grn, Sl ty , Frac 
V/Fn Gm, Slty, Frac 
V/Fn G r a , W/Lmy Si t Strks, Frac 
V/Fn Gm, Sl ty , Frac 
V/Fn Grn, W/Lmy Sit Strks, Frac 
V/Fn Gm, W/Lmy Sl ty Strks, Frac 
V/Fn Gm, Sl ty , Frac 
V/Fn Gm, Sl ty , Frac 
V/Fn Gm, W/Lm Slty, Strks, Frac 
V/Fn Grn, Sl ty , Frac 
V/Fn Gm, Sl ty , Frac 
V/Fn Gm, Slty, Frac 
V/Fn Gm, W/Lmy Si t Strks, Frac 
V/Fn Grn, Sl ty , Frac 
V/Fn Grn, »/tizy Slty Strks, Frac 
V/Fn Gm, W/Lmy Si t Strks, Frac 
V/Fn Grn, Slty, Frac 
V/Fn Grn, Sl ty, Frac 
V/Fn Gm, W/Lmy S i t Strks, Frac 
V/Fn Grn, \:'/Lmy Si t Strks, Frac 

These analyses, opinons or interpretations are based on observations and materials supplied by the client to whom, and for whose exclusive and confidential use. 
;=•;<. v v . ' t mn.it* Th* intrr*.rr,;>tM'tw or opinion* fMirt*-.-*.•', rr-prf.--: ' *'.*.>* ? r : ;:; 1 <-*' ('•-.*• I.\!-.<»'i0.i i r . . Ipr. f i l l -rf>r«i r,ti.! ..mi-•,:<.:-., r . l , ; 1,:.; 

* - t • ' i • t - W l i . t i | \ - i M . v. . . . > . i m y ••: r - - * . l f . r t l I I i t K i n . 1 - , l o I n c ' • • " . • ! ' . t l v ; . _ . . ; 

. v •- . . : t'tTi**i i m m i . i l nt-li or -ami m connection with s>.n«.i. such report is used Or rcticd U[>>.n. 
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CO&S ANALYSIS RESULTS 

Company_B;3:5Jl Ti^^^ Formation, GALLUP File. RP-3-2312 

DIAMOND 3 . 5 " WMI LA PLATA KANCOS UNIT " I " KO. 6 Core Type. 

FiMH LA PLATA (GALLUP) Drilling Fluid CRUDE OIL 

County. State NEW MEX. Elev. 6 0 l 5 ' K B T.r.ratinn SEC 6-T32N-R13W 

Date Bppnrt 8-2l;-68 

Analysts GALLOP 

Lithological Abbreviations 
S A N O • S D 
I K A L C - I H 

O O L . O M I T C O O L 
C M t U T - C H 
O Y P S U M - G Y P 

A N H Y D R I T E • A N H V 
C O N G L O M E R A T E - C O N ' S 
P O S S I L l f C R O U S • F O S S 

• A M O V ' S O V 
• H A L Y * I H V 

L I M Y • L M Y 

F I N E . F N 
M CO I UM • M CO 
C O A R S C ' C S E 

CRYSTALLINE.XLN 
GRAIN-CAN 
GRANU LAR - (MNL 

B R O W N • * R N 

O R A Y . O Y 

V U O O 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 

S T Y L O L I T I C S T Y 

SLIGHTLY.SL/ 
V C R Y . v / 

W I T H , w / 

S A M P L E D E P T H P E R M E A B I L I T Y POROSITY 
RESIDUAL SATURATION 

PER CENT PORE • A M P L E DESCRIPTION 

NUMBER F E E T [ 
M 1 L L 1 D A R C Y I 

KA 
PER CENT O I L 

TOTAL 
WATER 

AMD REMARKS 

(CONVENTIONAL ANALYSIS) 

?ii 1-210.0-11.0 0.09 8.5 1*8.2 1*1.2 Sh, B l , V/Fn Grn, W/Lmy S i t S t rks , Frac 
75 12.0-13.0 <0.01 6.9. 50.7 1*2.0 Sh, B l , V/Fn Gm, W/Lmy S i t S t rks , Frac 
76 l i t . 0-15.0 0.06 8 .1 1*0.7 1*8.0 Sh, B l , V/Fn Grn, S l t y , Frac 

S l t y , Frac 77 16.0-17.0 0.02 8.3 1*5.7 1*5.7 Sh, B l , V/Fn Gm, 
S l t y , Frac 
S l t y , Frac 

78 13.0-19.0 2.5 7.9 39.2 1*1* ..3 Sh, B l , V/Fn Gm, W/Lmy S i t Strks , Frac 
79 20.0-21.0 1.80 8.0 1*1.3 51.2 Sh, B l , V/Fn Gm, W/Lmy S i t S t rks , Frac 
80 22.0-23.0 0.17 7.3 1*6.6 1*1.1 Sh, B l , V/Fn Gm, W/Lmy S i t S t rks , Frac 
81 2i*.0-25.0 0.10 6.5 1*9.1 1*0.0 Sh, B l , V/Fn Gm, S l t y , Frac 
82 26.0-27.0 0.10 7.0 55.8 31.1* Sh, B l , V/Fn Grn, S l t y , Frac 
83 28.0-29.0 0.02 7.5 50.7 37.3 Sh, B l , V/Fn Gm, W/Lmy S i t S t rks , 

W/Lmy S i t S t rks , 
Frac 

81- 30.0-31.0 8.3 6.6 1*5.!» 39.1* Sh, B l , V/Fn Gm, 
W/Lmy S i t S t rks , 
W/Lmy S i t S t rks , Frac 

85 32.0-33.0 0.37 6.5 1*7.7 1*1.6 Sh, B l , V/Fn Gm, W/Lmy S i t Strks, Frac 
85 3lu0-35.0 0.10 7.3 35.6 1*5.2 Sh, B l , V/Fn Grn, W/Lmy S i t S t rks , Frac 
87 36.0-37.0 0.06 6.3 33.3 1*9.2 Sh, B l , V/Fn Grn, W/Lmy S i t S t rks , Frac 
83 38.0-39.0 0.02 6.0 35.0- 1*5.0 Sh, B l , V/Fn Grn, W/Lmy S i t S t rks , Frac 
89 1*0.0-1*1.0 0.02 7.9 35.1* 1*2.9 Sh, B l , V / F n Gm, W/Lmy S i t St rks , Frac 
90 1*2.0-1*3.0 o.ol* 7.0 ijO.O 1*8.6 Sh, B l , V/Fn Grn, S l t y , Frac 

S l t y , Frac 91 1*1*. 0-1*5. o 
1*6.0-1*7.0 

0,01 6.8 17.6 66.2 Sh, B l , V/Fn Gra, 
S l t y , Frac 
S l t y , Frac 

92 
1*1*. 0-1*5. o 
1*6.0-1*7.0 0.83 8.2 36.5 1*6.3 Sh, B l , V/Fn Gm, W/Lmy S i t S t rks , Frac 

93 1*8.0-1*9.0 0.19 6.2 33.8 1*8.3 Sh, B l , V/Fn Gm, S l t y , Frac 
91* 5o.o-5i.o 0.02 6.6 1*2.3 39.1* Sh, B l , V/Fn Gm, S l t y , Frac 
95 52.0-53.0 0.20 6.2 50.0 35.5 Sh, B l , V/Fn Grn, W/Lmy S i t St rks , Frac 
96 51*. o-$5.o 0.06 7 .1 1*3.6 1*3.6 Sh, B l , V/Fn Gm, W/Lmy S i t St rks , Frac 
97 56.0-57.0 0.33 7.0 1*1.1* 1*1.1* Sh, B l , V/Fn Gm, W/Lmy ^ l t S t rks , Frac 
98 58.0-59.0 0.17 6.7 1*3.3 1*0.2 Sh, B l , V/Fn Gm, W/Lmy S i t St rks , Frac 
99 60.0-61.0 0.01 7.6 38.2 1*0.7 Sh, B l , V/Fn Grn, W/Lmy S i t S t rks , Frac 

100 62.0-63.0 0.01 6.7 1*9.2 32.8 Sh, B l , V/Fn Gm, S l t y , Frac 
101 61*. 0-65.0 2.3 5.7 1*9.1 35.1 Sh, B l , V/Fn Gm, W/Lmy S i t S t rks , Frac 
102 66.0-67.0 0.17 7.1* 1*1*..6 UU.6 Sh, B l , V/Fn Grn, W/Lmy S i t St rks , Frac 
103 68.0-69.0 0.07 6.2 50,0 35.5 Sh, B l , V/Fn Grn, W/Lmy S i t S t rks , Frac 
10a 70.C-71.0 0.19 6.3 52.3 31*. 9 Sh, B l , V/Fn Gm, W/Lmy S i t S t rks , Frac 
105 72.0-73.0 12 6.6 1*5.1* 1*2.1* Sh, B l , V/?n Gm, S l t y , Frac 
106 71*.0-75.0 0 .21 6.0 1*9.3 36.7 Sh, B l , V/Fn Gm, S l t y , Frac 
107 76.0-77.0 0.11* 6 .1 50.8 39.3 Sh, B l , V/Fn Grn, W/Lmy S i t St rks , Frac 
108 78,0-79.0 0.66 5.8 1*6,5 37.9 Sh, B l , V/Fn Grn, W/Lmy S i t S t rks , Frac 
109 80.0-81.0 0 .01 7.0 57.1 31.-1* Sh, B l , V/Fn Grn, S l t y , Frac 
110 62.0-83.0 O . 0 1 5.6 39.2 1-8.2 Sh, B l , V/Fn Grn, W/Lmy S i t S t rks , Frac 
111 ' 81*. 0-85.0 3.0 6.3 39.7 1*6.0 Sh, B l , V/Fn Gm, W/Lmy S i t St rks , Frac 

These an*J>'«es opinnns or interpretations are baser! on observations and materials supplied by the client to whom, and for whose exclusive and confidential u ' f , 
- f - -1 . * r- i - l c T h r i r f > i ; l i ' - r . s n r r i ; * : t t i " t . * i»r*"«.'.•"•! r <•'<:••'• ••r-z '*-.'* ! ••• ' . <-•<•" : : t • ; r I i ' 1 , . , » ( , r ,*••,, [ l l f f \ i l } »>• - , M H ! . : v , r . . 

, i i f r - Atpi v n ; !••>• •••.*•«. ' . - • i - i i i i ' i i * - r e v - M i <«««:; t > . :u.i"**«* ' i n w a n a i i t y 'n t r p t est i . u i i o j t a> t-i ; . . < • • - ; • : , • . 
j - y vvl, s.is ,-i nt l ic i " m i n e r a l we l l o r * a m l i n c o n n e c t i o n w i t h w h i c h Mich r e p o r t U used ur re l i ed u p o n . 



CA.:.. CORE LABORATORIES. INC. 
Petroleurr. Reservoir Engineering 

D A L L A S . T E X A S 
Pace Nb._ 

CORE ANALYSIS KGSULTS 

Company. 
Well 
Field 

BENSON-̂ ONTIN-GRSSR Formation. GALLUP RP-3-2312 

DT11.-QND 3.5" IA PLATA HANCOS UNIT " I " NO. 6 Core Type. 
LA PLATA (GALLUP) Drilling Fluid CRUDE OIL 

County SAN JUAN Sratf NEW MEX. Elev. 60l5'KB T.rrntinn SEC 6-T32N-R13W 

File 
Date Report 8-21-68 
Analysts GALLOP 

Lithological Abbreviations 

L I M E - LM 

D O L O M I T I - O O L 
C H C R T - C M 
o v r s u M • o v r 

ANHYDRITE-ANHY 
CONGLOMERATE.CONO 
F O S S I L I F E R O U S - r o s t 

• A N O V . « O V 
S H A L Y . S H Y 
L I M Y . L M Y 

FINE* rn 
M E D I U M • M E D 
C O A R S E . C S C 

C R Y S T A L L I N E ' X L N 
O R A I N • G R N 
G R A N U L A R - G R N L 

B R O W N - B R N 
G R A Y - G Y 
V U C Q 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 S T Y 

SLIGHTLY.SL/ 
V E R Y - V / 
W I T H - w / 

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

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

N U M O E R F E E T 
M I L L I D A R C Y S 

Kft 
P E R C E N T O I L | T O T A L 

1 W A T E R 
A N D R E M A R K S 

113 
n i l 
n5 
116 
117 
118 
119 
120 
121 
122 
123 
121* 
125 
126 
127 
128 
129 
130 
131 
132 
133 
131* 

(CONVENTIONAL ANALYSIS) 

1*206. 
88. 
90. 
92. 
91*. 
96. 
9e. 

1*300. 
02. 
0) 4 . 
06. 
03. 
10. 
12. 
H i . 
16. 
18. 
20. 
22. 
21*. 
26. 
28. 
30. 

0-87.0 
0-89.0 
0-91.0 
0-93.0 
0-95.0 
0-97.0 
0-99.0 
0-01.0 
0-03.0 
o-o5.o 
0-07.0 
0-09.0 
0-11.0 
0-13.0 

o-i5.o 
0-17.0 
0-19.0 
0-21.0 
0-23.0 
0-25.0 
0-27.0 
0-29.0 
0-31.0 

0.02 
0.33 

o.oi 
O . 0 1 
o.5o 
3.3 
0.02 
0.01 

O . 0 1 
o.5o 

o.oi 
0.22 
0.09 
3.0 

O . O I 
0.05 
o.oi 
0.07 
0.18 

O . O I 
0.08 
0.09 
0.07 

6.6 
6.9 
8.2 
8.3 
5.1 
5.2 
7.2 
5.2 
h.2 
5.0 
5.0 
5.1* 
6.0 
6.3 
5.U 
6.0 
6.3 
5.1* 
5.7 
h.6 
5.8 
6.2 
6.8 

1*3.9 
1*5.9 
1*0.2 
1*2.2 
17.6 
13.5 
6.9 

13.1* 
16.6 
10.0 
10.0 

9.2 
8.3 
7.9 
9.3 
8.3 
7.9 
9.3 
8.7 

10.9 
8.6 
8 .1 
7.3 

1*6.9 
1*7.8 
1*7.5 
1*7.0 
68.5 
76.8 
79.2 
69.2 
76.2 
81*.0 
76.0 
77.8 
73.3 
76.2 
81.5 
76.6 
69.9 
7l*.0 
70.1 
71.7 
71*. 1 
77.3 
82.1* 

Sh, B l , 
Sh, B l , 
Sh, B l , 
Sh, B l , 
Sh, B l , 
Sh, B l , 
Sh, B l , 
sh, B l , 
Sh, B l , 
Sh, B l , 
Sh, B l , 
Sh, B l , 
Sh, B l , 
Sh, B l , 
Sh, B l , 
Sh, B l , 
Sh, B l , 
Sh, B l , 
Sh, B l , 
Sh, B l , 
Sh, B l , 
Sh, B l , 
Sh, B l , 

V/Fn Grn, 
V/Fn Grn, 
V/Fn Grn, 
V/Fn Grn, 
V/Fn Grn, 
V/Fn Grn, 
V/Fn Grn, 
V/Fn Grn, 
V/Fn Grn, 
V/Fn Grn, 
V/Fn Grn, 
V/Fn Grn, 
V/Fn Grn, 
V/Fn Grn, 
V/Fn Grn, 
V/Fn Grn, 
V/Fn Grn, 
V/Fn Grn, 
V/Fn Grn, 
V/Fn Gm, 
V/Fn Gra, 
V/Fn Grn, 
V / F n Gm, 

S l t y , Frac 
S l t y , Frac 
S l t y , Frac 
W/Lmy S i t S t rks , Frac 
V / S l t y 
V / S l t y 
V/31ty 
V / S l t y 
V / S l t y , W/Lmy S i t Strks 
V / S l t y , W/Lmy S i t Strks 
V / S l t y , W/Lmy S i t Strks 
V / S l t y , W/L^y S i t Strks 
V / S l t y , W/Lmy S i t S t rks 
V / S l t y , -'i/Lay S i t Strks 
V / S l t y , W/Lmy S i t Strks 
V / S l t y , W/Lmy S i t Strks 
V / S l t y 
V / S l t y , W/Lmy S i t Strks 
V / S l t y , n/Lsry S i t Strks 
V / S l t y , W/Lmy S i t Strks 
V / S l t y , "''/Lmy S i t Strks 
V / S l t y , W/Lmy S i t Strks 
V / S l t y 

These analyses, opinons or interpret alums are based on observations and materials supplied bv the client to whom, and for whose exclusive n::r! confidential use. 
\- .. •» ;„ r 1 '* TIJI* intei pi ct-iH»*n« r*r opi ;•»«.;»; »-\ pt -r rv • ;*" . •> ' ' ' • " • ' • • ' ' ' : •* I • 1 •*•• -**''" »*"-. I nr. f M! r r r . - s a is.i <.. -. 

'•• -:!i •!• -i • ••i>c M *•;>, • . i . ,n . . ;v . . . . :io v..LtiAt.iy or i . t ' « • 't . ,t i- 'H . -i - c • ; ' • • . 
..-' . : ^:;y *M? »i o:i;er minrf . i l well or sand in connuclti'ii with which >uch report is used or relied up'itt. 



CORE LABORATORIES. INC. 
Petroleum Reservoir Engineering, 

D A L L A S . T E X A S 
Page Mo 1-A 

CORE ANALYSIS RESULTS 
Cor^pany^BENSON-MONTINraRKR Formation _._ _ QLUtW. 
Well LA PLATA MANCOS UNIT " I " NO. 6. Core Type. . DIAMOND 3.5" 

Field JLA TLA.TJL.COALLUP) Drilling Fluid_ CRUDE OIL 
Cou:.ry._SAN JUAN S t a t f . NEW MEX. Elev 60l5 »„KB _Locatton_.SEC 6-T32N-R13W 

Lithological Abbreviations 

RP-3-2312. 
D.iti- Report. 8-2*4-68 
ArsJvst*. GALLOP. 

• A M P L E 

N U M B E R 

n o L O X n t O O L 

a v * s u « * G Y P 

D E P T H 

F E E T 

C O N A b O M E R A T C - C O N O 
F O S S I L t r C W O U S - r o * S 

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

SANDY.SDv 
SHALY-SHY 
LIMY • LMY 

F IN I - f N 
MSO'UM M£D 
C OARSC - CSC 

CRYSTALLINE-XLN 
GRAIN•SNN 
GRANULAR • GRN L. 

M I L L L C 

RESIDUAL SATURATION 
j PORpSITV l* z *L_9- Z N r - p o * E 

TOTAL 
WATER PER CENT . O I L 

S H O W N • 
G R A 1 C 
V U O G Y -

t " A C T U R C O F R A C 
I A M ' N A T l O N - L A M 
S ~ ' L O l I T I C . * T T 

S L I G H T L Y - » L / 

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 

(WHOLE-CORE ANALYSIS) 

1 liOOO. 0-01.0 ## 6.7 19.8 60.3 Sh, B l , V/Fn Grn 
2 oh.o-o5.o ** 6.6 19.1* 59.7 Sh, B l , V/Fn Gm 
3 10.0-11.0 ** 8.3 15.3 66.9 Sh, B l , V/Fn Grn 
I* Hi. 0-15.0 *1.12 5.6 22.0 51*.5 Sh, B l , V/Fn Grn 
5 20.0-21.0 6.0 19.8 66.5 Sh, B l , V/Fn Grn 
6 21.0-25.0 ** 7.0 17.2 62.2 Sh, B l , V/Fn Grn 
7 30.0-31.0 **• 6.9 20.6 57.5 Sh, B l , V/Fn Grn 
8 3U.0-35.0 ** 6.5 13.6 63.3 Sh, B l , V/Fn Grn 
9 1*0.0-1*1.0 ** 5.0 19. 1* 62.6 Sh, B l , V/Fn Gm, 

10 Ui.0-1*5.0 7.0 12.9 71.3 Sh, B l , V/Fn Grn 
11 50.0-51.0 •0.01 6.2 21.7 62.2 Sh, B l , V/Fn Gm, 
12 51*.o-55.o «* 8.2 17.8 66.8 Sh, B l , V/Fn Grn 
13 6o.0-61.0 *0.07 5.9 15.3 62.5 Sh, B l , V/Fn Grn 
li* 6U.0-65.0 *-* 7.0 12.6 72.7 Sh, B l , V/Fn Gm 
15 70.0-71.0 •0.99 5.3 20.2 59.1* Sh, B l , V/Fn Grn 
16 71*. 0-75.0 *0.03 l*.l* 21.1* 55.9 Sh, B l , V/Fn Grn 

17 U55.0-56.0 U.7 12.0 76.3 Sh, B l , V/Fn Grn, 
18 59.0-60.0 •1.8 3.5 12.1 73.5 Sh, B l , V/Fn Gm. 
19 65.0-66.0 • O . O I 6.0 16.2 62.8 Sh, B l , V/Fn Gra 
20 . 69.0-70.0 ** 5.1 16.6 7l*.6 Sh, B l , V/Fn Gm, 
21 75.0-76.0 # • 5.1* 23.9 62.7 Sh, B l , V/Fn Grn, 
22 79.0-80.0 ** 5.5 22.0 69.8 Sh, B l , V/Fn Gm 
23 85.0-86.0 ** 5.6 20.7 68.3 Sh, B l , V/Fn Gm 
21* 89.0-90.0 ** 5.3 26.5 63.3 Sh, B l , V/Fn Grn, 
25 95.0-96.0 • O . O I 5.5 25.7 68.2 Sh, B l , V/Fn Qrn 
26 1*201.0-02.0 • O . O I 5.3 17.7 69.8 Sh, B l , V/Fn Gm, 
27 05.0-06.0 «* 5.3 26.9 59.6 Sh, B l , V/Fn Gm 
28 09.0-10.0 • O . O I 5.9 25.0 66.6 Sh, B l , V/Fn Grn 
29 15.0-16.0 • O . O I 6.3 23.1 66.0 Sh, B l , V/Fn Gm 
30 19.0-20.0 •0.01 6.2 22.9 68.3 Sh, B l , V/Fn Grn 
31 25.0-26.0 • » 7.3 23.7 56.3 Sh, B l , V/Fn Gm 
32 29.0-30.0 ** 1.3 22.6 56. h Sh, B l , V/Fn Grn 
33 35.0-36.0 *# 5.1 26.1* 51*.1 Sh, B l , V/Fn Gm 

Sl ty , 
S l ty , 
Slty, 
W/Lmy 
W/Lmy 
W/Lmy 
b l t y , 
Slty, 
S l ty , 
Sltv, 
S l ty , 
Sl ty , 
W/Lay 
Sl ty , 
W/Lmy 
W/Lmy 

S l ty , 
Slty, 
W/Lmy 
W/Lr.y 
W/Lray 
"Amy 
W/Lmy 
W/Lray 
Sl ty , 
W/Lmy 
Sl ty , 
S l ty , 
S l ty , 
W/Lmy 
W/Lmy 
W/Lmy 
W/Lmy 

Frac 
Frac 
Frac 
S i t Strks, 
S i t Strks, 
S i t Strks, 
Frac 
Frac 
Frac 
Frac 
Frac 
Frac 
S i t Strks, 
Frac 
S i t Strks, 
S i t Strks, 

Frac 
Frac 
S i t Strks, 
S i t Strks, 
S i t Strks, 
S i t Strks, 
S i t Strks, 
S i t Strks, 
Frac 
Sit Strks, 
Frac 
Frac 
Frac 
Si t Strks, 
S i t Strks, 
S i t Strks, 
S i t Strks, 

Frac 
Frac 
Frac 

Frac 

Frac 
Frac 

Frac 
Frac 
Frac 
Frac 
Frac 
Frac 

Frac 

Frac 
Frac 
Frac 
Frac 

(Service #5-B) 
These nr m ]y-rs . i>;'iii..'f-- i<: ir>ir11" ciatn*n- are 

•Indicates Plug Permeability 
^Indicates Sample Unsuitable for Permeability -Measurement 
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CORE LABORATORIES. INC. 
Petroleum Reservoir Engineering 

DALLAS.TEXAS 
Pige No._.?-A_ 

CORE ANALYSIS RESULTS 

Com pan 

Field.. . 
Counts.. 

• ANC 
B H A L C 9 H 
L I M t . LM 

S A M P L E 

N U M B E R 

> BENSON-MOrrTIN-GREER Formation GALLUP 
LA. PLATA__UANCOS_UNJT..''I,,_.Np. 6_ Core Type DIAMOND 3.5" 

_JA PLATA (GALLUP.). . Drilling Fluid. CRUDE OIL _ _ _ 
SAN JUAN _ .State. .NEW MEX.. Elev . 6QZ5_'KB .Locition_SEC 6-TJ2N-R13W . _ . 

Litholopical Abbreviations 

File.. .... . RP-3-2Ji2. 
Date Report. 6-2i(-68 
Analvsts . QALLPP_ . 

C « C » T - C M 

G V P S U M . ov-* 

D F P T H 

F E E T 

C O M f l L O M C H A T E - C O M C 

P E R M E A B 1 L l T V 
M I L L J . D A R C ¥ 5 

S A N P V • $ & Y 

L I MV • 

' POROSITY 

PER CENT [ 

f i N t *"N 

M r n i u M -1 

C O A R S C C S C 

C R * 1 M - S $ N 

G R A N U L A R • C « N L 

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

P E R _ _ C E N T _ P O R E _ 
T O T A L 

° , L W A T E R 

B R N t *• A C * U * f r> • F R A C 
,T L AM I N A 1 I O N - L AM 

V C Y 4 T > L O i n i ( . . ? T y 

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

AMD R E M A R K S 

I L I C H T L V - M L / 

W I T * . - W. 

(WHOLE-CORE ANALYSIS) 

3U 1*239.0-1*0.0 •0.02 U.9 20.0 61.1* Sh, B l , V/Fn Grn, W/Lmy S i t Strks, Frac 
35 1*5.0-1*6.0 ** 5.2 22.3 60.3 Sh, B l , V/Fn Gm, W/Lmy s l t Strks, Frac 
36 1*9.0-50.0 3.7 18.5 55.1 Sh, B l , V/Fn Grn, */Lmy S i t Strks, Frac 
37 55.0-56.0 *0.01 5.6 18.9 62.0 Sh, B l , V/Fn Gm, W/Lmy S i t Strks, Frac 
38 59.0-60.0 *0.01 5.9 19.1* 57.8 Sh, B l , V/Fn Gm, '•Amy s l t Strk3, Frac 
39 65.0-66.0 *0.02 5 .1 23.6 59.8 Sh, B l , V/Fn Grn, W/Lmy S i t Strks, Fr^c 
Uo 69.0-70.0 ** l * . l 13.0 52.8 Sh, B l , V/Fn Gm, W/Lmy S i t S t rks , Frac 
Ul 75.0-76.0 ## 6.9 16.0 62.0 Sh, B l , V/Fn Grn, S l t y , Fr->c 

S l t y , Frac U2 79.0-80.0 * O . 0 1 5.2 11*. 9 61.5 Sh, B l , V/Fn Gm, 
S l t y , Fr->c 
S l t y , Frac 

1*3 85.0-86.0 * O . 0 1 5.1* 22.0 55.8 Sh, B l , V/Fn Grn, Y«/Lmy S i t Strks, Frac 
Mi 69.0-90.0 *0.01 1*.7 21.5 61.5 Sh, B l , V/Fn Gm, VLmy S i t St rks , Frac 

1*5 95.0-96.0 *0.01 5.5 1*.7 73.0 Sh, B l , V/Fn Grn, S l t y 
1*6 1*299.0-00.0 « 0 . 0 1 1*.7 1.5 67.2 Sh, B l , V/Fn Gm, V/S l ty 
1*7 1*305.0-06.0 * < 0.01 5.8 1.2 77.7 Sh, B l , V/Fn Gra, V/Slty 
1*8 09.0-10.0 *< 0.01 5.7 0.9 77.0 Sh, B l , V/Fn Gro, V/S l ty 
1*9 15.0-16.0 *0.01 7.2 1.3 70.5 Sh, B l , V/Fn Grn, V/S l ty 

So 19.0-20.0 * O . 0 1 6.3 1.3 70.2 Sfc, B l , V/Fn Grn, / / S l t y 
51 25.0-26.0 *0.70 6.9 l . l 73.3 Sh, B l , V/Fn Grn, V/Sl ty 
52 29. '0-30.0 *0.03 7.7 0.9 71.6 Sh, B l , V/Fn Grn, V/S l ty 

•Indicates Plug Permeability 
**Indicates Sample Unsuitable for Permeability Measurement 

T*-e«e itM'v-ci, Mpir...!!- oi inirri»tftriliiins air bast-rl nil ob*Frvaiu>n«- am! tridlf i «.npi>ln-<! tlif clttM 1<> uiv.n;, am! i. •• i- -• I-M-IVUT onii.iri.ti.tl \i*r. 
th t * i r ; . t is m,i i !r . T h e mi t t pi c l a t i " t i v m npi i i inhN c\( ' ie»^e»l r e p i f s t n i Iht- l»*"-t l u k ' i n f n t a i ("'>••«• l ^ l i " : nt--! if h»r (-ill . ,n. < « ) : , . , ^ >-\i rp t r * ! ) ; hnt 
l o t e r . t r f f icv, Jrt<\ A H . ) -ts MTi; < r» K I N ! e n i p l ' - y f c * . j ^ m i i * n-> n ^ p i ' i ^ i b i J i r y « P J I n i . i k - v*;* ' i ; i ! . iv • n » ^ M * I , I ; J I .< t>w, ;•• ;.. j;.t ;it. . ( m i " . ; n , j> i-;«•*•• oprr .n j t . i i> , 
O: I-; ' • I . t . i , , le i : t" - .>f any n i l . v'.i* - i " l l i e? m m i ' i a l \ v t i l i.r N J I U ! in run net n r. v ; - ' ; WI'.M d - u t ! . - f i u i i is i im- ! <•! i f i u - ; ' V ' * -



LA PLATA MANCOS UNIT 1-6 

CORE DESCRIPTION 

CORE NO. 1 

DEPTH 

Cored 3995' to 4055'. Cored 60', recovered 60'. 
Average penetration rate 10 minutes/foot. 
Bedding plane partings and hairline fractures 
throughout entire core. 

DESCRIPTION 

INDICATED 
VERTICAL 
FRACTURES 

OBSERVED 
HAIRLINE 
FRACTURE 
PATTERN 

3995 - 4008 

4008 - 4009' 

4009 - 4012' 

4012 - 4028' 

4028 - 4031' 

4031 - 4043' 

4043 - 4046' 

4046 - 4055' 

CORE NO. 2 

4055 - 4067' 

4067 - 4077' 

Black shale 

Black shale 

Black shale 

Black shale with limey 
siltstone laminations 

Black shale with limey 
vs*i I t s t one laminations 

Black shale with limey 
slitstone laminations 

Black shale 

Black shale 

Vertical 
fracture 

Vertical 
fracture 

Fair 

Fair 

Fair 

Fair 

Fair 

Poor 

Fair to good 

Good 

Vertical 
fracture 

Fracture 
ver t i c a l to 
bedding 
planes 

Cored 4055' to 4o80'. Cored 25', recovered 25'. 
Average penetration rate 9.6 minutes/foot. 
Bedding plane partings and hairline fractures 
throughout entire core. 

Black shale 

Black shale with limey 
siltstone laminations 

Fair 

No good 

4077 - 4o80' Black shale Poor to f a i r 



LA PLATA HANCOS UNIT I-u 

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. Occasionally throughout 
core bedding planes are offset. 

OBSERVED 
INDICATED HAIRLINE 
VERTICAL FRACTURE 

DEPTH DESCRIPTION FRACTURES PATTERN 

4150-4153 

4154- 4155' 

4155- 4159' 

4160-41791 

4180-4185' 

4185-41881 

4189-4191' 

4192-4197' 

4197-42001 

4201-4203 

Black shale with limey 
siltstone laminations 

Vertical 
fracture 

Fracture 
not on 
bedding 
plane 

Healed 
fractures 
at angles 
to bedding 
planes 

Vertical 
fracture 

Fair 

Fair 

Fair to poor 

Poor to absent 

Fair: to poor 

Absent 

Poor to absent 

Poor to fair 

Fair 

Fair 

4204-42101 Large 
healed 
vertical 
fracture 
4005-06' 

Good to fair 

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



LA PLATA MANCOS UNIT 1-5 

CORE DESCRIPTION 

CORE NO. 4: Cored 4210' to 4265'. Cored 55', recovered 55'. 
' Average penetration 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 

4210-4212 

4212-4216 

4216-4220 

4220-4230 

4230-4238 

4238-4242 

4242-4246 

4246-4249 

4249-4263 

4263-4265' 

All 
directions 

Black shale with limey 
siltstone laminations 

Black shale with limey Vertical 
siltstone laminations fracture 

Black shale 

Black shale with limey 
•siltstone laminations 

Black shale with limey 
siltstone laminations 

Black shale with limey 
siltstone laminations 

Black shale with limey 
siltstone laminations 

Black shale with limey Vertical 
siltstone laminations fracture 

Black shale with limey 
siltstone laminations 

Black shale with limey Vertical 
siltstone laminations fracture 

Fair 

Good 

Fair to good 

Good to fair 

Fair 

Good 

Fair 

Fair 

Fair 

Fair 

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



LA PLATA MANCOS UNIT 1-6 

CORE DESCRIPTION 

CORE NO. 5 

DEPTH 

Cored 4265' to 4294'. Cored 29', recovered 29' 
Average penetration rate 16 minutes/foot. 
Bedding plane partings and hairline fractures 
throughout entire core. 

DESCRIPTION 

INDICATED 
VERTICAL 
FRACTURES 

OBSERVED 
HAIRLINE 
FRACTURE 
PATTERN 

4265-4269 

4269-

4269-4278 

4278-4281 

4281-4288 

4288- 4289 

4289- 4292' 

Black shale with limey 
siltstone laminations 

Approximately 2" section 
of slickenside 

Black shale with limey 
siltstone laminations 

Black shale with limey 
siltstone laminations 

Black shale with limey 
siltstone laminations 

Black shale with limey 
siltstone laminations 

Black shale with limey 
siltstone laminations 

Fair to good 

Vertical 
fracture 

Vertical 
fracture 

Fair 

Good 

Fair 

Poor to f a i r 

Poor 

4292-4294 Black shale with limey Vertical 
siltstone laminations fracture 

Poor 

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



LA PLATA MANCOS UNIT 1-6 

CORE DESCRIPTION 

CORE NO. 6 

DEPTH 

Cored 4294' to 4334'. Cored 40', recovered 37'. 
Occasional bedding plane partings and infrequent 
hairline fractures i n part of core as described 
below. As compared to previous cores, the limey 
siltstone laminations are more infrequent and 
thinner. 

DESCRIPTION 

INDICATED 
VERTICAL 
FRACTURES 

OBSERVED 
HAIRLINE 
FRACTURE 
PATTERN 

4294-4296' 

4296-4303 

4303-4305 

4305-4325 

4325-4331 

Black shale with limey 
siltstone laminations 

None • Fair 

" Poor 

" Fa i r 

" Poor to absent 

" Poor to f a i r 

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, NM Page 5 

9-25-68 
(cont'd) Pressured up on annulus between tubing on top of packe 

with tubing'open. Pressure held. Did not get any 
returns through tubing. Swabbed back 12 barrels acid 
displacement o i l . 

9-26-68 Fraced with 6 Dowell Allisons at 625 HHP ( t o t a l 3750 
HHP), 3 Dowell Turbines at 825 HHP ( t o t a l 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 o i l 
Total sand volume 226 barrels. Average overall 
injection rate 86 BPM. No apparent breakdown pressure 
Minimum TP 2900#, maximum 4500#, average 3100#. Well 
sanded o f f at 4800$. 

1:18 PM Shut pumpers down at 48001 pressure. 

9-27-68 

Dowell Gauge B-M-G Gau< 

1:19 PM 3000* 
1:20 PM 2300# 
1:22 PM 1900# 
1:24 PM 15001 
1:26 PM 1300« 
1:29 PM 1250* 14401 
1:30 PM 1420* 
1:33 PM 1410* 
1:45 PM 1380* 
2:00 PM 1260* 
2:15 PM 1340* 
2:30 PM 1380* 
2:45 PM 1450* 
3:00 PM 1440* 
3:15 PM 1440* 
3:30 PM 1440* 
3:45 PM 1430* 
4:00 PM 1420* 
4:15 PM 1415* 
4:30 PM 1410* 
4:45 PM 1405* 
5:00 PM 1400* 
5:15 PM 1400* 
5:30 PM 1385* 
5:45 PM 

• 
1380* 

6:00 PM 1375* 
6:15 PM 1370* 
6:30 PM 1365* 
6:45 PM 1365* 
7:00 PM 1360* 
7:15 PM 1350* 
7:30 PM 1345* 
7:45 PM 1340* 
8:00 PM 1340* 
9:00 PM 132S* 

10:00 PM 1320* 
11:00 PM 1300* 
Midnight 1290* 

1:00 AM 1280* 
2:00 AM 1280* 
3:00 AM 1300* 
4:00 AM 1300* 
5:00 AM 1280* 
6:00 AM 1260* 
7:00 AM 1280* 
8:00 Aft 1240* 
9:00 AM 1240* 




