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EXECUTIVE SUMMARY 

This report describes part of the work done to fulfill a contract1,2 
awarded to Gruy Federal, Inc. by the Department of Energy (DOE) on February 
1 2 ,  1979. The requirements of the contract are summarized in Enclosure 1-1, 
Appendix A. The work includes pressure-coring and associated logging and 
testing programs to provide data on in-situ oil saturation, porosity and 
permeability distribution, and other data needed for resource characteriza- 
tion of fields and reservoirs in which C 0 2  injection might have a high 
probability of ‘success. This report details the second such project. The 
Grayburg-San Andres was one of the reservoirs identified by Gruy’s earlier 
work (Task One of the contract) as having C 0 2  flooding potential. Conoco 
indicated to Gruy that i t  had tentative drilling plans in the Maljamar and 
Ford-Geraldine fields. After several meetings of technical personnel from 
both companies, a proposal was submitted recommending that DOE provide funds 
to support a pressure-coring project in the MCA Unit No. 358. The site was 
recommended as pressure cores and related data should: advance the state of 
the ar t  of CO2 flooding in general; provide Conoco with information that 
could accelerate their justification for installing a C 0 2  displacement 
project on the MCA unit; and provide information not otherwise available in 
the public domain (private project results will  probably be kept confiden- 
tial for a considerable period of time). 

This would serve to advance toward DOE’S stated goal of producing 124,000 
incremental barrels of oil per day from CO2 flooding by 1985. 

Field operations, which were conducted as a cooperative effort between Cono- 
co and Gruy Federal, began on January 16, 1980 when the well was spudded. 
The well was drilled to a depth of 3,635 feet, casing was set and cemented 
and the casing shoe drilled out to a depth of 3,692 feet where pressure cor- 
ing operations began on February 19,  1980. Pressure Coring, Inc., PCI, re- 
covered 18 cores in 18 core-barrel runs (144 feet) of which 1 4  (112 feet) 
were recovered w i t h  pressure in the intervals 3,692 to 3,740 feet, 3,803 to 
3,827 feet, and 4,035 to 4,108 feet, for a 78 percent success ratio. Three 
cores lost pressure because core blocked the ball valve. Pressure was lost 
on one core as a result of swelling of the sliding sleeve. All cores were 
tagged with top and bottom depths. Of the 1 4  cores recovered with pressure, 
13 were packed in dry ice and sent to Core Laboratories in Dallas. The re- 
maining pressure core was sent to Geo-Chem Research, Inc., Houston. Cores 
recovered without pressure were sent to Core Laboratories’ Midland, Texas 
office. Mud samples were sent to Teledyne Isotopes for determination of 
concentration of tritium tracers run in the mud system. 

Upon completion of the coring phase, the hole was drilled to a total depth 
of 4,150 feet and a complete suite of geophysical logs was run by Schlumber- 
ger. Logging was then followed by completion and testing by Concoco. 
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Core analysis performed by Core Laboratories, Inc. and Geo-Chem Research, 
Inc. included measurement of porosity, fluid saturations, permeabilities and 
pore water chlorides and gas chromatography was used to determine the com- 
position of gas released from cores recovered with pressure. Fluid samples 
were also selected for determination of the concentration of the tracers in 
the pore water by Teledyne Isotopes. 

Core porosities agreed well with computed log porosities. Core water satu- 
ration and computed log porosities agree fairly well from 3,692 to 3,712 
feet, poorly from 3,712 to 3,820 feet and in a general way from 4,035 to 
4,107 feet. Computer log analysis techniques incorporating the a ,  m,  and n 
values obtained from Core Laboratories analysis did not improve the agree- 
ment of log versus core derived water saturations. However, both core and 
log analysis indicated the ninth zone had the highest residual hydrocarbon 
saturations and production data confirmed the validity of oil saturation 
determinations. Residual oil saturation, for the perforated and tested 
intervals were 259 STB/acre-ft for the interval from 4,035 to 4,055 feet, 
and 150 STB/acre-ft for the interval from 3,692 to 3,718 feet. Nine BOPD 
was produced from the interval 4,035 to 4,055 feet and no oil was produced 
from interval 3,692 to 3,718 feet, qualitatively confirming the relative oil 
saturations as calculated. The low oil production in the zone from 4,022 to 
4,055 and the lack of production from 3,692 to 3,718 feet indicated the zone 
to be at or near residual waterflood conditions as determined by log analy- 
sis. 

This project demonstrates the usefulness of integrating pressure core, log, 
and production data to realistically evaluate a reservoir for carbon dioxide 
flood. The engineering of tests and analysis of such experimental data re- 
quires original thinking, but the reliability of the results is higher than 
data derived from conventional tests. 

I; 
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INTHOD UCTION 

This report describes part of the work required to fulfill a contract1P2 
awarded to Gruy Federal, Inc. by the Department of Energy (DOE) on February 
1 2 ,  1979. The requirements of the contract are summarized in Enclosure 1-1, 
Appendix A .  The contract, originally awarded by DOE'S Oak Ridge Operations 
Office3 and now administered by the Morgantown Energy Technology 
Center4, provides for DOE funding of research and development in the 
following areas : 

summary of available C 0 2  field test data; 

summary of existing reservoir and geological data for carbonate reser- 
voirs in West Texas, southeast New Mexico, and the Rocky Mountain 
states; 

selection of target reservoirs; 

0 selection of specific reservoirs for C 0 2  injection tests; 

selection of specific sites for test wells; 

0 drilling and coring activities. 

This program is designed to provide a solid engineering foundation upon 
which field mini- and pilot tests or full-scale projects can be implemented 
in carbonate reservoirs 

The pressure-coring and associated logging and testing programs in selected 
wells are intended to provide data on in-situ oil saturation, porosity and 
permeability distribution, and other data needed for resource characteriza- 
tion of fields and reservoirs in which C 0 2  injection might have a high 
probability of success. This report presents detailed information on one 
such project 

General Background Information 

A s  a result of Gruy Federal's early work devoted to reviewing field test 
data (Task One of the contract) and summarizing existing reservoir and geo- 
logic data for selected carbonate reservoirs in west Texas, southeast New 
Mexico, and the Rocky Mountain states (Task Two of the contract), it was 
recognized that the contract program could be expedited by an "early wells" 

3 
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effort in reservoirs clearly identified as having COq flooding potential. 
This program was planned to parallel continued work on contract Tasks One 
and Two. 

To accomplish this, Gruy sought operators who planned, for their own pur- 
poses, to drill infill o r  replacement wells to o r  through reservoirs identi- 
fied as having C 0 2  flooding potential. These wells could be utilized to 
carry out a proposed coring and logging program. 

The program provides for taking cores through the reservoir intervals of 
interest, using a core barrel that retains the cores under pressure for sub- 
sequent analysis. This would provide a more direct measure of in-situ oil 
and water saturations as well as porosity and permeability for comparison 
with data obtained from a comprehensive suite of wireline logs. 

I f ,  for the operator's purposes, a well is to be completed in the target 
reservoir, Gruy would propose to conduct or monitor production tests to 
obtain further data on the C 0 2  flooding potential. These tests would be 
designed by Gruy on the basis of data from core and log analysis. 

Specific Project Background 

Conoco, Inc. is the operator of the MCA waterflood unit in the Maljamar 
field, Lea County, New Mexico. The unit had approximately 300 million 
barrels of oil originally in place in the Grayburg-San Andres reservoirs at 
depths of 3,600 to 4,000 ft. This field, along with several other similar 
fields nearby, was identified by Gruy Federal's screening as a target 
reservoir for C 0 2  flooding. Conoco is planning to drill several wells to 
implement a C 0 2  injection tertiary recovery pilot project. The operator 
responded to contacts made by Gruy Federal and was willing to provide the 
opportunity to obtain pressure cores and other data in one of these wells. 

Conoco Well Site Selection 

Conoco indicated to Gruy that i t  had tentative drilling plans in the Mal- 
jamar and Ford-Geraldine fields. Several meetings of technical personnel 
from both companies discussed methods by which pressure cores and related 
data could be obtained in the MCA Unit No. 358 well, programmed for drilling 
as a Grayburg-$an Andres producer in the MCA waterflood unit of the Maljamar 
field 

Following these meetings, a proposal was submitted recommending that DOE 
provide funds to support a pressure-coring project in the MCA Unit No. 
358.7 This recommendation was based on the conclusion that use of DOE 
funds to pay for pressure cores and related data would: 
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4 0 advance the state of the ar t  of C 0 2  flooding in general; 

0 provide Conoco with information that could accelerate their justifica- 
tion for installing a Cog displacement project on the MCA unit; and 7 

d 

3 

3 

provide information not otherwise available in the public domain (pri- 
vate project results will probably be kept confidential for a consider- 
able period of time). 

This would serve to advance toward DOE'S stated goal of producing 124,000 
incremental barrels of oil per day from CO2 flooding by 1985. Approval 
of this proposal was received in January 1980. * 
Business Arrangements. The basic business arrangements agreed to before 
the start of field operations provided for reimbursement of Conoco for the 
additional costs incurred as a result of well plan revisions necessitated by 
pressure-coring operations including : 

0 additional drilling-rig , mud, casing, cementing, and tool rental costs 
during actual pressure coring and related operations ; 

0 additional logging costs over those that would have been required for 
Conoco's normal evaluation procedures; 7 

rl 
0 direct subcontracting by Gruy Federal for pressure-coring services, 

core analysis services, and related tracer material and services, 
transportation, etc. ; and 

direct subcontracting by Gruy Federal for any special production or 
other tests not related to the operator's original well completion 
plans-. 

Estimated costs to Conoco of the project as proposed are shown in Table 1. 
These arrangements proved both workable and economical. 

5 
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TABLE 1 

Cos t  Es t imate  f o r  P r e s s u r e - C o r i n g  P ro jec t  
MCA No. 358. 

I tem Es t imated  cost 

Addi t iona l  rig costs: 15  days @ $4100 /day  
plus 2 days @ $9OO/day 

Add i t iona l  mud costs 

Add i t iona l  cementing costs 

Special drilling tool rentals 

Additional logging costs 

Add i t iona l  casing costs 

Addi t iona l  foo tage  drilling costs 

Add i t iona l  taxes ( f e d e r a l ,  state , local) 

TOTAL ESTIMATED ADDED COSTS 

6 

$ 63,300 

20,000 

17 ,000  

25 , 000 

12 ,000  

70,050 

2 ,750  

9 , 400 

$219,500 

c 
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MALJAMAR FIELD INFORMATION 

The material that follows is based on information supplied by Conoco. This 
information provided the basis for Gruy's pressure-coring proposal and 
recommendation. 

Location and Historv 

The Maljamar Field is approximately 40 miles northwest of Hobbs, N. M., in 
the northwest shelf area of the Permian basin which underlies west Texas and 
eastern New Mexico (Figure 1). It is one of several fields in western Lea 
County and eastern Eddy County (Figure 2 ) .  The field was discovered in 
1926; the bulk of development drilling took place in the early 1940's. Mal- 
jamar field encompasses 8,040 acres and produces from the Grayburg dolomitic 
sands (Permian) and the San Andres dolomite (Permian) at depths ranging from 
3,600 to about 4,100 ft. The oil gravity is 3 5 O  to 37OAPI. The field was 
originally developed on 40-acre spacing ; 2 0-acre infill development followed 
in the years 1971-1973. 

The general geologic column and stratigraphic nomenclature for this portion 
of the Permian basin are given in Figure 3. 

Geologic and Petrophysical Data 

The Maljamar field is an anticline that plunges in an easterly direction and 
has steep dips on the south side of the structure. Oil production is limit- 
ed on the north by porosity and permeability pinchout and on the south and 
east by an oil-water contact. A structure map contoured on the top of the 
San Andres is shown in Figure 4. 

Five Grayburg-San Andres pay zones are under waterflood in the Maljamar 
Field : 

Grayburg Sands Zone 6 
San Andres Dolomite Zone 7 (upper) 

Zone 7 (lower) 
Lovington Sand Zone 8 (nonproductive) 
San Andres Dolomite Zone 9 (upper) 

Zone 9 (massive) 

A type log showing the depth relationships of these zones and their thick- 
nesses is shown in Figure 5 .  The zones are described in detail below. The 
total gross section from the top of the sixth zone to the bottom of the 
ninth massive pay is generally 320 to 400 feet. 
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Figure 1.--Gruy Federal, Inc. index map o f  C02 projects. 
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Figure 2.--Location' o f  Mal jamar , f i e l d  i n  southeast New Mexico. 
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G R U Y  FEDERAL, INC. 
Zone 6 

Zone 6 consists of several sand bodies, tending to be dolomitic, lying above 
the San Andres and generally within 100 feet of the San Andres top. The 
sands, which are separated by dolomite stringers, are very fine-grained 
subangular quartz sand wi th  dolomitic cementing material. Oolites and 
pellets are common. There is some intercrystalline porosity, but it is 
highly erratic. Sands found immediately on top of the San Andres (Premier) 
are usually nonproductive in the MCA area, although they produce in the 
Grayburg Jackson pool to the west. Figure 6 is a composite isopach map of 
the sands in this zone. 

. .  . 

Zone 7- 

Zone 7 is the upper part of the San Andres section. Porosity usually starts 
within a few feet of the San Andres top. The zone extends down to the 
Lovinglon sand and is approximately 1 2 0  to 150 feet thick. The dolomite is 
predominantly light-colored, wi th  traces of shale and sand near the base of 
the section. The porous and permeable portions are generally pelletoid, 
oolitic, o r  granular, with varying amounts of intercrystalline or inter- 
particle anhydrite which in some cases has been leached to create the 
porosity. Porosities are generally low in this zone, although there is a 
scattering of high porosity due to vuggy zones. Permeability is better 
distributed; there are some high permeabilities due to hairline or micro- 
fractures on the order of 0.1 mm. Generally there is a very dense dolomite 
development in the middle of the seventh zone, which provides the distinc- 
tion between upper and lower pay. Isopach maps of the upper and lower 
seventh zone pays are shown in Figure(s) 7 and 8. 

.Zone 8 

This zone is the Lovington Sand and, except for some rare cases, it is non- 
productive in the MCA area of the M a l j a m a r  field. Total thickness is gener- 
ally 4 0  to 60 f t .  

Zone 9 

Zone 9 ,  lying immediately above the Lovington Sand, has been subdivided into 
"upper" and "massive" porosity zones. The upper ninth zone is a light- 
colored dolomite approximately 50 to 100 feet thick. Anhydrite is less 
common. The massive 
ninth zone was so named because of the thick massive character shown on some 
of the early SP logs. This is also indicated on some of the gamma-ray logs 
by a homogeneous pure dolomite; less pure material is generally found in the 
upper ninth zone. This dolomite is also light in color, w i t h  pelletoid and 
oolitic porosity and wel l  leached interparticle porosity. An isopach map of 
the massive ninth zone is shown in Figure 10. 

Figure 9 is an. isopach map of the upper ninth zone. 

Bottom water is found in the ninth zone, occurring most often at about -65 
f t  in the upper ninth and about -80 f t  in the massive ninth. The water top 
is somewhat erratic , probably complicated by the erratic porosity develop- 
ment. 
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Core Data 

An extensive infill drilling program during 1971-73 provided the opportunity 
to core the various zones in selected locations and sample the entire MCA 
area. Weighted average porosities determined from this coring program are : 

6th zone 12.3% 
Upper 7th zone 9.0% 
Lower 7th zone 7.6% 
Upper 9th zone 9.1% 
9th Massive zone 11.0% 

Permeabilities vary widely but are predominantly 3 md or less. 

Calculation of Reservoir Volume 

Each zone was considered separately in calculating the volume of each reser- 
voir. Isopach maps (Figs. 6 through 1 0 )  were used to calculate acre-feet of 
porosity present. Core data and other information were used to determine 
stock tank oil initially in place. The following tabulation summarizes 
these calculations by zones. 

6th Upper Lower Upper 9th Mas- 
Zone 7th Zone 7th Zone 9th Zone sive Zone 

Porosity cutoff, 8 7 

Average thickness, f t  34 

Acre-feet of porosity 265,490 
Areal extent, acres 7,804 

Average porosity, %i 12.3 
Water saturation, % 23.5 
Formation volume factor 1.25 
Stock tank oil in place 

(STOIP), B/AF 584 
Total STOIP, Mbbl 155,046 

6 6 6 6 
143,310 64,090 72,950 51,310 

6,479 4,006 3,292 1,942 
22 16 22 26 

9.0 7.6 9.1 11.0 
14 16 19 16.5 

1.25 1.25 1.25 1.25 

48 0 396 457 57 0 
68,789 25,380 33,338 29,247 

Total STOIP, all zones: 311,800,000 bbl. 

Because of their larger areal extent, the 6th and Upper 7th Zones contained 
71 percent of original oil in place (223 million barrels). 

Development and Production History 

The Maljamar accumulation was discovered in 1926 and extensive development 
drilling took place in the early 1940's. This competitive primary develop- 
ment was done on 40-acre spacing. 
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In 1942, Grayburg-San Andres gas injection was initiated in what was called 
the Maljamar Cooperative Repressuring Agreement (MCKA) . This was a coopera- 
tive project encompassing the boundaries of the present MCA unit. Lean 
produced gas was injected into 14 infill gas injection wells drilled on 160- 
acre spacing. This program was successful in enhancing the recovery of oil 
from the reservoir. Continental Oil Company acquired its leases in the 
Maljamar area by purchase from Buffalo and Kewanee companies in 1958 and 
1960. 

Original oil in place is estimated at 311 million barrels; ultimate re- 
covery, including primary and waterflood, is projected to be 95 million 
barrels, giving a recovery efficiency of 30.5 percent. This combined pri- 
mary and secondary (waterflood) recovery leaves a field-wide target of 217 
million barrels for enhanced oil recovery methods. 

Reservoir Fluid Data 

The oil from the Maljamar San Andres reservoir has a stock-tank gravity of 
38OAPI and a bubble-point viscosity of 1.09 cp. Original reservoir pressure 
was 1,350 psi and bubble-point pressure was 590 psi. The original formation 
volume factor was 1.19.9 

c 

c 

c 
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MCA UNIT INFORMATION 

The following material is also based on information furnished by Conoco. 

General. Authority 
Grayburg-San Andres 
Division &der No. RR 

to form the MCA unit and to inject water into the 
formations was granted by New Mexico Oil Conservation 

.-2403 dated December 31,  1962. Conoco, a 74.65 percent 
working interest owner, is the operator of this unit (a unit map is given in 
Figure 11).  The other MCA unit working interest owners are listed in Table 
2;  they include A r c 0  and Cities Service, both active in C o g  flooding re- 
search and application. 

History and Waterflood Performance. In November 1963, shortly after unitiz- 
ation, a water injection pilot was commenced in the MCA unit. The pilot 
area was centered around the southwest quarter of Sec. 21 and the northwest 
quarter of Sec. 28. Water was first injected into four wells: MCA Unit 
No(s). 6 8 ,  113,  116,  and 235,  referred to as  the "Central Pilot". After the 
injection appeared successful, the program was expanded over the unit area 
in four major stages between August 1965 and February 1969. The gas injec- 
tion program was phased out as the various areas were put under flood. 
Performance data for the waterflood are shown in Figure 12 .  This response 
indicates good pay continuity and oil bank buildup in this commingled 
waterflood. 

During 1971,  Conoco started an infill development program which was grad- 
ually expanded over the entire MCA unit area. The infill pattern was 
designed to provide five-spot well patterns in the older 40-acre develop- 
ment. The infill program was intended to accelerate and improve the recov- 
ery of waterflood reserves. Additional recovery was attributed to better 
interconnection w i t h  reservoir heterogeneity and improved well completions. 

The operating statistics for June 1979 (Figure 12)  are: 

Average oil production . . '  17,000 B/D 
Average water production ~ 6,000 B / D  
Average water injection 35,000 B/D 

A s  of November 1979, the MCA unit had '199 oil-producing wells, 108 water- 
injection wells, and 50 inactive wells. 

The operator estimates that primary production supplemented by gas injection 
would have recovered approximately 50 million barrels of oil, or  about 16 
percent of the oil originally in place (Table 3 ) .  Waterflood operations are 
expected to recover an additional 45.6  million barrels (14.6 percent). 
Total recovery from primary plus waterflood is expected to be some 95 mil- 
lion barrels (30 .6  percent of ISTOIP), leaving an enhanced recovery Iftarget" 
volume of 217 million barrels, not adjusted for shrinkage. 

1 21 
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G R U Y  F E D E R A L ,  INC. 

TABLE 2 

Working interest owners in the MCA unit, Maljamar field 
Lea County, New Mexico. 

Conoco, Inc. 
Jack B.  Shaw, for Emily Katherine Flint 

Boyd Virginia Woods Shaw 
Rosemary Flint Wayte 
Cities Service Company 
Cockburn Trust  

' A R C 0  Oil and Gas Company 
Richard L. Ray, trustee for Fair N & N Trust 
J .  P. Pierce 
Mary Katherine Fowles 
Shirley Runyan Rich 
Tom Woods Runyan 
Virginia Sears 
Mary Jo Vandriver 
Sally Seeber 
Jewel1 Smith 
Cal Farley's Boys Ranch 
American Petrofina Company of Texas 

23 

Houston, Texas 

Artesia, N. M. 

Oklahoma City, Okla. 
Tulsa, Okla. 
Houston, Texas 
Los Angeles, Calif. 
Tyler, Texas 
Ft. Worth, Texas 
Napa, Calif. 
Wynnewood, Okla. 

Hope, N. M. 
Artesia, N. M. 

Artesia, N. M. 

Artesia, N. M. 

Ft.  Worth, Texas 
Amarillo, Texas 
Dallas, Texas 
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TABLE 3 

Cumulative production, estimated ultimate recovery and reserves 
from primary and waterflood operations MCA unit, Maljamar field 

Lea County, New Mexico. 

Oil recovery at  flood start (11/1/63) 

Estimated remaining primary at flood start 

Estimated ultimate primary recovery, including 
gas injection I, 

Oil recovery since flood start (to 1/1/78) 

Estimated remaining reserves (from 1 /1/78) 

Estimated ultimate waterflood oil recovery 
(less primary and gas injection) 

Estimated total ultimate recovery 

Target oil for enhanced recovery 
(without shrinkage 1 

barrels 

38,666,000 

10,334,000 

49,550,000 

44,232,000 

9,876,000 

45,648,000 

95,198,000 

217,000,000 

7 

7 
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C 0 2  Flooding Potential 

The Maljamar Field was selected as a target reservoir in the data base 
screening work done to date by Gruy Federal, Inc. as part of Task Two of 
contract DE-AC21-79MC08341 (see Table 4) .  Published estimates1 of Cog 
flooding potential in the region indicate that CO2 flooding could recover 
some 15 percent of the original oil in place, o r  about 47 million barrels. 

The C 0 2  pilot will provide the basic information necessary to evaluate the 
use of this process on an expanded basis in the MCA unit. 

I t  was proposed that pressure cores be taken in the first of the seven pilot 
wells to be drilled. This well, MCA Unit No. 358, located 660 feet from the 
east line and 2,600 feet from the north line of Sec. 20, T. 17 S., R. 32 E., 
was intended to serve as the injection well in the pilot project (see Figure 
13). The operator planned to spud this well during the third week of Decem- 
ber 1980 and expected to reach the coring point in about seven days. It was 
planned that the well would be dually completed for separate injection into 
the 6th and 9th Massive Zones. An extensive program of pulse and other 
transient pressure tests was also envisioned as part of project planning and 
implementation. 

Conoco Inc. is currently evaluating the C 0 2  enhanced oil recovery process 
in the Maljamar Grayburg-San Andres by installing a five-acre inverted five- 
spot pattern within an existing waterflood pattern in the MCA unit flood 
project (as shown on Figure 13). This proposed pilot project will require 
drilling seven wells, two logging observation wells and five pattern wells. 
The pilot wells will be completed to provide separate Grayburg 6th and San 
Andres 9th Massive zone injection and production, thereby allowing an evalu- 
ation of the CO2 enhanced recovery process in the two major MCA unit pro- 
ducing intervals. The two logging observation wells will be drilled between 
the injector and two of the producers to provide a study of zone isolation, 
vertical heterogeneity, the CO2 displacement process, and reservoir direc- 
tional variation. 

The purpose of the C 0 2  pilot will be to determine: 

o if COS can mobilize oil in flooded-out Grayburg-San Andres waterflood 
intervals ; 

o the CO2 process recovery efficiency (amount of C o g  required per 
barrel of oil recovered) ; 

o C 0 2  injection rates. 

The pilot will be located in one quadrant of an 80-acre five-spot waterflood 
pattern, an area bounded by MCA No(s). 48, 66, 256, and 262. This area was 
chosen because the 6th and 9th Massive zones here are believed to be some of 
the best pay quality in the field at an advanced waterflood life. Figure 1 4  
shows the operating plan for this C 0 2  pilot. 
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G R U Y  FEDERAL, I N C .  

TABLE 4 

FIELDS SELECTED AS CANDIDATES 
FOR CO? DISPLACEMENT I N  T H E  PERMIAN BASIN* 

Cumulative * * Hypothesized 
District I Major production recovery, 

Field Name State Reservoir to 1976, bbl M M b b l  

Wasson 
Slaughter 
Levelland 
Seminole 
Fullerton 
Kelly - Snyder 
Diamond M 

Goldsmith 
North Cowden 
South Cowden 
Foster 
Howard- Glas s cock - 

-Ward Estes 
Sand Hills 
McElroy 
Yates 
Hobbs 
Vacuum 

8AITexas 
8AI Texas 
8AI Texas 
8Al Texas 
8 I Texas 

8Al  Texas 
8AITexas 

8 I Texas 
8 I Texas 
8 I Texas 
8 I Texas 
8 I Texas 
8 I Texas 
8 I Texas 
8 I Texas 
8 I Texas 
N.M. 
N.M. 

San Andres 875,657,116 
San Andres 642,687,368 
San Andres 242,675,781 
San Andres 203,777,244 
Permian 177,379,697 
Canyon 816,372,830 
Canyon Lime 196,622,305 
San Andres 285,990,706 
Permian 259,005,979 

San Andres 105,536,037 
Grayburg 177,647,850 
Yates 302,775,723 
Yates-Seven Rivers 315,080,915 
San Andres 94,933,812 
Grayburg 321,110,539 

Grayburg-San Andre 619,642,206 
San Andres 226,978,885 

Grayburg 159,307,712 

670 
26 0 
2 00 
80 
160 
310 
60 
130 
130 
80 
90 
230 
120 
220 
380 

500 
160 
270 

* Doscher, T. M., and Wise, F. A. : "Enhanced Crude Oil Recovery Potential--An 
Estimate," J. Pet. Tech. (May 1976); 575-585. 

** Texas Railroad Commission Annual Report 1975 and Annual Report of the New 
Mexico Oil and Gas Engineering Committee, Hobbs, New Mexico, 1975. 
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FIELD OPERATIONS I N  MCA NO. 358 
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Field operations were conducted as a cooperative effort between Conoco and 
Gruy Federal with the understanding that Conoco had ultimate responsibility 
and authority for the operation at all times. The letter agreement between 
Conoco and Gruy Federal under which the operation was executed is included 
in this report as Appendix A. This agpeement provided for reimbursement of 
Conoco for costs due to pressure coring over and above the costs provided 
for under the original wel l  plan (illustrated in Figure 15a), in accordance 
with the schedule of costs outlined in Table 5. A f t e r  coring and logging, 
when the hole was reamed down and full circulation established, Conoco 
assumed financial responsibility for running and cementing production casing 
preparatory to completion. The operation from spud-in to final completion 
is described in the following sections. 

A .  Drilling Operations 

Conoco was responsible for all drilling operations on the MCA 358. The 
revised well plan to accommodate pressure coring operations is shown in 
Figure 15b. The well was spudded on January 1 6 ,  1980 and was drilled to a 
depth of 750 feet where 16-inch casing was run. The casing was cemented and 
then drilled out to a depth of 3,635 feet where 10-3/4 inch casing was set. 
The casing was cemented, then drilled out to a depth of 3,692 feet where 
pressure coring operations began on February 19, 1980. 

B. Coring Operations 

Before coring, Gruy Federal purchased two core bits equipped w i t h  STRATAPAX@ 
cutters (Figure 161, d ry  ice, and fuel. Pressure-coring operations in the 
MCA 358 began on February 1 7 ,  1980. Pressure Coring, Inc. (PCI) was kept on 
standby until February 23. Conoco drilled into the sixth pay zone in the 
Grayburg a t  3,692 feet, and PCI took six cores (48 feet) in this zone. 
Conoco then drilled to the seventh pay zone at the top of the San Andres 
(3,803 feet) and PCI took three cores (24  feet) to a depth of 3,827 feet. 
Conoco drilled to the ninth zone in the San Andres (4,035 feet). PCI cored 
72 feet to a depth of 4,108 feet (nine cores). During the drilling of the 
14th core, it was discovered that a tong die had dropped into the hole. 
Efforts to recover the die consisted of drilling one foot with a rock bit 
and junk basket and following up with a magnet and junk basket. 

PCI recovered 18 cores (144 feet), of which 14 (112 feet) were recovered 
with pressure. Three cores lost pressure because core blocked the ball 
valve. Pressure was lost on one core as a result of swelling of the sliding 
sleeve. The final results indicate that PCI successfully recovered 78 per- 
cent of the cored interval with pressure. Table 6 summarizes the coring 
operation. For more complete details of pressure coring operation, refer to 
Dowdco Drilling reports in Appendix B. 
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G R U Y  FEDERAL, I N C .  
TABLE 5 

Cos t  estimate f o r  MCA No. 358 (CO? pilot well)  

Es t imated  Costs wi th  Pressure C o r i n g  
I n c r e m e n t a l  
$ over conv. 

C o r e  case 

C a s i n g :  750 f t  16" 65# R-40 S T C  C! $ 2 5 / f t  
3650 f t  10-3/4" 51# C-75 S T C  C! $28.25/f t  

8200 f t  2-3/8" 4.7# 5-55 EUE 8RD tubing 
C! $2 .50 / f t  
Coat  tubing internally C! $1.05/ f t  

*3900 f t  1-1/4" 2.33# R-55 I J  lORD tubing 

*1 D u a l  wel lhead ,  complete 

550 f t  7-5/8" 33.7# (2-75 S T C  (3 $17.75/ f t  

C! $ 2 / f t  

Miscellaneous 

403 
407 
411  
412 
416 
417 
418 
421 
425 

427 
428 
429 
431 
437 
438 
439 
444 
445 

3650 f t  @$151ft  
18 days C! $4100 /day  plus 8 days @ $ 9 0 0 / d a y  
Mud 
Cement  
Non-cont .  mt l s .  
Special drilling tools 
C o r i n g  cost: Dowdco 2001, $140,000; 
analysis, $92,000** 
P e r f o r a t i n g  
Acid iz ing  and f r a c t u r i n g  
Well surveys, electric and mud logs 
Transportation 
Div. exp. 
Co. labor and supervision 
C o n t r a c t  labor 
Tax 
Misc . 

L e s s  Conoco's estimate of coring and 
core analysis costs 

Conocols  incremental cost 

$ 18,800 $ (18,800) 
103,100 (91,250) 

9 ,800 40,000 

20,500 
8,600 

7,800 
10 ,000  

6 ,200  

184,800 (70,050)  

6 ,000  
30,600 
54,750 ( 2,750)  
81 ,000  (63,300)  
25,500 (20,000) 
40,000 (17,000)  
15 ,000  
40 ,000  (25,000)  

232,000 (211,000) 
3 ,000  

40,000 
28,000 (12,000)  

3 ,000  
1 ,000  
2 ,000  
7,000 

18 ,700  ( 9,400)  
25,000 

652,000 (360,450) 

$836,850 (430,500) 

*Both  cases--conventional and pressure core. 
**To be subcontracted separately by G r u y  Federal, Inc .  
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Figure 15b.--Pressure coring well plan for MCA #358. 
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TABLE 6 

Coring Record, M C A  358 

Core no. ‘DeDth Feet Hours Bit no. Remarks 

First sequence 

1 3692-3700 8 1-112 CS118 Dummy run; pressure OK 
2 3700-3708 8 1-314 CS118 Pressure OK 
3 3708-3716 8 1-114 CS118 No pressure; core blocked 

4 3716-3724 8 2-114 CS118 OK 
5 3724-3732 8 4-314 CS118 OK, 2150 psi 
6 3732-3740 8 2 CS118 No pressure; ball valve 

malfunctioned 

ball valve 

Second sequence 

7 3803-3811 
8 3811-3819 
9 3819-3827 

Third sequence 

10 4035-4043 

11 
12 
13 
14 
15 
16 
17 
18 

4043-4051 
4051-4059 
4059-4067 
4067-4075 
4076-4084 
4084-4092 
4092-4100 
4100-4108 

8 
8 
8 

8 

8 
8 
8 
8 
8 
8 
8 
8 

2-314 
1 
2 

314 

1 
1-114 
1-114 
1 
1 
1 
314 
1 

CS114 
CS114 
CS114 

CS114 

CS114 
CS114 
CS114 
CS114 
CS114 
CS114 
CS114 
CS114 

OK, 2000 psi 
OK 
No pressure; recovered 
6 f t ;  core blocked 
ball valve 

No pressure ; recovered 
8 ft 10 in. ; core blocked 
ball valve 
OK, 2200 psi 
OK, 1950 psi 
OK, 2100 psi 
1000 psi; tong die 
OK 
OK, 2150 psi 
OK, 2100 psi 
OK, 2050 psi 
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G R U Y  FEDERAL, INC.  

All cores were tagged with top and bottom depths. Cores recovered w i t h  
pressure were packed in dry ice and sent to Core Laboratories in Dallas. 
Unpressured cores were sent to Core Laboratories' Midland (Tex.) labs. One 
pressured core (No.  15) was sent to Geo-Chem in Houston. 

Time components of coring operations and penetration rates are listed in 
Table 7. Daily sequence of events during coring is shown in Figure 17 .  

C. Coring Mud Properties 

Coring mud properties as recorded by daily checks during the operation are 
listed in Table 8. 
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G R U Y  FEDERAL, INC.  

TABLE 7 

Time components of coring operations and penetration rates 
during experimental bit comparisons. 

Pick up Pick up 
and run Coring and lay Total Footage Coring 

Bit in hole, time, down, time, cored, rate, 
Core no. no. hours hours hours hours feet f t l h r  

First sequence 

1 CS118 
2 CS118 
3 t  CS118 
4 CS118 
5 CS118 
6 t  CS118 

Second sequence 

7 CS114 
8 CS114 
9 t  CS114 

Third sequence 

1 O t  
11 
12 
13  
14  
15 
16 
17 
18  

CS114 
CS114 
CS114 
CS114 
CS114 
CS114 
CS114 
CS114 
CS114 

4-1/2* 
2-3/4** 
3-112 
3-114 
2-314 
2-112 

4-1 1 2 t t  
2-314 
2-1 I 4  

4 
2-314 
1-1 I 4  
2-314 
3 
4 
2 
2-114 
2-112 

1-1 I 4  3 9 
1-314 3-314 8-114 
1-1 I 4  4-314 9-112 
2-114 2-314 8-1 I 4  
4-314 4 11-112 
2 3-112 8 

2-314 4-112 11-314 
1 3 6-314 
2 3-112 7-314 

314 
1 
1-114 
1-114 
1 
1 
1 
314 
1 

5-3/48 10-112 
2-11298 6-114 
2-314 5-114 
4-114 8-114 
3 1  7 
3-112 8-112 
2-112 5-1 12 
3-31411 6-314 
3-112 7 

8 5.3 
8 4.5 
9’ 2.5 7.4 
8 
8 
8 

8 
8 
5’9” 

8 
8 
8 
8 
8 
8 
8 
8 
8 

3.5 
1.7 
4.0 

2.9 
8 
2.9 

10.6 
8 
6.4 
6.4 
8 
8 
8 

10.6 
8 

* Excludes 3-112 hours to wash to bottom. 
**Excludes 1 5  hours to condition mud. 
t Core recovered wi th  no pressure. 
tt Includes reaming 
8 Excludes 6-112 hours to condition mud. 
§§Excludes 2-314 hours to condition mud. 
1 Excludes 10-112 hours for fishing. 
i[1Excludes 6-314 hours to change brakes. 
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Figure 17.--Daily sequence o f  pressure coring for MCA #358. 
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TABLE 8 

Mud properties, MCA 358 

Depth, Mud wt., Viscosity, P1. vis. Yield Filtrate, C1, Ca , Tritium, 
Date f t -  lb I gal funnel cp point Gels pH API ppm ppm 10-5 p~ 

21 23/80 

2 / 2 4 / 8 0  

21 26/80 

2 / 2 6 / 8 0  . 

21 28/80 

2 /29 /80  

2l30180 

3 /01 /80  

3 / 0 2 / 8 0  

3 /03 /80  

3547 12.7 

3694 12.8 

3700 -. 10.7 
* ,  

3718 10.3 

3790 10.1 

3803 10.1 

38 20 10.0 

9.9 

. 10.0 

---- 
---- 

10.4 ---- 

51 

66 

46 

58 

49 

68 

67 

67 

61  

72 

35 

66 

18 

58 

24 

24 

28 
-- 
19 

28 

22 

37 

16 

28 

16 

20 

2 1  
-- 

14 

25 

2/15 

4 /10  

21 10 

4112 

4/10 

4 /15  

2113 
---- 
4 /15  

8/23 

10.0 

10.0 

9.0 

9.0 

7.5 

8.5 

8 

8 

8 

8.5 

4.2 

4.0 

5.0 

3.8 

5.4 

5.2 

4.1 

5.6 

6.2 

4.1 

3800 

4600 

3100 

3600 

2900 

2900 

2400 

2500 

2500 

3100 

-- 
trace 
trace 
trace 

-- 
22.0 

22.0 

6.56 

6.38 

5.35 

5.35 
-- 

31  051 80 4059 10.4 62 23 26 3/18 8.5 4.9 3000 trace 6.01 

5.18 3 /05 /80  4076 10.4 68 26 26 3/18 8.5 4.2 3200 -- 
31  071 80 4100 10.5+ 7 1  2 1  25 5/25 8.5 3.5 2900 trace 4.93 



G R U Y  FEDERAL, INC.  

Logging Operations 

n 

Because of the experimental nature of the MCA 358, a comprehensive logging 
program was planned and implemented. Schlumberger well-logging services 
were called out to the location on five occasions. Two open-hole logging 
suites were run and three open-hole pressure tests were made. A brief sum- 
mary of these log runs is given below. 

Date Interval, f t  Logs run 

2- 14- 80 1 ,800-3 ,640  CNL /FDC / G R  
DLL/MSFL/GR 
B H C / G R  

2-24-80 3,640-3,691 RFT 
2-27-80 3,640-3,803 RFT 
3-02-80 3,640-4,034 RFT 
3-07-80 3,640-4,136 C N L / F D C / G R  

DLL/MSFL/GR 
BHC/GR 
NGT 

Glossary of Log Abbreviations 

CNL - 
FDC - 
GR - 
DIL - 
MSFL- 
BHC - 
RFT - 
NGT - 

Compensated Neutron Log 
Compensated Formation Density 
Gamma Ray 
Dual Induction Laterolog 
Spherically Focused Micro Log 
Borehole Compensated Sonic 
Repeat Formation Tester 
Natural Gamma Ray Spectroscopy 

Preliminary analysis of the logs at the wellsite indicated movable hydro- 
carbons in all of the cored intervals. Recorded porosities were in the 
expected range, 5 to 15 percent. The RFT tools indicated lower pressures 
than expected before drilling. However, during drilling of the 50-foot rat  
hole required to log the hole at total depth (4,150 feet), Conoco operators 
were forced to weight up the mud system from 10.7 to 11 .8  lb/gal. Mud sam- 
ples and fluid samples were taken during coring operations to assist in the 
determination of mud filtrate invasion (the coring mud was tagged with a 
tritium tracer 1 

Figures 18 and 19 show the complete suite of logs taken in the cored inter- 
val. 

Core data, combined wi th  results from the comprehensive logging suite, 
should greatly enhance the reliability of the porosity and water saturation 
calculations in this part of the Maljamar field. , 
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G R U Y  FEDERAL, INC. 

3 

Completion Operations 

Following the logging of the MCA 358, Conoco began completion procedures. 
The 6-112-inch hole was reamed with an 8-3/4-inch bit. On March 16, 1980, a 
7-5/8-inch liner was cemented with float collar located at 4,107 feet. The 
remaining completion operations were performed during production testing 
procedures. Figure 20 is a completion schematic for the well. 

3 
1 -  

Production Testing Procedures. After completion of log analysis, test 
intervals were selected, and test procedures began on March 1 7 ,  1980. These 
procedures comprised two separate phases. Two intervals were isolated, 
perforated, and treated with 15  percent HCl-NE acid. Both intervals were 
swab tested for a minimum of one day. 

Production pumping tests were run from August 24 to October 6 ,  1980. 

A summary of production testing procedures is given in Table 9. 
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Figure 20.--Completion diagram, MCA u n i t  358. 
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GRUY FEDERAL, INC.  

TABLE 9 

DETAILS OF MCA NO. 358 COMPLETION 

CASING RECORD: 16 inches 65 lb, H-40 at 749 feet with 755 sx. (circ. 342 
SX.) 

10-3/4 inches, 51 lb, C-75 at 3625 feet with 755 sx. in 
1st stage, (circ. 20 sx.), 2275 sx. in 2nd stage 
(circ. 1 

7-5/8 inches, 33.7 lb, L-80 at 3545-4148 feet with 100  
SX. (float collar at 4107 feet. 

Phase I 

Moved in rig-up completion unit. Prepare to drill cement plugs. 

Went in hole with 9-1/2-inch bit, no cement to top of liner at 3545 feet. 
Pressure tested casing to 850 lbs for 20 minutes. 

Went in hole with 7-1/2-inch bit, tagged cement at 4107 feet, drill out to 
4118 feet. Pressure tested casing at  1000 lbs, held O.K. 

Ran gamma ray spectroscopy and cement bond log. Cement bond log showed poor 
and no bond from 3545 to 3638 feet, 4035 to 4058 feet and 4074 to 4090 feet. 

Ran bottom hole location survey : horizontal displacement of 20.64 feet at 
north 5 - 1 1 2 O  east. 

Spotted 200 gallons 15  percent HCL-NE acid from 3980 to 4090 feet. 

Perforated Ninth Massive Zone from 4022 to 4055 feet with four jets/ft. 

Washed acid across perforations for one hour, circulated out. 

Swabbed 103 bbls fluid with trace oil at rate of 10-12 bbls fluidlhour. 
Swabbing level a t  3700 feet. Six hundred lb shut-in tubing pressure the 
following a.m. 

Ran injectivity test: 
up to 1070 lb a t  end of 4-1/2 hours. 

pump at  rate of 60 b b l s / D ,  surface pressure had built 

Acidized with 1800 gal 15 percent NE-HCL at average rate of .3 bbls/min, 
average pressure of 950 lbs; shut-in tubing pressure, 650 lbs. 

Swabbed 602 bbls fluid with trace of oil a t  rate of 40-50 bbls fluid/hour. 
Swabbing fluid level a t  1200-1500 feet. Well will flow at rate of 17 bbl 
fluidlhour; shut-in tubing pressure the following a.m., 650 lbs. 

Ran pump-in temperature and radioactive tracer survey : showed behind-pipe 
channel downward from perforations 4055-4060 feet. Survey also showed hole 
in pipe from 4092-4095 feet. (Re-set packer at 4075 feet and pumped into 
hole at 1 / 2  bbls/min at 1000 lb) 

Perforated at  4090 feet with two jet shots for cement squeeze. 
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I 

Pumped-in at rate of 1-1 /2  bbls/min at 800 lb. 
confirmed behind-pipe channel. 

Circulated out annulus which 

Spotted 35 sx. of Class "C" cement mixed at 14.8 lb/gal and squeezed away at 
500-1000 lb. Reversed out two bbls cement. Hold 500 lb and WOC. 

Swabbed 68 bbls fluid with trace of oil at rate of 10-12 bbls fluidlhour 
from perforations 4022-4055 ft. Swabbing fluid level a t  2000-2500 f t ;  shut- 
in tubing pressure the following a.m., 400 lb. 

Ran pump-in ternperature and radioactive tracer survey at 250 bbls/D rate and 
1000 lb: no indication of behind pipe channelling. 

Phase 2 

Set Backer Model trFA" packer at 3900 lb. 

Spotted 200 gal 15 percent HCL acid from 3650-3730 ft. 

Perforated Sixth Zone from 3682-3718 ft with four jets/ft. 

Washed acid across perforations for one hour and reversed out. 

Acidized with 1800 gal 15 percent NE-HCL. Could only pump acid at rate of 
113 gallhr at 600-800 lb. After 1 2  hours, increased pressure to 2000 lb and 
formation broke down. Treated at one bbl/min at 1500-1800 lb. Had pressure 
increase on casing-tubing annulus after approximately 1 / 2  the acid was 
pumped away. 

I-- 

Ran pump-in temperature and radioactive tracer survey : showed a behind-pipe 
channel from 3682 feet to liner top. 

r- 
Set cement retainer at 3660 feet. 

Spotted 50 SX. of Class "C" cement mixed at 14-15 lb/gal. 
200-500 lb. Reversed out. WOC. 

Squeezed away at  

Lost four of the six bow springs off the retainer-setting tool. 

Went in hole with 9-1/2-inch bit - no cement to top of liner. 

Went in hole wi th  6-1/2-inch bit - no cement to top of retainer. 

Milled on junk and retainer. 

Drilled cement from retainer across perforations. 

Tested perforations to 1000 lb - held O.K. 

Went in hole with Vann perforating gun and packer. 

Pumped 1000 gal mixture of 50 percent Xylene and 1 5  percent HCL acid down 
tubing and up annulus to liner top. Let set one hour and reverse out. 

Set packer and swab tubing down. 
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Laboratory Core Analysis 

Thirteen of the fourteen cores recovered with pressure were sent to Core 
Laboratories' special core analysis laboratories in Dallas ; the remaining 
core was sent to Geochem Research, Inc., Houston. Full-diameter segments of 
the recovered cores were selected for measurement of porosities, fluid 
saturation:: permeabilities, and pore-water chlorides. "Plug " and "donut" 
portions cut from full-diameter segments were chosen for testing to deter- 
mine the concentrations of the tracers in the pore water. Gas chromatogra- 
phy was used to determine the composition of the gases liberated from the 
full-diameter cores recovered with pressure. 

Cores recovered without pressure were sent to Core Laboratories in Midland, 
Texas, for routine core analysis. Porosities, fluid saturations, and perme- 
abilities were measured for full-diameter, plug, and donut cores. The pro- 
cedures used in the pressured and nonpressured core analyses are presented, 
along with the data obtained, in Appendix C. 

Porosity, Saturation, and Permeability Data. The cores recovered with 
pressure are identified in Figure(s1 21 and 2 2 .  These figures show plots of 
core analysis data showing total fluid saturation, oil saturation, water 
saturation, and porosity versus depth. Porosity measurements from both 
pressured and nonpressured cores are similar and correlate well with 
electric-log porosity data, as discussed later. However, both oil and water 
saturations in the nonpressured cores (Core(s) 3 ,  6 ,  and 10)  are consider- 
ably lower than those measured in comparable pressured cores. The average 
of total fluid saturation (oil and water) values for nonpressured cores was 
61  percent, whereas the average of total fluid saturation values for pres- 
sured cores was 86 percent. 

Maximum horizontal and vertical permeability to air are plotted on Figure(s1 
23 through 26. The variation of vertical permeability with depth shows a 
pattern comparable to that of horizontal permeability. The vertical permea- 
bility is less than the horizontal by one order of magnitude in the sixth 
and seventh zones, while in the upper ninth zone these permeabilities are 
generally in the same range. 

In a few instances, high horizontal and vertical permeabilities indicated 
the presence of fractures. The available data do not indicate whether these 
fractures are natural or were induced during drilling. 

For a water-wet rock surface, the immobile (irreducible) water saturation is 
dependent on the porosity of the rock. Since permeability is also dependent 
on porosity (Figure(s) 2 7 ,  28 ,  and 291, the irreducible water saturation 
should also be related to the permeability. The interrelationship suggests 
that irreducible water saturation should be a function of the logarithm of 
permeability. For water-wet systems known to be at irreducible water satu- 
ration, a plot of water saturation against the logarithm of permeability is 
linear. Figure(s1 30,  31,  and 32 are semilogarithmic plots of water satur- 
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Figure 21.--Core analysis results: water saturation & porosity. 
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Figure 22.--Core analysis results: water saturation & porosity. 
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Figure 25.--Core data: maximum v e r t i c a l  permeabi l i ty  t o  a i r  vs. depth. 
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ation against permeability for all the zones that were pressure-cored. The 
plots do not show a linear trend, suggesting either that these zones are not 
at irreducible water saturation or that the rock surfaces are partially oil- 
wet. Additional analysis indicates that both conditions are possible. How- 
ever, these zones are too large to eliminate the possibility that specific 
intervals may be at the irreducible water saturation l imi ts .  

Grain Density and Chloride Data. Grain density measurements were taken and 
are plotted against depth in Figure(s) 33 and 34. The Grayburg Sandstone 
grain densities vary because of the varying composition of the samples. The 
pure dolomites were in the range expected (2.8 to 2.9 gmlcc). Core descrip- 
tions and grain densities show that the sandstones in the Grayburg are not 
pure but contain some calcareous material, which could increase the grain 
density. 

Chloride content of the mud, which ranged from 2,400 to 4,600 ppm, was con- 
siderably lower than that of the cores, which ranged from 42,700 to 171,000 
ppm. The range of chloride concentrations from the cores was also above the 
values indicated by produced water measurements for each zone. Core chlo- 

ppm, while ninth zone produced water measurements indicated a chloride con- 
centration of 40,000 ppm. Core chlorides from the sixth zone perforated 
interval ranged from 97,500 to 162,000 ppm, compared to a concentration of 
about 16,000 indicated by produced water measurements 

- rides in the ninth zone perforated interval ranged f r o m  58,400 to 112,100 

The use of high chloride low-invasion gel may have affected chloride concen- 
trations, making direct determinations of core chlorides impractical. 

Invasion Data. Permeability, porosity, and water saturation were measured 
for 18 plug and donut samples taken from full-diameter cores recovered with 
pressure. This method of core sampling provides a means of evaluating the 
degree of mud filtrate invasion into the full-diameter cores. Figure(s) 35 
and 36 are plots of porosity and water saturation for plugs and donuts. A s  
a limiting assumption, the water saturation of the plug represents in-situ 
formation water saturation (i.e., not invaded by mud filtrate), while the 
water saturation of the donut represents the water saturation of the flushed 
formation (i.e., invaded by mud filtrate). The difference between the in- 
situ and flushed water saturations represents the change in water saturation 
due to core invasion. 

The plots show that the water saturation of the donut was generally higher 
than that of the plug, indicating a degree of invasion. In the depth inter- 
val 4,066 to 4,072 feet (Figure 36), the donut had a considerably lower 
water saturation than the plug. This could be related to the fact that the 
plug is more porous than the donut, a situation that could be caused by 
fractures or by a nonhorizontal porosity zone. This situation causes the 
permeability of the plug to be larger than that of the donut and also in- 
creases the plug's water saturation compared to that of the donut. Further- 
more, the porosities of the plugs are slightly higher than those of the 
donuts 

P 

t 

L 
5 
5 

60 h 



I 

I .  * 

1 'u 
7 

2.6 

n 

0 
0 

, I Conoco MCA #358 
Mal jamar F i e l d ,  Texas 
San Andres Formation 

- . .  . 

Grain Density (GM/CC) 

2.7 2.8 2.9 3 .O 

1 

Figure 33.--Core data: grain density o f  recovered cores. 
I 61 



GRAl N DENS I TY (GM/CC) 
2.6 2.1 2.8 2.9 

0 
0 
0 
m 

0 
0 
0 
e 

I 

W 
li 
n 

0 
m 
0 

[ Conoco MCA #358 b 
I Maljamar F i e l d ,  Texas 

San Andres Formation 

F 

I 3 .O 

b 

Figure 34.--Core data: grain density of recovered cores . 
62 



13 
ij 

I 
1 
1 

Figure 35.--Porosi ty and 

I Conoco flCA #356 
flaljamar F i e l d ,  Texas I San Andres Formation 1 

EI n 

E n 

if 

R 
LC 

0 n 

wat 

0 - DONUT 
I -PLUG 

;er saturation o f  plug and donut core samp 
63 

S a  



1 
¶ 

J 

n 
D 
B 



,'$'$ 

G R U Y  FEDERAL, INC.  

The pore water extracted from 

!. 

the plugs and donuts was sent to Teledyne 
Isotope Laboratories for determination- of tritium content. Mud filtrate 
collected during drilling was similarly analyzed. A total of 18 mud fil- 
trate samples were taken to tag the initial mud mixture. Figures 37 and 38 
are plots of Teledyne's results for the plug and donut pore-water samples. 
Generally, the tritium activity of the donut was greater than that of the 
plug; furthermore, the mud filtrate tritium activity was greater than that 
in both plugs and donuts, indicating incomplete mud-filtrate invasion. A 
complete listing of Teledyne's analyses of cores and mud filtrate is pro- 
vided: in Appendix D. 

The low-invasion fluid was tagged with sodium nitrate to allow estimation of 
mud-filtrate invasion. However , since Core Laboratories has had little suc- 
cess with this method, no nitrate analyses were run (see Appendix D). 

. .  

The degree of contamination by mud filtrate was determined from the ratio of 
the tritium activity of the pore water to that of the mud filtrate. Results 
for the donut samples are plotted in Figure 39.  Even though low-invasion 
gel was used, significant amounts of mud filtrate contamination occurred in 
the sixth and seventh zones and lesser amounts in the ninth zone. The ninth 
zone had generally the same permeability and porosity as the sixth and 
seventh zones. 

I .  

The percentage of total invasion was determined from the differences in 
water saturations of the plugs and donuts. The tritium data were then used 
to determine whether the invading fluid was mud filtrate, low-invasion 
fluid, o r  a combination of the two. A s  Table 1 0  shows, invasion was gener- 
ally fairly low and, in most of the samples, contamination was due to low- 
invasion fluid. 

Gas Liberation. The validity of the fluid saturation measurements from 
pressure core analysis can be checked by computing the summation of core 
fluids, the gas-to-oil ratio (GOR),  and the oil formation volume factor. 
All'gas was assumed to have been evolved f r o m  the oil. The corrected oil 
and water volumes were then compared to the total pore volume to determine 
whether all pore fluids had been accounted for. An average of the reservoir 
corrected fluid saturations in Table 11 showed 100 percent of the original 
fluids were obtained. The gas liberation data were used to determine the 
gas-to-oil ratio (scf/STB) for cores recovered with pressure. Figure(s1 4 0  
and 41 are plots of the GOR and the concentration of the nonhydrocarbon gas. 
A low GOR correlated well with low permeability and high mol percentages of 
nitrogen and carbon hioxide in the liberated gas. Low-porosity intervals 
had low GOR's, consistent wi th  the fact I that low-porosity intervals have a 
higher percentage of pore.water and yield a lower volume of extracted oil. 
This small volume of oil is subject to a larger relative error in measure- 
ment than a larger volume of oil extracted from a more porous interval. 

A statistical analysis of the GOR values gave a mean value of 520 scf/STB. 
The average oil volume factor was 1.55 RB/STB. 
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TABLE 10 

il PERCENTAGE INVASION 
TOTAL AND MUD FILTRATE 

u 

J 
I 

1 
1 
1 

Percent 

Depth, ft flushing mud filtrate 
total Percent 

3693 
3700 
3706 
3716 
3722 

3725 
3731 
3806 
3809 

3812 
3817 
4044 
4050 
4051 

3810 

4057 
4060 
4063 
4070 
4073 
4084 
4091 
4095 
4099 
4101 

0 
19 
7 
0 
0 

11 
8 
7 
0 
4 
0 
19 
2 

23 
6 
2 
22 
17 
0 
4 
0 
3 
3 
0 
7 

26 
2 

40 
10 
51 
22 
2 
4 
22 
44 
58 
63 
8 
12 
3 
7 
1 
6 

11 
4 
10 
6 
12 
7 
5 

4107 0 28 
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TABLE ll--Continued (Second Page) 

Oil Sum of 
Oil sat,. at formation Oil sat. at reservoir 
stock-'tank Water Gas-oil volume reservoir oil + water Core 

Depth, ft conditions saturation ratio factor conditions saturation porosity 

3727 
3728 
3728 
3729 
3730 
3730 
3803 
3803 
3804 
3807 
3807 

4 3808 
3809 
3810 
3811 
3812 
3813 
3813 
3815 
3815 

3816 
3817 
3818 
4043 
4043 
4046 
4046 
4047 
4048 
4049 
4050 

F 

0.543 
0.295 
0.228 
0.131 
0.147 
0.104 
0.570 

0.311 
0.299 
0.374 
0.310 

0.226 
0.374 
0.509 
0.498 
0.467 

0.513 

0.288 
0.509 
0.284 
0.255 
0.291 
0.265 
0.247 
0.278 
0.196 
0.142 

0.292 

0.418 

0.496 

0 276 

0.308 
0.683 

0.723 
0.770 
0.806 
0.292 
0.535 

0.524 
0.514 
0.503 

0.579 
0.487 
0.373 
0.350 
0.286 
0.357 
0.403 

0.629 
0.338 

0.628 
0.599 
0.669 
0.599 
0.608 
0.713 
0.737 
0.619 

0 078 

0.504 

0 497 

0.681 

367 
267 
44 0 
784 
641 
775 
471 
835 
785 
840 
602 
451 
672 
102 
537 
469 
427 
424 
472 
380 

36 6 
552 
576 
636 
515 
582 
633 
700 
655 
667 
464 

1.28 
1.85 
1.39 
2.12 
1.57 
1.87 
1.25 
1.60 
1.60 
1.60 
1.30 
1.61 
1.21 
1.87 
1.38 
1.24 
1.31 
1.53 
1.30 
1.17 

1.30 
1.31 
1.13 
1.50 
1.38 
1.25 
1.63 
1.42 
1.47 
1.86 
1.39 

0.70 
0.42 

0.28 
0.23 
0.19 
0.71 
0.47 
0.50 
0.48 
0.49 
0.50 
0.51 
0.42 
0.52 
0.63 
0.65 
0.71 
0.64 
0.82 

0.37 
0.67 
0.32 
0.38 
0.40 
0.31 
0.66 
0.64 
0.28 
0.26 
0.38 

0.32 

1.01 
1.10 
1.10 
1.00 
1.00 
1.00 
1.00 
1.01 
1.00 
1.00 
1 .oo 
1.00 
1.01 
1.00 
1.01 
1.00 
1.00 
1.00 
1.00 
1.22 

1.00 
1.01 
1.00 
1.00 
1.00 
0.91 
1.26 
1.25 
1.00 
1.00 
1.00 

0.027 
0.018 
0.063 
0.082 
0.072 
0.088 
0.087 
0.028 
0.079 
0.085 
0.11 
0.10 
0.046 
0.10 
0.09 
0.08 
0.06 
0.09 
0.055 
0.047 

0.020 
0.052 
0.026 
0.086 
0.10 
0.14 
---- 
0.14 
0.06 
0.06 
0.08 



TABLE ll--Continued (Third Page) 

-a 
N 

Oil Sum of 
Oil sat. at formation Oil sat. at reservoir 
s tock-tan k Water Gas-oil volume reservoir oil + water Core 

Depth, ft conditions saturation ratio factor conditions saturation porosity 

4051 
4052 
4053 
4053 
4054 

4055 
4055 
4056 
4057 
4058 
4059 
4060 
4061 
4067 
4068 
4068 
4069 
4072 
4073 
4074 
4084 
4085 
4086 
4087 
4088 
4089 
4090 
4091 
4092 
4092 

0.146 
0.118 
0.13 
0.08 
0.114 
0.141 
0.140 
0.089 
0.127 
0.076 
0.259 
0.257 
0.274 
0.191 
0.240 
0.160 
0.257 
0.284 

0.242 
0.113 
0.109 
0.172 
0.152 
0.137 

0.240 

0 104 
0.123 
0.085 
0.132 
0.151 

0.737 
0.806 
0.792 
0.783 
0.762 

0.771 
0.735 
0.829 
0.765 
0.783 
0.717 
0.689 
0.689 
0.579 
0.671 
0.672 
0.612 

0.720 
0.639 
0.824 
0.767 
0.687 
0.683 
0.760 
0.813 
0.808 
0.794 
0.761 
0.703 

642 
603 
580 
742 
869 

655 
7 04 
659 
482 
862 

235 
532 
462 
528 
361 
3 59 
364 

460 
493 
711 
863 
764 
95 3 
833 
718 
648 
929 
787 
684 

1.81 
1.65 
1.61 
2.72 
2.09 
2.05 
1 .89 
1.93 
1.86 
2.86 
1.10 
1.22 
1.14 
2.21 
1.37 
2.05 
1.51 

1.17 
1.50 
1.56 
2.14 
1.82 
2.09 
1.76 
1.80 
1.57 
1.43 
1.82 
1.97 

0.26 
0.19 
1.29 
0.22 
0.24 
0.29 
0.26 
0.17 
0.24 
0.22 
0.28 
0.31 
0.31 
0.42 
0.33 
0.33 
0.80 

0.28 
0.36 
0.18 
0.23 
0.31 
0.32 
0.24 
0.19 
0.19 
0.122 
0.24 
0.30 

1.00 
1.00 
2.09 
1.00 
1.00 
1.03 
1.00 
0.999 
1.01 
1.003 
1.00 
1.00 
1 .oo 
1.00 
1.001 
1 .oo 
1.41 

1.00 
1.00 
1 .oo 
1.00 
1.00 
1 .oo 
1.00 
1.00 
1 .oo 
0.904 
1.00 
1 .oo 

0.08 
0.10 
0.12 
0.125 
0.07 
0.07 

0.3 
0.3 
0.09 
0.05 
0.04 
0.02 
0.05 
0.03 
0.04 
0.11 

0.94 
0.82 
0.129 
0.133 
0.134 
0.110 
0.119 
0.125 
0.119 
0.110 
0.109 
0.121 



TABLE 11--Continued (Fourth Page) 

"I - 
? -  

Oil Sum of 
Oil sat. at formation Oil sat. at reservoir 
stock-tank Water Gas-oil volume reservoir oil + water Core 

Depth, ft conditions saturation ratio factor conditions saturation porosity 

4093 0.121 
4093 0.117 0.739 680 2.16 0.26 1.00 0.106 
4094 0.158 0.727 767 1.73 0.27 0.997 0.109 
4095 0.188 0.729 54 6 1.45 0.27 0.999 0.112 
4097 0.232 0.668 638 1.47 0.34 1.008 0.125 

4098 0.184 0.713 702 1.56 0.29 1.003 0.088 
4100 0.341 0.568 532 1.27 0.43 
4101 0.18 0.544 964 2.54 0.46 1.004 0.088 
4102 0.26 0.673 623 1.26 0.33 1.003 0.068 
4103 0 . 246 0.653 650 1.42 0.35 1.003 0.09 

4104 0.203 0.645 615 1.75 0.36 1.005 0.055 
4105 0.127 0.762 606 1.88 0.24 1.002 0.064 
4106 0.150 0.783 430 1.45 0.22 1.003 0.078 
4106 0.158 0.696 713 1.93 0.30 0.996 0.113 
4107 0.264 0.574 662 1.63 0.43 1.004 0.118 

0.09 0.998 
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Electrical Resistivity Core Analysis. Special core analysis was performed 
by Core Laboratories to determine the formation resistivity factors and 
saturation exponents for selected rock samples. Hydrocarbons present were 
extracted using toluene, any salts present were leached w i t h  methyl alcohol, 
and the sample was then dried. Samples used for formation resistivity 
measurements were evacuated and then pressure saturated with a brine con- 
taining 16 ,000  ppm sodium chloride to which calcium sulfate had been added 
to inhibit possible mineral dissolution. The report submitted by Core Lab- 
oratories is included as Appendix D. 

Measurements from these studies were obtained to provide empirical data for 
evaluation of unknowns 8, - m ,  and - n in the basic log analysis equations: 

and Ro = FOR,, 

where F = a/(0,Im, 
S ,  = w a t e r  saturation (fraction), 

RO = resistivity of water zone at 100% S,, 
Rt = t rue resistivity of zone being evaluated, 

Rw = resistivity of formation water, 

0, = porosity, 
and m = cementation exponent. 

'The tortuosity constant 8 and the cementation exponent m - are interrelated as 

7 n = saturation exponent, 

F = formation factor, 

a = tortuosity constant, 

log F = a - m log Be, 

where a can be determined when log F = 0 and where m - is defined as the slope 
of the %ne; a and m may be determined graphically. The results for MCA 358 
samples areshown7n Figure(s) 42 and 43. An a value of 1.00 appears justi- 
fied from the fit of the line for sandstone samples and dolomite samples 
(Fig(s1. 42 and 43, respectively). The slope m of the line for sandstone 
samples (Fig. 42) was 1 . 6 8 ,  while that for dolomite samples (Fig. 43) was 
1.93. 

The saturation exponent was similarly determined as 

log (RO/Rt)  = n log Sw, 

by plotting resistivity index measurements against brine saturation. The 
slope of the line shown in Figure 44 establishes a composite n value of 1.57 
for sandstone samples whose individual n's ranged from 1.53-to 1 .74 .  The 
slope of the line shown in Figure 45 esta'blishes a composite n value 'of 2.06 
for dolomite samples whose individual n's ranged from 1.78 toi .62.  Results 
of determinations of - n for individual samples are given in Appendix D. 
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G R U Y  FEDERAL, I N C .  

Values for the cementation and saturation exponents were fairly consistent 
wi th  those found in the literature.12 The generally accepted value of n 
for dolomite is 2.0; it can be decreased by a partial sand matrix o r  in- 
creased by  oil-wetting. Core samples 4 ,  5 ,  and 6 ,  having - n values of 2 . 3 ,  
2.62,  and 2.60, respectively, could be oil-wet dolomites, while samples 9 
and 1 0  (n = 1.83 and 1.78, respectively), could be sandy dolomites. Sand- 
stone h a s a  generally accepted value of 2.0 for n. All samples from MCA 358 
had n,values less than 2. The value of n may be lowered by non-compaction 
or  a-partial shale matrix. Core Labora'tories reported that samples were 
moderately indurated and very fine grained; analysis of the gamma-ray log 
showed an estimated 20 to 30 percent shale content for the depths at which 
these samples were taken. The data indicate that low n values could result 
from the sand's being moderately compacted and slighgy dirty. Addition- 
ally, the method of measurement necessarily alters the wettability of the 
reservoir rock, introducing some uncertainty. 13 

I 
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GEOLOGY 

Geologic cross-sections were made using the wells and cross-section lines 
shown on Figure 46. The cross-sections, Figure(s) 47 and 48, show the 
formations dip gently to the southeast. The Grayburg 6th Zone and the San 
Andres Upper 7th Zone thicken away from MCA No. 358 in both cross-section 
lines while the 7th Zone thins away from MCA No. 358. 

PETROPHYSICAL DATA AND LOG ANALYSIS 

The method used to determine the effective porosity and water saturation in 
the San Andres formation from logs is presented below. 

The San Andres has a complex lithology of limestone, dolomite, anhydrite, 
shale, and other deposited minerals. To solve for four different mineral 
compositions three porosity devices and a shale indicator are required. 
However, in carbonate reservoirs direct solutions for shale volume and min- 
eral composition- are not widely accepted. This log analysis method uses the 
responses of the density, sonic, and neutron logs to evaluate the effective 
porosity of the formation. The resistivity log is then used to determine 
water saturations based on effective porosity. The analysis assumes fluid 
densities in the range of the density of water, a nonlinear neutron porosity 
response, and a pseudo anhydrite-dolomite content. These assumptions will 
be presented in more detail after a discussion of the basic and generally 
accepted log analysis equations. 

The basic bulk density-porosity relation is given in Equation 1, which is 
simply a material balance on a given unit volume of formation: 

where b = bulk density (gm/CC), 

0, = effective porosity (decimal fraction), 

= volume of shale (decimal fraction), 'sh 
p ma = apparent matrix density (gm/cc), 

p f = fluid density (gm/cc>, 
P sh = shale density (gmlcc). and 

c 
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G R U Y  FEDERAL, INC.  

The basic relation for the sonic log is given by Equation 2, an empirical 
relation known as the Wyllie time-share formula: 

where A tb = bulk travel t ime  (II sec/ft) ,  

0, = effective porosity (decimal fraction), 

VSh = volume of shale (decimal fraction), 

= apparent matrix travel t ime  (11 sec/ft) ,  A t  ma 
A t f  = fluid travel time (p sec/ft), 

and A t s h  = shale travel time ( ~ ~ s e c / f t ) .  

For most porosity ranges, porosity can be determined from the neutron log, 
using Equation 3 :  

where 8N2 = final neutron porosity, 
ONsd = neutron porosity in sandstone, 

Hma2 = final hydrogen index of the matrix, 
Hf = final hydrogen index of the fluid, 

volume of shale (decimal fraction), 
v = neutron deviation function, 

vsh = 
and 0Nsh = neutron shale porosity. 

This equation was specially developed to obtain lithology corrections. The 
correction assumes an initial hydrogen index of one for the fluid. A more 
detailed explanation of this correction cannot be released at this time; 
however, the same corrections can be made using the Schlumberger charts for 
neutron lithology corrections 
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\ 

Y 

To arrive at  effective porosity corrected for shale and lithology, a series 
of cross-plotting techniques was applied (Figure(s1 49 through 54) .  With 
the aid of core analysis the maximum and minimum effective porosities were 
determined. The raw data were then normalized and cross-plotted to agree 
w i t h  the known porosity limitations. In effect, this normalization proce- 
dure corrects the data for shale and lithology. The shift and sensitivity 
corrections for the three porosity devices are: 

lli 
7 
id 

1 
Density : p b N  = 0.740 obiog + 0.640 (4 )  

Neutron : = 0.980 $Nlog - 0.007 3 ( 6 )  

a 

3 

Once normalized , the data were then cross-plotted on the density-neutron 
and density-sonic Schlumberger interpretation charts. The apparent t rue 
porosity was taken from each chart and averaged to arrive at the effective 
porosity. Statistical comparisons of the two apparent true porosities 
showed an average deviation of less than one porosity unit. It should be 
noted , however , that the actual normalization constants shown above are 
site-specific; therefore the normalization constants must be determined for 
each site before analysis. Having arrived at  a value for effective poros- 
i ty,  it is possible to compute an indexed volume of shale. If the apparent 
matrix density is assumed, Equation 1 can be used to determine the approxi- 
mate volume of shale. This approximate volume can then be used to compute 
the most probable volume of shale. 
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F i  gure 53.--Soni c-neutron cross p l o t ,  zone 7, cores 7-9. 
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The indexing procedure for the MCA No. 358 assumes a pseudo-dolomite matrix 
w i t h  shale volumes ranging from zero to 30 percent. 

Water saturations can be computed from the resistivity index: 

where S, = water saturation (fraction), 
n = saturation exponent, 

Ro 

Kt  

= resistivity of water zone at 100% water saturation (ohm-m), 
= true resistivity of zone being evaluated (ohm-m), as taken and 

from the log. 

KO may be estimated for any core using the equation: 

Ro = FR,, 

where F = 

a = constant, 
0 = porosity (fraction), 

Rw = resistivity of formation water, 
and in = cementation factor. 

Combining Equations 7 and 8 yields the general expression for water 
saturation calculations : 

Given core water saturation, core porosity, and resistivity from the log, 
the values for Ebs z, E, and n cam Be determined. Conocols analysis of 
water produced dtrPing swab tess gave R, values for the sixth and ninth 

After obtaining these 
valu-es it was necessary to determine the remaining unknown parameters (8, m, 
and 2). 

--,zones of 0.165 ohm-m and 0.35 ohm-m, respectively. -- 

I t  is generally acceptedl4 that a = 1 for carbonate reservoirs. The 
values of m and n must be determined. For consolidated and reef carbonates 
the value Gf E can range from 2.2 to 2.4.  The exponent n for most forma- 
tions is assumed equal to 2 ;  for oil-wet formations 2 may be as high as 4.  
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A s  a first aDDroximation. the value of n was taken to be 2 and the value of * A  

- m was determined. It can be shown t h a t  a log-log plot of (SWlnRt ver- 
sus porosity has an intercept of (aRw) and a slope of m. The core water 
saturation, core porosity, and log resistivity are plotted in Figure 55 for 
the First Porosity zone. This plot has a linear-regression fit wi th  a slope 
of 2.2. The same technique was used for the Main Pay data shown in Figure 
56, which has a Linear-regression fit with a slope of 2.4. These values of 
m for the First Porosity and Main Pay agree well with values found in the 
Eerature .  

A final cross-plotting technique was applied to approximate the value of - n. 
Equating the cementation factor - m and the saturation exponent - n,  

It can be seen from Equation 1 0  that a log-log plot of (OSw) versus R t  
has an intercept of (aRw) and a slope of - n. Cross-plots of the core bulk 
water (OSw) versus log resistivity R t  indicated that the cementation 
factor - m and the saturation exponent n could be equated and determined by 
regression. This technique resulted iz a saturation exponent of 2.2 for the 
First Porosity zone and a value of 2.2 for the Main Pay. Figure 57 shows 
graphically the solution for the Main Pay. The final equations derived 
using core water saturation, core porosity, and log resistivity are given 
below ( E q ( s ) .  11 and 1 2 ) .  Equation 11 was used for First Porosity zone 
computations and Equation 1 2  for Main Pay computations. 

S W 2 * 2  = 0.165/(0e2*2Rt). (12)  

The flow chart shown in Figure 58 gives the procedure used in the log analy- 
sis. 
in Figure(s1 59 and 60, along with the core data for comparison. 

The computed effective porosities and water saturations are presented 

Core porosity data agree well with computed log values, while water satura- 
tion core data and computed log data agree fairly well from 3,692 to 3,712 
feet, poorly from 3,712 to 3,820 feet, and in a general way from 4,035 to 
4,107 feet. Computer-log analysis techniques incorporating the a, m ,  and n 
values obtained from Core Laboratories did not agree as well as  the-analysi; 
results shown in Figure(s1 58 and 59. 
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PRODUCTION TEST DATA 

Production Data by Intervals 

Production testing, supervised by Conoco, began in Rlarch 1980 and was com- 
pleted the following October. Two intervals were separately swab-tested by 
selectively setting bridge-plug and packer combinations. The intervals 
were tested sequentially from deepest to shallowest, with results as 
follows : 

Interval, ft  Swab test results 

4,022-4,055 Rec. trace oil, 68 bbl fluid 
at rate of 10-12 bbl/hr 

3,682-3,718 Swab tested water only 

The t-est intervals are shown on the plots of depth versus pressure core 
analysis-data (Fig(s). 61 and 62). The interval 4,022-4,055 ft is the main 
pay of the San Andres in the Maljamar field. Following swab-testing, both 
intervals were placed on production pump test. Average results from the 
last 72  hours of production testing w e r e :  

Interval, ft Production test results 

4,022-4,055 
3,682-3,718 

7 BOPD, 332 BWPD, 5 McflD gas 
Trace oil, 130 BWPD, TSTM gas. 

Fluid Production from Computed Log Data 

A plot of porosity versus water saturation can aid in determining the type 
of fluid expected to be produced. High volumes of bulk water (BeSW> 
are associated with water production, whereas low volumes are indicative of 
hydrocarbon production. Figure 63 is a plot of computed porosity versus 
computed water saturation. Since the product of porosity and water satura- 
tion is approximately constant for a homogeneous formation at irreducible 
water saturation then a hyperbolic curve for constant bulk water (8Sw = 
constant) illustrates the expected production trends. Points falling above 
the curve should produce water; points falling below it should produce hy- 
drocarbons. Average bulk water for both zones in the MCA 358 (Zone 9 = 

with this; both zones produced traces to small amounts of hydrocarbons. 

Figure 64 is a plot of average computed porosity versus average computed 
water saturation. 
ity times 50 percent water saturation for each zone (average weighted bulk 

- water saturation). Production trends for each zone are indicated by the 
distance above the lines for the respective zones. Production potential is 
inversely proportional to the height of a point above its respective line. 
Zone 6, which produced no hydrocarbons, has an average water saturation 12 
percent above that predicted by its hyperbola, while Zone 9 ,  which produced 
seven BOPD, has an average water saturation seven percent above that pre- 
dicted by its hyperbola. 

I 0.057, Zone 6 = 0.049) is quite high. Production test data are consistent 

The hyperbolas shown are plots of average weighted poros- 

102 

0 

E 



? 

J 
ii 
II 
J 

7 

3 
7 

7 

3 
7 

3 
3 

? 

Conoco MCA #358 
Maljamar F i e l d ,  Texas 
San Andres Formation 

Yater saturatlon Porosity. (core) - 1  
I I ore space &L 6. 

CWt 
R L O V I E  - ETAINLD e28 
NON-mESLWfD aeP 

& CORE ANALYSIS IESULTS: WATER WURATlohl AND POROSITY 

Figure 61.--Comparison o f  production tes t  results and core ana lys i s  data.  

103 



IWAIBEO 

u2 I W W  
b "F'PO 

9 
E 
8 a 
0 
a Y 

z 

022 - 

Figure 6Z.--Cornparison of production tes t  results and core ana lys i s  data.  

104 

P 



s 

Z 
0 
a 
2 a 

c 
Qc 

v) 

Qc 
w 
I- s 

1oc 

BC 

60 

.. . 

40 

20 

Conoco MCA #358 
Maljamar F i e l d ,  Texas 

1 
0 

a 

0 

0 0 

0 6 
0 

0 
0 "  0 

0- 

0 
0 

0 

0 12 16 A 

COMPUTED POROSITY 'Ye 

1 

LEGEND 

4 0 2 2 ' -  5 5 '  

o 3 6 8 2 ' -  3718' 

.05 - 

.o 3 

Figure 63.--Computed porosity versus computed water saturation. 

1u5 

24 I 
d 



80 ~ 

70 

' 40 

f 
d 
a 

2 n 

t u :  
3 
c a 

z 
.I W z 41 

)1 

2 

1 

Conoco MCA #358 
Maljamar Field, Texas 
San Andres Formation 

100 

. 9 0 1  

Figure 64.--Average computed porosity versus average water saturation. 

106 

D 
D 

i 
E 

i 
I 
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SUMMARY OF CORE, LOG AND PRODUCTION DATA ANALYSIS 

3 Production Test Data 

Zone 9 (4,022 to 4,055 ft) .  This interval swab-tested 68 bbl fluid with a 
trace of oil a t  a rate of 10 to 12 bbl/hr. 

Zone 6 (3,682 to 3,718 ft). This interval swab-tested water only. 1 

3 
3 
3 ., 

3 

Residual Oil Saturation from Core Data 

The zone-by-zone production test data suggest both zones are near residual 
oil saturation. To aid in the determination of the residual oil saturation, 
the stock tank oil saturation produced by pressure depletion was plotted 
against the total stock tank oil saturation (Figure 65). The core data were 
plotted only for the perforated intervals. Conventional cores would have 
plotted at zero stock tank oil saturation produced by pressure depletion, 
represented by the dashed line. Neither zone shows appreciable amounts of 
oil available for pressure depletion, which is consistent with production 
tests. 

The stock tank oil produced by pressure depletion is also referred to as 
"blowdown" oil. The percent blowdown oil versus water saturation is plotted 
in Figure 66 for both perforated zones. A definite trend exists between 
blowdown percent and water saturation. A s  the percent of blowdown oil 
decreases, the water saturation increases until the percent of blowdown oil 
reaches zero. At that point, residual water saturation after waterflood may 
be determined as So, = (1 - Swr). Analysis of the Main Pay defined 
an average blowdown of 5.1 percent. Using the trend line in Figure 51, 
residual water saturation after waterflood. is estimated at 76 percent. The 
5.1 percent average blowdown value and 64 percent water saturation is very 
close to calculated residual waterflood conditions, which is consistent with 
production test results. 

The following table summarizes the estimates of residual water and oil satu- 
rations for the two zones, as determined from core data. 

II 

J 
Residual 

saturation, % 
Zone DeDth. f t  water oil 

9th 4,044-4,055 64 36 
6th 3,692-3,718 65 35 
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SUMMARY AND CONCLUSIONS 3 
.J 
1 

1 
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I 
3 

Field operations for pressure coring in the MCA No. 358 required some 8-1/2  
days, during which 18 pressure core barrel runs were made. Eighteen cores 
amounting in all to 144 feet of Grayburg and San Andres formations were 
recovered in the intervals from 3,692 to 3,740 feet, 3,803 to 3,827 feet, 
and 4,035 to 4,108 feet. To conduct pressure coring operations, hole sta- 
bility considerations required that the well design provide for 10-3/4-inch 
casing set and cemented in the Grayburg a t  3650 feet. No operational diffi- 
culties due to pressure coring were experienced. 

Of the 18 core-barrel runs that recovered core material, 14 recovered cores 
under pressure, a 78 percent success ratio. Failure to obtain pressured 
cores in the remaining runs was attributed to the core blocking the ball 
valve in three cases and to malfunction of the ball valve in one case. In 
one instance the ball valve was blocked by a core almost a foot longer than 
the 8-foot l imi t .  This emphasizes the need for careful kelly and pipe meas- 
urements during on-bottom coring operations. 

Evaluation of the well through use of pressure cores, wireline logs, and 
production testing was fairly consistent. Core and log analysis for the 
tested intervals indicated high water saturations wi th  little or no mobile 
oil in both zones. The well was completed and production test data indi- 
cated only small amounts of produced oil, as  has been tabulated in the pre- 
vious section. These data are consistent wi th  log and core analyses and in- 
dicate that waterflood is largely complete in the Sixth and Ninth zones. 

Pressure cores were taken in these zones to assess the amount of immobile 
(to water) oil saturation and the potential of C 0 2  displacement for recov- 
ering the oil present. Figure(s) 67 and 68 are plots of bulk residual oil 
saturation (SOr*0) versus depth opposite a plot of m a x i m u m  horizon- 
tal permeability versus depth. A s  bulk oil saturation is proportional to 
the residual oil saturation per acre-foot by a factor of 7,758 B/AF,  the 
plot of bulk oil saturation may be used to delineate zones with the best po- 
tential for carbon dioxide flooding. The intervals 3,692 to 3 ,718 ,  3 ,803  to 
3 ,820 ,  and 4 ,035  to 4,055 feet are zones more than 1 0  feet thick having bulk 
oil saturations well above the mean. The interval 3,803-3,820 feet presents 
a smaller target than indicated by bulk oil saturation alone, since permea- 
bilities less than 5 md effectively reduce the interval to five feet (3 ,807  
to 3 ,813  feet). The remaining intervals (3 ,692  to 3,718 and 4 ,035  to 4 ,055  
feet) have permeabilities high enough to permit production from the entire 
interval. Results of oil-in-place calculations for-these zones' using core 
data are: 

Depth, f t  Interval Current oil in place 

4035-4055 Ninth zone 259 STB/acre-ft 
3692-3718 Sixth zone 150 STB/acre-ft 

If a residual oil saturation to carbon dioxide flooding of 10 percent is 
assumed, Zones 9 and 6 contain "target" oil for carbon dioxide flooding 
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averaging 233 and 135 stock tank barrels per acre-foot, respectively. 
Additional residual oil is seen from 4,067 to 4,775 foot and from 4,084 to 
4,108 feet. Residual oil saturation at present is calculated for these 
intervals as an average 131 STB/acre-foot. If residual oil saturation to 
carbon dioxide flooding of 1 0  percent is assumed, these intervals would add 
additional target oil for C02 flooding averaging 118 B/AF. 

Standard log analysis did not provide accurate oil saturation data because 
of variable lithologies, Rw%, oil saturation, and wettability of the 
reservoir rocks. A foot-by-foot analysis and adjustment of these variables 
might improve calculated oil saturations, if collection of accurate values 
for the variables were practical. Substitution of Core Laboratories' ex- 
perimentally derived values of a ,  m, and n for specific samples did not 
cause calculated water saturations (and hence residual oil saturations) to 
approach saturation values determined by direct measurement. Hence pres- 
sure coring provided data for evaluating residual oil saturation not ob- 
tainable by the other means used in this project. 

Pressure coring offers a straightforward method of evaluating reservoirs 
for enhanced oil recovery projects. N o t  only does it provide the means of 
determining residual oil saturation, but it also provides the means for 
determining permeability and zone isolation, which are also important fac- 
tors in evaluating a reservoir for tertiary recovery. Pressure coring is a 
valuable complement to drilling, logging, and production data, useful to 
the engineer for determining realistic values for carbon dioxide project 
potential . 
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G R U Y  FEDERAL, I N C .  

ENCLOSURE I - 1 

1.0 OBJECTIVE 

APPENDIX A 

"TARGET RESERVOIRS FOR 
CARBON DIOXIDE MISCIBLE FLOODING" 

D 
Contract No. DE- A C 2 1 - 7 9MC 0 8 3 4 1 

APPENDIX A 
STATEMENT OF WORK 

2.0 SCOPE OF WORK 

R 

1.1 The objective is to build a solid engineering foundation upon which 
field mini- and pilot tests may be conducted in both high and low oil 
saturation carbonate reservoirs for the purpose of extending the tech- 
nology base in carbon dioxide miscible flooding. 

2.1 Summary of Available COa field Test Data 

2.2 

Data wil l  be collected, categorized and interpreted from all signifi- 
cant past and on-going C 0 2  field operations in order to evaluate the 
relative success of each test. This information will include oil 
gravity, reservoir pressure, depth, temperature, porosity, permeabil- 
ity, and net/gross pay. Also, these data must include pattern size, 
estimated incremental oil production due to COS injection, C 0 2  

concentration and slug size, C 0 2  injection rates and sequencing, 
CO2 breakthrough and production rates, and any indications of forma- 
tion damage or corrosion. 

Summary of Existing Reservoir and Geological Data 

The following reservoir geology will be determined on carbonate reser- 
voirs located in west Texas, southeast New Mexico, and the Rocky Moun- 
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G R U Y  FEDERAL, I N C .  
ENCLOSURE I- 1- -Continued 

tain states: stratigraphy, structure, mineralogy, porosity, permea- 
bility, gross and net thickness, and any other geological properties 
deemed significant regarding C 0 2  injection. Reservoir data will be 
collected on hydrocarbon content, composition and distribution ; con- 
nate water content and composition; pressure and production data from 
primary and/or secondary recovery operations; PVT analysis; and well 
test data and analysis. Guidelines for selecting reservoirs to be 
included are as follows: 

In addition, no extremely high-permeability , stratigraphic, thief 
zones should exist. However, no consideration should be given to the 
proximity of C 0 2  sources at this point. The objective here is to 
"characterize the resource" for possible future COP injection. 

2.3 

2.4 

Selection of Target Reservoirs 

By analyzing available reservoir and geological data, and comparing 
the results of various C 0 2  field tests, a priority list will be 
developed based primarily on potential incremental oil recovery and 
the projected CO2 requirements and availability. C 0 2  requirements 
can be based on estimates from data collecteds in Task 1 and C 0 2  

supply data can be obtained from existing public documents on the sub- 
ject (e.g. "The Supply of Carbon Dioxide for Enhanced Oil Recovery: 
by Pullman Kellogg, September, 1977). 

I >  

Selection of Specific Reservoirs for Cog Injection Tests 

A selection will  be made from the priority list based on demonstrating 
the technology in those reservoirs with the greatest potential 

115 



G R U Y  FEDERAL, INC. 
ENCLOSURE I- 1- -Continued 

influence toward stimulating new projects capable of meeting the 1985 

incremental oil production of 124,000 barrels per day stated in the 
Technical Implementation Plan for reservoirs in these target areas. 
For the reservoirs selected, the owners and operators will be identi- 
fied. Also, company officials who have the authority or influence to 
bring about commercialization of C 0 2  recovery processes will be con- 
tacted. This is absolutely necessary since it is these companies 
which must eventually initiate and carry out commerical demonstrations 
of C 0 2  injection if the full potential of the target reservoirs is 

realized 

2.5 Selection of Specific Sites for Test Wells (Carbonate Reservoirs) 

Using all useful available knowledge from previous C 0 2  field tests, 
reservoir and geological compilations, conventional production data, 
PVT analysis, log analysis, core analysis and well test analysis, 
specific sites will be selected for drilling test wells for further 
delineation and substantiation of the reservoir properties prior to 
conducting Cog injection tests. These sites must be in the Rocky 
Mountain and west Texas-southeast New Mexico areas. A minimum of 
eight and a maximum of twelve sites are to be selected. 

2.6 Drilling and Coring Activities 

Depending on the availability of data at each site selected, test 
wells will be drilled, cored, logged, tested and analyzed to confirm 
initial oil saturation parameters and to design mini-test C 0 2  injec- 
tion programs. I t  is expected that one test well wil l  be drilled at 
each site selected. However, the exact number and location of wells 
to be drilled will be negotiated to be consistent with the amount of 
additional engineering and geological information required, drilling 

costs in the area at the time of execution, and any other economic and 
engineering factors that may arise. 
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2500 TANGLEWILDE. SUITE 150 
HOUSTON. TEXAS 77063 
713/785-9200 

G R U Y  FEDERAL, INC.  
CONSULTANTS IN ENERGY SYSTEMS 

July 11, 1979 
2001 JEFFERSON DAVIS Hw.. SUITE 701 

ARLINGTON, VIRGINIA 22202 
703/892-2700 

Mr. F. E. Ellis 
Vice President North American Operations 
Conoco, Inc. 
P. 0. Box 2197 
Houston , Texas 77001 

Dear Mr. Ellis: 

Gruy Federal, Inc. ("Gruy'l) i s  party to  a contract w i t h  the United States 
Department of  Energy ("DOE") under which  Gruy will manage a program to  locate t e s t  
s i tes  having Enhanced O i l  Recovery ( E O R )  potential i n  carbonate reservoirs i n  the 
Rocky Mountain and West Texas - Southeast New Mexico areas. The program will pro- 
v i d e  financial support for  coring, logging and tes t ing selected wells dr i l led on 
the ident i f ied and approved si tes t o  evaluate the COz f lood ing  potential for possi- 
ble p i l o t  o r  ful l -scale  projects. The program envisions t a k i n g  cores through the 
reservoir intervals thought t o  have secondary o r  t e r t t a ry  carbon dioxide flooding 
potential. The cores will be cut us ing  a core barrel tha t  will retain the cores 
under pressure for  subsequent analysis i n  order t o  obtain a more direct  measure of 
in-situ o i l  and water saturations as well as porosity and permeability for compari- 
son w i t h  data obtained from a comprehensive suite of wire-line logs. 

wells t o  or t h r o u g h  reservoirs thought t o  have C02 flooding potential. 
would  be u t i l i zed  t o  carry out t he  proposed coring and logging program. 

arately contract and pay for a l l  coring, core analysis, and logging services and 
a l so  cont rac t  t o  pay d i r ec t ly  fo r  r i g  time, mud services, and a l l  other  re la ted  
costs during the coring and logging  operations. Gruy will provide a prognosis of  
the work to  be done b u t  ultimate control of a l l  operations would remain w i t h  you. 

Gruy is seeking operators who plan, for the i r  own purposes, t o  drill in f i l l  
These wells 

For chosen and agreed upon well s i t e s ,  subject t o  DOE approval, Gruy will sep- 

I f ,  f o r  your purposes, the well i s  t o  be completed i n  the target reservoir, 
Gruy would propose t o  conduct o r  monitor production tests.  i n  order t o  obtain fur- 
ther  data on the CO2 flooding potential. During the period of those tests, Gruy 
would contract d i rec t ly  fo r  workover rig services and any perforating, stimulation, 
and equipment  services needed to  obtain satisfactory tes t  data. Design of these 
t e s t s  would be done by Gruy based on data from core and log analysis, and would be 
subject t o  your approval and control f o r  execution. 

In return for ,  and as an incentive t o  you for  this  use by Gruy of the opera- 
t o r ' s  well, Gruy will  provide timely copies of a l l  logs, core analysis, and other 
data obtained. 
t o  the DOE i n  formal reports tha t  a lso will be supplied t o  you. 

Gruy's interpretation of these data will ultimately be reported 
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GRUY FEDERAL, INC. 
Mr. F. E. El l i s  
Page two 
July 11, 1979 

Gruy w i l l  have no in te res t  i n  the we1 , i n  the leases o r  i n  any production 
therefrom. 
f looding  now o r  i n  the future. 

You are  under no obligation t o  e i ther  Gruy o r  DOE to  consider C02 

Upon selection by Gruy, and approval by the DOE, Gruy will provide experienced 
engineering and d r i l l i n g  personnel t o  work with your technical or operating s ta f f  
i n  both the planning and execution phases. Gruy will designate the coring p o i n t  - 1  
and select  the coring and logging service companies to  be used on the project. 
companies w i l l  be approved by you. You will be under no obligation other than 'to 
make a good f a i th  e f fo r t  t o  carry out the designated coring and logg ing  program i n  
accordance with established o i l  f i e ld  procedures and a plan provided by Gruy. 1 

The Gruy Companies have been i n  the energy consulting business since 1950. 
Professional services rendered i n  the private sector and fo r  governmental agencies 
range from energy related research and planning t o  estimating 'reserves and fore- 
casting future production. Gruy also evaluates dr i l l ing  prospect plans from the 
exploration phase t h r o u g h  f i n a l  development. 
and operates f i e l d s  for  i t s  cl ients .  

Such 

In a management capacity, i t  dril ls  

Gruy will s tand  between you and the DOE and be responsible for any and a l l  
contacts and communications w i t h  the DOE. 

Attached t o  this le t te r ,  as E x h i b i t  A, is  a brief summary of the "Target 
Reservoirs for Carbon Dioxide Flooding" project ,  which out1 ines the proposed pro- 
gram. 
ing more economically viable for application by private industry. 
the program, you will receive data tha t  perhaps may allow you t o  benefit i n  your 
own operations and planning. 

If your company i s  interested i n  participating i n  this- program, we can meet 
with your s t a f f  t o  discuss de ta i l s  a s  needed. 

An objective of the program i s  t o  f i n d  ways of making carbon dioxide flood- 
In ass is t ing with 

Very t ru ly  yours, 

R &PJ- chaf-J. obson 
V i  ce .%esi dent , Opera t i ons 

RJD:cas 
Attachment 

cc: Mr. John H. Goodrich 
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GRUY FEDERAL, INC. 

GXLL USE/OPERATOR AGREEMENT 

d 

COf\'OCO, INC. 

CONTRACT NO. 27-109 

T h i s  Contract i s  made a n d  entered i n t o  effect ive the 1 4 t h  day of January 1980, 
between GRUY FEDERAL, INC., 2500 Tanglewilde, Suite 150, Houston, Texas 77063, 
hereinafter cal led " G R U Y " ,  a n d  CONOCO, INC., 5 Greenway Plaza East, Houston, Texas 
77046, hereinafter ca l l  ed "CONOCO" . 

In consideration o f  the m u t u a l  promises hereinafter contained, both  parties 
agree t h a t  this 'Contract will be performed i n  accordance w i t h  the following 
condi t i  ons : 

I. SCOPE OF WORK 

GRUY i s ' a  party t o  a Contract, No. DE-AC21-79MC08341 , w i t h  the United States 
Department of Energy, t o  pressure core, l o g ,  and evaluate wells, a t  various s i t e s ,  
having potential for CD f'looding and  enhanced o i l  recovery. As CONOCO is d r i l l i ng  
a well, MCA U n i t  No. 356 located 660' FEL and  2600' FWL o f  Sec. 20, 1-175, R-32E, 
Maljamar Field, Lea County, New Mexico which exhibits such a potential ,  CONOCO agrees 
t o  cooperate w i t h  GRUY i n  the d r i l l i ng ,  pressure coring, l o g g i n g  and evaluation o f  
said well. CONOCO s h a l l  remain the "OPERATOR", and  have sole control, direction, and 
responsibil i ty d u r i n g  the required operations. 
engineers, d r i l l i n g  supervisors and geologists on s i te  t o  observe and  t o  consult w i t h  
CONOCO on the various operations, t o  concur on the coring poi.nt; and GRUY shall select ,  
contract, and pay for the pressure coring services , radioactive t racer  services and 
other required services and  materials d u r i n g  the coring and l o g g i n g  operations 

GRUY s h a l l  have the r i g h t  t o  have 

--..--- . . . .  . . I .... - , .  .- . . - .  . 
CUNOCO agrees t o  s t a r t  tne actual a r i l  r i n g  OT tne weir, on o r  aDout 1 4  January 

1980, and  thereaf te r  t o  continue d r i l l i n g  of said well w i t h  due diligence, dispatch 
and i n  a workmanlike manner i n  accordance w i t h  the below: 

A. 

B. 

C. 

D. 

E. 

F. 

G. 

H. 

t 

Drill a 20" hole t o  750', s e t  16" surface' casing and cement t o  surface.  

Drill a 14-3/4" hole t o  3650', run  open hole logs up t o  base o f  s a l t ,  s e t  
10-3/4" production casing and cement t o  surface. 

Selection of pressure coring in te rva ls ;  ream hole t o  8-3/4", log  open hole ,  
and s e t  a 7-5/8" l i ne r  from 3600' t o  4150'. 

Act as Operator and provide supervision t o  accomplish the l o g g i n g  and corini 
programs as  established by GRUY. 

Consult w i t h  G R U Y  on all-  s ignif icant  operations. 

Carry out the coring and logging'programs as concurred w i t h  G R U Y ,  i n  
accordance w i t h  established o i l f i e l  d procedures. 

Cease operation, for GRUY account, when advised by GRUY i n  w r i t i n g .  

Provide G R U Y  w i t h  the resu l t s  of CONOCO's production and pressure transient 
tes t ing.  . 
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CONOCO, I N C  . 
Page t w o  of three 

n I .  Provide l i v i n g  and o f f i ce  space for two (2) GRUY employees. U 
I I. CONS1 DERATION 

A. SCHEDULE 

In consideration for the above, and t o  reimburse CONOCO f o r  the additional 
cos t  of t h e  well, above those planned under i t ' s  or iginal  well p l z n ,  GRUY 
will pay CONOCO i n  accordance w i t h  t h e  estimated schedule set for th  below, 
however, a l l  cos t s  must be documented (copies of invoices, d r i l l i n g  time 
curve, etc.):  

(a) Additional rig costs - 15 days @ $4100./day 

(b) Additior,al mud costs 

( c )  Additional cementing costs  

(d) Special d r i l l i n g  tool ren ta l  costs . 

(e )  

( f )  Additional casing costs 

(9) 

(h) Additional taxes ,  federal ,  state & local 

p l u s  2 days @ $900./day. 

Additional 1 oggi ng  cos ts  

i 

Addi t iona l  footage dr i  11 i ng cost 

TOTAL ESTIMATED COSTS 

$ 63,300. 

20,000. 

17,000. 

25,000. 

72,000. 

70,050. 

2,750. 

9,400. 

f 219,500. 

B. FUNDING LIMITATION 

CONOCO s h a l l  not incur ,  for G R U Y ' s  account, expenditures i n  excess o f  
$219,500. w i t h o u t  prior approval of GRUY and Modification of this Contract. 

111. OTHER P2OVISIONS r 
A. 

0 
I NSURAHCE 

1. CONOCO sha l l  maintain insurance, by r e l i a b l e  and responsible 
insurance companies licensed t o  do business i n  the S ta t e  of  New k x i c o ,  
i n  t h e  amount as se t  f o r t h  i n  G R U Y ' s  General Provisions, or a t  i t s  
option, CONOCO agrees t o  self-insure up t o  the minimal mount set  
f o r t h  i n  the  General Provisions. E 2. CONOCO sha l l  no t  be l iable  for any injury or loss  t o  GWY employees, 
t he  conduct of normal operations hereunder, but COW0 s h a l l  be 
f o r  i n j u r i e s  only o r  loss  caused by COI.IOC0 ezployees acting legal ly  and 
w i  t h i n  the scope of thei  r employment i n conducting operations hereunder. I 
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B. 

C. 

D. 

3. CONOCO shall  endeavor t o  carry o u t  i t s  obligations hereunder i n  a 
good and workmanlike manner. 
any kind .  whatsoever es  t o  the acceptabili ty t o  any person or su i tab i l i ty  
for any purpose of the work t o  be carried o u t  hereunder by or on behalf 
of COIdOCO. 
t h r o u g h  GRUY for any f a i lu re  t o  complete such work or for  work deemed 
unacceptable or  sui table  by any person. 

GRUY s h a l l  m a i n t a i n  General L i  a b i  1 i t y  and Underground Property Damage 
Insurance i n  the amount o f  $20,300,000. 

However, CONOCO makes no warranty of 

COKOCO shall have n o  l i a b i l i t y  t o  G R U Y  or any e n t i t y  claiming 

4. 

GENERAL PROV I SI ONS 

1. G R U Y ' s  General Provisions are  attached hereto and by this reference 
made a p a r t  hereof, w i t h  the exceptions of clauses No. 10 "Disputes", 
No. 12 "Personnel", and No. 22 "Payment o f  Interest  on Contractor 's  
C1 aims" which are  hereby deleted. 

ADDITIONAL PROVISIONS 

1'. 

2. 

GRUY's A d d i t i o n a l  Provisions "5\Pt', Safety Policy, i s  attached hereto 
and by this reference made a pe.rt  hereof. 

GRUY,  as soon as available, agrees t o  provide CONOCO with a l l  logs, 
core analysis and other d a t a  obtained. 

I NT E REST 

1. Neither GRUY nor DOE s h a l l  have any in te res t  i n  the well, o r  i n  the o i l  
and g a s  lease,  minerals, production, or energy recovered from the well, 
o r  i n  any surface or subsurface equipment therein or thereon. 

ACCEPT D AND AGREED: 

GRUY FEDERAL, INC. 

By: @& e. )/dbLy1L/ 

Purchasing Aqent 
T i t l e  

CONOCO, INC. 

Attorney-i&facj 
-- L -._ Tit le  _- 
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P. 0. BOX 5551 M1DLAND.TEXA.S 79701 915: 563-4400 

PCI RUN REPORT 

Date - -  JobNo. 77 BitNo. cs-1'18 WellNo. MCA-358 RunNo. 1 

COMPANY Localtion: M a l  .iamar. New $lexica 

Starting Depth 3.692 ' Ending Depth 3,700' 

Time - Through Table 11:45 a.m. On Surface 1:15 a.m. 
Tag Bottom 8:35 D.m. Drillnng Time 66 minutes 
Drop Ball 10:41 p.m. Ball Time 2' minutes Close 10:48 p.m. 
Reaming @No 

String weight start 64,000 
Feathered in-o 

Tag Bottom a. right depth -No (If no, remarks) 

Starting RPM 58 Drilling RPM 80 
Average weight on Bit 6,000-8,000 

Maximum weight on Bit 8,000 
String weight end 64,000 
Tool Trip @o - if no, spudded tw ice  

(Ball caused) Pressure Increase 2,800 
Extension 17-1 /7" In 

Ball closed @No 

Pressure on Dome (expected) 7 ~ iQ- 

Pressure on Core 7 m  

Good Flush @No - If no, remarks: 

Mud Weight - 17.8 

Mud Viscosity 54 
Any change Ye@- I f  yes, remarks: 

PumpPSI 650 (D rilling) 

Extraction time 15 minutes 
a 

Core cut and transferred @No 

All records up-to-date @No 

MARKS: Sandstone 
, 

123 
PCI Engineer: COMPANY Eingineer: 

I 



A. 

B. 

C. 

D. 

E. 
F. 

G. 

H. 

I. 

J. 

K. 

L. 

M. 

N. 

0. 

P. 

0. 

n. 
S. 

T. 

U. 

V. 

D 

Tkl C 0 DOWDCO PRESSURE CORING, INC. 

P 0 BOX 5551 MIDLAND.TEXAS79701 915 563-4400 

PCI RUN REPORT 

2 Date 2-24-80 JobNo. 27 Bit No. CS-118 Well  No. MCA-358 Run No. 

COMPANY Conoco Location: Mal jarnar , New .Mexico 

17:?5 a 5 .  Q 

String weight start 66,000 C 

Starting Uepth 3.700 ' Ending Depth 3 708 ' 

Time - Through Table 12:06 p.m. On Surface 

71 minutes 
8014 r u n  

Tag Bottom 6:49 p.m. 

8-36 p - m -  Id Drilling Time 

BallTime 17 WRII~PC Close Orop Ball 

Reaming Yes@ 

Feathered in @'NO 
Tag Bottom a. right depth @/No (If no, remarks) 

Starting RPM 60 

Average weight on Bit 6,000 
Maximum weight on Bit 6,000 
String weight end 66,000 
Tool Trip @No - if no, spudded 

(Ball caused) Pressure Increase 

Extension 17-1 /2 "  In 

Ball closed @ O  

t w i  Ce 
250 p s i  

Pressure on Dome (expected) 

Pressure on Core 

Good Flush @No - If no, remarks: 

Mud Weight 10.5 

2 .ooo 
2 .'I 00 

Mud Viscosity 54 
Any change @No - If yes, remarks: 

Pump PSI '350 (Drilling) 

G p M 140 (Drilling) 

Mud WPight frmd.3-0 t n  1 n - 5  

w. P V  35 y p  77 

15 m i n u t -  X. Extraction time . ,  e 
i 

Y .  Core cut m d  transferred @No _. 

2. All records up-to-date 

REMARKS: 
- 

n 

I 124 
PCI Engineer: COMPANY Engineer : 
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1 
3 
I 
3 
1 
1 
3 
3 
3 
I 
3 
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8. 

C. 

D. 

E. 
F. 

G. 

H. 

1. 

J. 

K. 

L. 

NI. 
N. 

0. 

P. 

Q. 

R. 
S. 

T. 

U. 

V. 

W. 

X. 

Y. 

2. 

13 
P. 0. BOX 5551 MIDLAND.TEXAS79701 915: 563-4400 

PCI RUN REPORT 

Drte 2-24-80 Job No. 27 Bit No. cs-118 Well No. MCA-358 RunNo. 3 

COMPANY Conoco Lol:ation: Mal jarnar, New Mexico 

Starting Dipth 3,708 I Ending Depth 3 971 6 ' 
Time - Through Table :35 a On Surface 1O:OO a.m. 
Tag Bottom 4:OO a.m. Drilling Time 60 minutes 
Drop Ball 6.74 a . m  Ball Time _L[) m j  Close 5:34 a.m. 

Reaming Yes@ 

String weight start 66,000 

Feathered in @No 

Tag Bottom a right depth @/No 

Starting RPM 60 Drilling RPM 80 
Average weight on Bit 6.000-8,000 
Maximum weight on Bit 

String weight end 66,f)OO 
Tool Trip @Jo - if no, spudded 

(Ball caused) Pressure Increase 75Onzi 

(If no, remarks) 

8 .ooo 

twi rp 

Extei:??:. 16-1 /7"  In 

Ball closed Ye@ 

Pressure on Dome (expected, 7 ,OOn 
Pressure on Core - -  
Good Flush @'No - It no, remarks: 

Mud Weight i n .5  

Mud Viscosity 46 
Any change Yes o - If yes, remrrks: 0 V i  cr- 
Pump PSI - (Drilling) 

GPM- 145 (Drilling) 

P V  15 Y P  22 
Extraction time none 
Core cut .ad trrnsferred @/No 

All records up-to-date 

, 

i 

2 inches 

125 
PCI Engineor: COMPANY Engineer: 
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A. 

B. 

C. 

D. 

E. 

F. 
G. 

H. 

1. 

J. 

K. 

L. 

M. 

N. 

0. 

P. 

Q. 

n. 
S. 

T. 

U. 

V. 

PCI RUN REPORT - 
r 
r 

Date 2-25-80 JobNo. 27 Bit No. CS-118 Well N 0 . B - 3 5 4  RunNo. 6 

COMPANY Con o c o Location: Maliamar e New Mexico 

Starting Depth 3.71 6 I Ending Depth 

On Surface Time - Through Table 10: 33 a .m. 6:OO p.m. 
Tag Bottom 1:15 p.m. Drilling Time 101 minutes 
Drop Ball 

Reaming Yes@ 

String weight start 65,000 

Feathered in @No 

Tag Bottom a. right depth @ / N o  

Starting RPM 160 Drilling RPM 

Average weight on Bit 8,000 

-770 8 t 
L 
B 

3:45 p.m. BallTime 10 W n l l t ~ z  Close 2 - 5 6  n - L  

(If no, remarks) 

Maximum weight on Bit 9.000 
String weight end 65,000 
Tool Trip @'No - if no, spudded 

(Ball caused) Pressure Increase ?IuLpci 
Extension J 7-1 / P t 8  In 

Ball closed @/No 

t w i  r p  

Pressure on Dome (expected) 2,000 
Pressure on Core 2,150 

Good Flush @No - If no, remarks: 

Mud Weight 10.7 

Mud Viscosity 44 
Any change @/No - I f  yes, remarks: 

Pump PSI 400 (Drilling) 

G p M 140 (Drilling) 

rnutk&an@ 

w. P V  w 118 y p 1 6  

X. Extraction time 20 minutes 
a 

Y. Core cut and transferred @No 

2. All records up-to-date @No 

t .  

REMARKS: 

126 i 
COMPANY Engineer: PCI Engineer. - - -  



- . . . - . - . .. - . . . - - . -. . . . ._ . . . . . . . . . . . . . . . . . 

a 
7 

A. 

8. 

C. 

D. 

E. 

F. 

G. 

H. 

1. 

J. 

U. 

L. 

M. 

N. 

0. 

P. 

Q. 

n. 
S. 

T. 

U. 

v. 

0 
0 
W 
0 

0 C II DOWDCO PRESSURE CORING, INC. 
~ 

P. 0 BOX 5551 MIDLAND. TEXAS 79701 915' 563-4400 

PCI RUN REPORT - - *  
Date 2-25-80 Job No. 27 Bit No. CS-118 Well No. MCA-358 RunNo. 5 

COMPANY Conoco Location: Mal jamar,  New Mexico 

Starting Depth 3,724 ' Ending Depth 3 -733 ' 
Time - Through Table 6:50 p.m. On Surface 5:35 a.m. 
Tag Bottom 8:56 p.m. Drillling Time 261 minutes 
Drop Ball 1:54 a.m. Ball Time -9 m i  w p c  Close 7:&3-&m- 

Reaming Yes@ 

String weight start 67,000 
Feathered in @/No 

Tag Bottom a. right depth @No (If no, remarks) 

Starting RPM 60 Drilling RPM I 

Average weight on Bit 8,000 
Maximum weight on Bit 8,000 

String weight end 67 .OOO 
Tool Trip @/No - if no, spudded 

(Ball caused) Pressure Increase 

Extension 17-1 /2" In 

Ball closed -0 

750 p c i  

\ 

Pressure on Dome (expected) f l  
Pressure on Core 3 $1 50 

Good Flush @No - If no, remarks: 

Mud Weight 10.7 

Mud Viscosity 46 
Any change Yes@-  I f  yes, remarks: 

Pump PSI 400-350 (Drilling) 

G P M 140 (Drilling) 

w. P V  -18 Y P  16 

X. Extraction time 15 m i m t w  

Y. Core cut and transferred -NO 

2. All records up-to-date a N o  

MARKS: 

3 
127 

PCI Engineer: COMPANY Engineer: 
I 



0 
0 
W 
0 
C 
0 I DOWDCO PRESSURE CORING, INC. 

P. 0. BOX 5551 MIDLAND, TEXAS 79701 915' 563-4400 

PCI RUN REPORT 
n w A. Date 2-26-80 Job No. 27 Bit No. CS-118 Well No. MCA-358 I Run No. 6 

Y 
COMPANY COnOCO Location: Mal jamar. New Mexico 

Starting Depth 3.73 2 '  Ending Depth 3,7411 ' 
1 :3oJUu- 

B. Time - Through Table 6 : 00 a .m. On Surface 

Drilling Time 1 10 ni&Pz 
1n-17 a m .  Close 1f1:47 u n .  

Tag Bottom 8:13 a.m.- 
BallTime 10 & t P %  Drop Ball 

C. Reaming Y e s 3  

D. String weight start 67,000 
E. Feathered in@"o 

F. Tag Bottom a. right depth e o  (If no, remarks) 

G. Starting RPM 60 Drilling RPM 90 
H. -Average weight on Bit 10,000 

J. String weight end 67,000 
K. Tool Trip @No - if no, spudded 

L. (Ball caused) Pressure Increase 200 DSi 
M. Extension 17" In 

N. Ball closed Yes@ 

0. Pressure on Dome (expected) 7 -nnn 
P. Pressure on Core - -  

1. Maximum weight on Bit 12,000 

0. Good Flush Ye@- If no, remarks: No f l u z h  
R. Mud Weight 10.3 
s. Mud Viscosity 61 
T. Any change Ye No - If yes, remarks: Mud W d  

(Drilling) 

V. G P M  140 (D rilling) 

W. P V  73 Y P  71 

Q 
U. PumpPSI 350 

c 

None c X. Extractiontime t .  

Y. Core cut and transferred @/No 
a 

2. All records up-to-date @NO 

REMARKS: Ball did not close -- Slidinq sleeve swelled -- We are now dril5inq to next 
n core point. "I 

PCI Engineer. COWANY Engineer: i 
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f. 

G. 

H. 

1. 

J. 

K. 

L. 

M. 
N. 

0. 

P. 

Q. 

R. 

S. 

T. 

U. 

v. 
W. 

X. 

~ 

P. 0 BOX 5551 MIDLAND. TEXAS 79701 915: 563-4400 

PCI RUN REPOFIT 

Date 2-27-80 Job No. 27 Bit No. CS-114 Well No. W.A-358 RunNo. 7 

COMPANY Conoco Location: Mal jamar , New f;fexico 

Starting Depth 3,803 ’ Ending Depth 3,811 ‘ 
Time - Through Table 7 1 5 P -m  On Surface 6 . 7 f l  a . m .  

Drilling Time 152 minutes Tag Bottom 11:52 p.m. 

Drop Ball 2:51 p.m. Ball Time -7 mi n u b s  Close 7:55 D.m. 

String weight start 68,000 

Reaming @/No 60 ft .  

Feathered in Q/No 

Tag Bottom a. right depth Q N o  (If no, remarks) 

Starting RPM 50 Drilling RPM 75 
Average weight on Bit 7,000 
Maximum weight on Bit 14,000 

String weight end 68,000 
Tool Trip @No - if no, spudded t W i  ce 
(Ball caused) Pressure Increase 

Extension1 8-1 /4” In 

Ball closed @No 

100 DS i 

Pressure on Dome (expected) 7 m  

Good Flush @No - If no, remarks: 

Pressure on Core 2,000 

Mud Weight 10.3 
Mud Viscosity 52 
Any change 

Pump PSI 400 (Drilling) 

G P M  140 (Drilling) 

Yes@- I f  yes, remarks: 

P v 2-3 Y P 21 
Extractiori time 15 minutes * 
Core cut and transferred @+lo 

All records up-to.date e 0   MARKS: Dril ler  ran i n t o  ledge--Set 20,000 lbs.  on bit--Pulled 20,000 over string 

J w e i g h t  t o  break loose--Brakes faulty 

ii 129 
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D 
0 
W 
D 
C 
0 I DOWDCO PRESSURE CORING, INC. 

A. 

B. 

C. 

D. 

E. 

F. 

G. 

H. 

P. 0. BOX 5551 MIDLAND.TEXAS 79701 915: 563-4400 

PCI RUN REPORT r 

COMPANY Conoco Location: Mal.iamar, New Mexico 

Starting Dipth 1,811 Ending Depth 3.81 9 
r- 

Time - Through Table 7 :30 On Surface 1 :30 ~ - m -  
Tag Bottom 

Drop Ball 11:05 a.m. Ball. Time 6 minutes k s e  11:11 a.m. 

Reaming Ye@ 

9:55 a.m. (Drilling Time 47 minutes 

h 
String wight start 66,000 
Feathered in@No 

Tag Bottom a. right depth @No (If no, remarks) 

Starting RPM 60 Drilling RPM 80 

F Average weight on Bit 6 ,Oc)O - 
I .  Maximum weight on Bit 6 -000 

J. String weight end 66 ,.DO9 

K. Tool Trip @No - if no, spudded 

L. (Ball caused) Pressure Increase 600 
M. Extension 17-1 /2” In 

N. Ball closed @/No 

0. Pressure on Dome (expected) 7-nnn 
P. Pressure on Core 7 -7nn 
Q. Good Flush -No - If no, remarks: 

n. Mud Weight 10.1 
s. Mud Viscosity 71 
T. Any change 

U. PumpPSI 425 (Drilling) 

tf G P M 140 (Drilling) 

Ye@- If yes, remarks: 

W. P V  75 Y P 76 

X. Extraction time 1 5  minutes 
Y. Core cut aad transferred @NO 

2. All records up-to-date @ O  

. RE MARKS: 

130 
PCI Engineer: COMPANY Engineer: 
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B. 

C. 

D. 

E. 

F. 

G. 

H. 

1. 

J. 

K. 

L. 
M. 

N. 

0. 

P. 

Q. 

R. 
S. 

T. 

U. 

v. 
W. 

X. 

Y. 

2. 

3 

P. 0. BOX 5551 MIDLAND.TEXAS 79701 915: 563-4400 

PCI RUN REPORT - 

RunNo. 9 Date 2-28-80 Job No. 27 Bit No. cs-'I 14 Well No. MCA - 350 
COMPAN~' Conoco Location: Mal.iamar. New Mexico 

Starting Depth 3,819 ' Ending Depth ? ,877 ' 
Time - Through Table 2 : 30 p .m . On Surface 9:nn &LU. 

Tag Bottom 4:32 p.m. Drillling Time 66 rniwtez 
Drop Ball 6:0? p-rn. Ball Time __ 9 mini l . fnc Close 6:lO p ~ n .  

Reaming Yes@ 

String weight start 64 .@O 
Feathered in @No 

- 

Tag Bottom a. right depth @'No (If no, remarks) 

Starting RPM 60 Drilling RPM 80 

Average weight on Bit 8,000 
Maximum weight on Bit 10,000 
String weight end 64 .OOO 
Tool Trip C&No - if no, spudded 

(Ball caused) Pressure Increase ?QLpsosi 
Extension - 1 In 

Ball closed Yes@ 

Pressure on Dome (expected) 3,000 
Pressure on Core - -  
Good Flush Yes@- If  no, remarks: 

Mud Weight 1o.n + 
Mud Viscosity 68 
Any change 

PurnpPSI 4511 (D rilling) 

G P M  jqfl (D rilling) 

P V  Y P  74 

Yes@- I f  yes, remarks: 

Extraction time - -  
a 

Core cut and transferred 

All records up-to-date 

J~)REMARIG: Core i n  b a l l  -- 5 ' 9 "  o f  core i n  b a r r e l  i 

i 131 
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0 
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C 
0 I DOWDCO PRESSURE CORING, INC. 

P. 0. BOX 5551 MIDLAND.TEXAS79701 915: 563-4400 

PCI RUN REPORT 

Date 3-2-80 Job No. 27 Bit No. cs-114 Well No. MCA-358 Run No. 1 c) 

COMPANY Conoco Location: !fa1 jarnar , hew lilexico 
- 

5:40 p a .  c Ending Depth 4,043' 

On Surface 

Starting Depth 4,035 ' 
Time - Through Table 

Tag Bottom 4:45 p.m. Drilling Time 48 minutes 
Drop Ball BallTime 6 minutes Close 12:Ol a.m. 

Reaming Ye@ 

String weight start 

Feathered in @/NO 

Tag Bottom a. right depth @ / N o  

Starting RPM 60 Drilling RPM Qn 
Average weight on Bit 6,000 
Maximum weight on Bit 8 .OOO 
String weight end 68,000 

Tool Trip @/No - if no, spudded 

10 : 35 D .m. 

11:55 m. L 
68,000 21 

z 
i 

(If m, remarks) 

t w i e  
(Ball caused) Pressure Increase am-, 

r 
Extension - 1 / ~ 1 '  In 

Ball closed Yes@ 

Pressure on Dome (expected) 2.050 
Pressure on Core -0- 

Mud Weight 9.9 + 
Good Flush Ye@- If no, remarks: 

Mud Viscosity 61 
Any change 

Pump PSI 450 (Drilling) 

rilling) G P M  140 (D 

Yes/@- If yes, remarks: 

W. P V  26 Y f ' b  

X. Extractiom time none 
Y. Core cut and transferred -No 

2. All records up-to-date -No 

a 

. .  

REMARKS: Standpipe pressure 

i trip . 

1 132 
COMPANY Engineer: 1 

PCI Engineer: 
- _. - __._____ 
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P. 0. BOX 5551 MIDLAND.TEXAS 79701 915: 563-4400 

PCI RUN REPORT - - *  

Date 3-3-80 Job No. 27 Bit No. Cs-114 Well No. MCA-358 Run No. 1 1 

COMPANY Conoco Loc:ation: Mal jamar, New Mexico 

Starting Depth 4,043 ' Ending Depth 4,051 I 

Time - Through Table 6:40 a.m. On Surface 2:20 a.m. 
Tag Bottom 5:55 a.m. Drilling Time 49 minutes 
Drop Ball Ball Time El minutes Close 10:33 a.m. 
Reaming Yes@ 

String weight start 69,000 
Feathered in @/No 

Tag Bottom a. right depth-hlo (If no, remarks) 

Starting RPM 60 Drilling RPM EO 

Average weight on Bit 6,000 
Maximum weight on Bit 8,000 
String weight end 69,000 
Tool Trip @/No - if no, spudded 

(Ball caused) Pressure Increase 

Extension 17-1 /2" In 

Ball closed G N o  

Pressure on Dome (expected) 

Pressure on Core ?,3130 

Good Flush @No - If no, remarks: 

Mud Weight 1fl-4 / 

Mud Viscosity 61 
Any change 

Pump PSI 4f)n (Drilling) 

G P M i n n  (Drilling) 

once 
300 PS i 

7 af) 

Ye@- If yes, remarks: 

P V  32 Y P  71 

Extraction time 7n m i n l l t _ ~ ~  

Core cut and transferred @No 

All records up-to-date W N o  

@MARKS: 

1' 
J 
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P. 0. BOX 5551 MIDLAND.TEXAS 79701 915: 563-4400 

PCI RUN REPORT 

r 

RunNo. 1 3  - 
Maljamr, w w  Mexico c 
4 ;n59 ' 
q : u  

A. Date 3-3-80 JobNo. 27 Bit No. cs-114 Well No. YCA 358 

COMPANB Conoco Location: 

Starting Depth 4.051 ' Ending Depth 
- 

E 
7 : 1 1 3 m .  E 

3:lO a.m. 

74-  

Tag Bottom 5:30 a.m. 
On Surface 

Drilling Time 

B. Time - Through Table 

58 U l i m J t P Z  

BallTime 5 m i U t e %  Close Drop Ball 

C. Reaming ye@ 

D. String weight start 69,000 
E. Feathered in =No 

F Tag Bottom a. right depth =No (If no, remarks) 
G. Starting RPM 60 Drilling RPM 8n 

H. Average weight on Bit 7,900 
1. Maximum weight on Bit 8,000 
J. String weight end 69,000 

K. Tool Trip @No - if no, spudded c 
L. (Ball caused) Pressure Increase 375 psi 
M. Extension 19" In 

.I 

0. Pressure on Dome (expected) 7 ;J)!jfl c P. Pressure on Core 1 ;w 
Q. Good Flush @'No - If no, remarks: 

n. MudWeight 1n.s + 
s. Mud Viscosity 67 

T. Any change Yes@ - I1 yes, remarks: 

u. P ~ ~ ~ P s I  5nn (Drilling) 

v. G p M (Drilling) 

w. P V  5% p 3 c ;  

X. Extraction time 15 minutes 
V. Core cut and transferred @/No 

2. All records up-to-date @No 

a 

REMARKS: 

134 I 
1 COMPANY Engineer: PCI Engineer: 
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A. 

B. 

C. 

0. 

E. 
F. 

P. 0 BOX 5551 MIDLAND.TEXAS 79701 915: 563-4400 

PCI RUN REPORT 
- 

- r  

Date - -  JobNo. 77 BitNo. C S - 1 1 4  WellNo. MCA - 358 RunNo. 13  

COMPANY Conoco Lociition: Mal jamar,  rjew-j-lexico 
- 

Starting Depth 4,059 ' Ending Depth 4.067 ' 
Time - Through Table 9:45 p.m. On h f a c e  5 : 35 a .m. 
Tag Bottom 12:29 a.m. Drilling Time 46 mi nUteS 

Drop Ball 7:OO a.m. Ball Time -7 m i  nl l tpq Close 

Reaming Yes@ 

String weight start 70 .OoO 
Feathered in a / N o  

Tag Bottom a. right depth @No (If no, remarks) 

G. ' Starting RPM 60 Drilling RPM 80 
H. Average weight on Bit 8,000 
1. Maximum weight on Bit 8,090 
J. String weight end 70 .OOO 
K. Tool Trip -No - if no, spudded twice 
L. (Ball caused) Pressure Increase 351) p s i  
M. Extension - In 

N. Ball closed @No 

0. Pressure on Dome (expected) 3.050 

P. Pressure on Core 2.1 00 
Q. Good Flush @/No - If no, remarks: 

I?. Mudweight 10.5 

s. Mud Viscosity 62 
T. Any change 

U. PumpPSI 450 (D rilling) 

V. G P M 1413 (Drilling) 

Yes@- If yes, remarks: 

w. P V  75 YP 76 

X. Extraction time 15 mhtw 

Y. Core cut a%d transferred @'No 

2. All records up-to-date -No 

'?E MA R K S : 

1 
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A. 

B. 

C. 

D. 

E. 

F. 

PCI RUN REPORT 

Reaming Yes@ 

String weight start &7/ /  
Feathered in m0 

W 

Tag Bottom a. right depth -0 

f k  

(If no,  marks) 
G. -.Starting RPM &("J Drilling RPM zc 
H. ,LAverage weight on Bit 

I .  Maximum weight on Bit 5 

ii J. String weight end t.?K 
K. Tool Trip 

L. - (Ball caused) Pressure Increase 

M. -Extension 177q In 

e o  - if no, spudded 

2 l:-c. 

N. .,Ball closed C ~ N O  

0. Pressure on Dome (expected) 

P. Pressure on Core 

Q. Good Flush e o  - if no, remarks: 

.- . @2p+ (-1 

/ d -  ( f ;c;  

I 
i 
I 

n. Mud Weight / d .  5- 
s. Mud Viscosity 6 Z  
T. Any change Yes@- ~t yes, remarks: 

U. PumpPSI (Drilling) 

v. G p M /qn (Drilling) 

w. P V  25- Y P  z r  

X. Extraction time .3 17 - 
Y. Core cut and transferred ' 
2. All records up-to-date 

&dNo 

PCI Engineer: 
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0 I DOWDCO PRESSURE CORING, INC. 

P. 0. BOX 5551 MIDLAND, TEiXAS 79701 915: 563-4400 

- 
- 3 -  

PCI RUN REPOFIT 

15 Job No. Bit No. ''-1 1 4 Well NO. 
27 Date 3-4-80 

- 
COMPANY Conoco Location: Maljamar. New Mexico 

Starting Depth 4,075 ' Ending Depth 4,083 ' 
Time-ThroughTable 11 :45 ~ . m .  On8urface 7:15 a.m. 
Tag Bottom Drillling Time 35 minutes 
Drop Ball 4:44 a.m. Ball Time -8 minutes Close 4:52 a.m. 
Reaming Ye@ 

String weight start 70,000 
Feathered ir@"o 

Tag Bottom a. right depth @/No (If no, remarks) 

G. Starting RPM 60 Drilling RPM 80 
H. Average weight on Bit 8,000 
1. Maximum weight on Bit 8,000 
J. String weight end 70,000 
K. Tool Trip @No - if no, spudded 

L. (Ball caused) Pressure Increase 350 psi - 
M. 

N. 

0. 

P. 

0. 

n. 
S. 

T. 

U. 

v. 
W. 

X. 

Y .  

2. 

Extension1 7-3 /4 " In 

Ball closed @No 

Pressure on Dome (expected) 2,050 
Pressure on Core 2,050 

Good Flush 

Mud Weight 10.5 

@/No - If no, remarks: 

Mud Viscosity 6 2 
Any change 

Pump PSI 450 (Drilling) 

G P M  140 (Drilling) 

Yes@- If yes, remarks: 

. .  p v  25 Y P  26 
Extractioatime 15 m i  nUteS 
Core cut and transferred  NO 
All records up-to-date -No 

L - 
GMARKS: Junk basket and magnet -- Tripped and c u t  1 1%. -- Changed geolograph. 

I 
137 

D - 8  re-:----. CO MP A N V E noineer : 

I 



E PCI RUN REPORT - 
c 

RunNo. 16 Wet\ No. MCA - 358 A. Date - -  JobNo. 77 BitNo. CS-114 

COMPANQ Location: Ma-r. New Mexico Conoco - 
4 , m 4  I 4 ,n97 I Ending Depth Starting Depth 

B. Time - Through Table 7 : 45 a On Surface 1:15 p.m. 

l n . 4 5  ;tm. F Tag Bottom 9:45 a.m. Drilling Time 32 minutes 
Ball Time Close Drop Ball i n m  a - m  5 m i n i i t P C  

C. Reaming Yes@ 

D. String weight start 71,000 

E. Feathered in@JNo 

F. Tag Bottom a. right depth @/No (If no, remarks) 

G. Starting RPM 60 Drilling RPM 80 

H. Average weight on Bit 7,000 
1. Maximum weight on Bit 8 .OOO 
J. String weight end 71,000 
K. Tool Trip -No - if no, spudded 

L. (Ball caused) Pressure Increase 775 
M. Extension1 7-3 /8 In 

N. Ball closed @NO 

0. Pressure on Dome (expected) 2,050 
P. Pressure on Core 2,150 

Q. Good Flush -NO - If no, remarks: 

t7. Mud Weight 10.5 
S. Mud Viscosity 65 1 

i 
i 
I 

T. Any change 

U. PumpPSI 350 (Drilling) 

rilling) V. G P M  140 (D 

Ye@ - If yes, remarks: 

* 
w. P V  35 Y P - 2 6  

X. Extractio; time 20 minutes 
a 

Y. Core cut and transferred -No 

2. All records up-to-date @No 

REMARKS: 

* 

- L. 

t 
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PCI Engineer: 
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A. 

B. 

C. 

D. 

E. 

F. 

G. 

H. 

1. 

J. 

K. 

L. 

M. 

N. 

0. 

P. 

a. 
R. 

S. 

T. 

U. 

V. 

W. 

X. 

Y. 

2. 

P. 0. BOX 5551 MIDLAND.TtiXAS 79701 915: 563-4400 

PCI RUN REPOFIT 

Date - -  JobNo. 27 Bit No. CS-114 WeIINo. MCA-358 RunNo. 17 

COMPANY COnOCO Location: Ma 1 j ama r , New Mexico 

Starting Depth 4.092 ' Ending Depth 4,100' 

Time - Through Table On Surface 2:OO a.m. 
Tag Bottom 3:28 p.m. Drilling Time 40 minutes 
Drop Ball 4r48 p-rn. BallTime 5, m w e s  Close 4:53 p.m. 
Reaming Ye@ 

- 

1 : 30 D .m. 

String weight start 71.000 
Feathered in @No 

Tag Bottom a. right depth -No (If no, remarks) 

Starting RPM 60 Drilling RPM 80 
Average weight on Bit 7,000 
Maximum weight on Bit 8,000 
String weight end 71 .OOO 
Tool Trip @'No - if no, spudded 

'(Ball caused) Pressure Increase 7nn mi 

Extension 17-.1/4 In 

Ball closed -/No 

Pressure on Dome (expected) 2,050 
Pressure on Core 2,100 

Mud Weight 10.6 
Mud Viscosity 68 

Good Flush @/No - If no, remarks: 

Any change 

Pump PSI 400 (Drilling) 

G P M 140 (Drilling) 

Yes@- If yes, remarks: 

P V  75 Y P  26 
ExtractioKtime 20 minutes 

L .  

Core cut G d  transferred -No 

All records up-to-date 
c 

QNo i 

REMARKS: 
\ 

Circu lated bottom a f t e r  t r i p p i n g  ba r re l  wh-ile r i g  crew replaced brake pads. 

7 

C d 8 A  N Y Engineer : 2 PC1 Engineer: 



n . -  

A. 

B. 

C. 

D. 

E. 

F. 
G. 

H. 

1. 

J. 

K. 

L. 
M. 
N. 

0. 

P. 

Q. 

R. 

S. 

T. 

U. 

V. 

W. 

X. 

Y. 

2. 

P. 0. BOX 5551 MIDLANDTEXAS 79701 915: 563-4400 

PCI RUN REPORT - 
c 
r 

Date 3-6-80 JobNo. 27 Bit No. cs - 7  14 Well NO. MCA-358 RunNo. 18 

COMPAN? Conoco Location: Ma 1 .j amar . New Mex i co 

Starting Depth 4.100' EndingDepth 4.108 ' 
l ime - Through Table 3 : 30 a m - On Surface 8 r R O  &,Ill> 

l a g  Bottom 5:08 a.m. Drilling l ime 

Drop Ball 6:33 a.m. BallTime 6 minutes Close 6:39 a.m. 
Reaming Yes@ 

String weight start 71 ,000 
Feathered in @'No 

l a g  Bottom a. right depth @'No 

Starting RPM 60 Drilling RPM 80 

Average weight on Bit 8,000 
Maximum weight on Bit 8,000 

47 minutes 

(If no, remarks) 

String weight end 71,000 
Tool Trip @No - if no, spudded 

(Ball caused) Pressure Increase 

Extension 17-1 /2" In 

Ball closed @No 

Pressure on Dome (expected) 7Jp3l 

Pressure on Core 7JEO 
Good Flush @No - If no, remarks: 

200 DSi 

F- 

Mud Weight 10.5 
Mud Viscosity 71 
Any change 

Pump PSI 250 (Drilling) 

G P M 140 (Drilling) 

P V  35 Y P  76 
Extraction'time 15 minutes 
Core cut and transferred -NO I 

All records up-to-date - 

Yes@- I f  yes, remarks: 

. 
a 

-No L 

I 
REMARKS: 
, 
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(FROM A CORE LABORATORIES BROCHURE) 
FOR PRESSURE CORES 
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The growing significance of evaluating a reservoir 
for its susceptibility to one or a combination of con- 
ventional and exotic enhanced recovery techniques, 
as well as the economic feasibility of a long-range 
commitment, magnifies the value of obtaining accu- 
rate comprehensive formation data. 

No two reservoirs are alike, either in material ar- 
rangement, flow mechanics, or fluid composition. 
Ideally, the nearer to an in situ condition core can be 
brought to the surface, preserved, and delivered to a 
lab for analysis, the more dependable the data. 

This information plays an important role in Core 
Lab’s Special Core Analysis Department enhanced 
recovery services, ranging from basic bench top eval- 
uations of mobility control agents and surfactants to 
tertiary oil recovery tests on reservoir cores at reser- 
voir temperature. 

With the advent of manufacturers’ improved de- 
sign and performance of pressure COW barrels, Core 
Lab has established extensive modern facilities in 
Dallas, Texas, for performing analysis of cores taken 
under pressure. 

Cores are received at the laboratory encased in the 
inner core barrel in lengths of approximately three to 
4% feet - frozen in chests of dry ice. (The concept of 
preserving cores through use of the “quick freeze” 
technique was originally introduced by Core Lab.) 
Each length is placed in a dry ice-filled trough at- 
tached to a milling machine. Two diametrically op- 
posed grooves are milled down the length of the steel 
tubing to a depth slightly less than the maximum 
tubing wall thickness. Liquid nitrogen is directed to 
the point of milling to ensure that the temperature of 
the tubing and the core remain at or below that of 
frozen carbon dioxide. The grooved tubing lengths 
containing the frozen core are immediately returned 
to the dry ice chest. The tubing is then wedged apart 
into two halves and removed from the core. 

Drilling mud is removed from the core by chipping 
and abrasive action. As before, liquid nitrogen is pe- 
riodically sprayed into the chest to ensure the proper 
cryogenic temperature 

Cores are then visually examined for lithological 
characteristics and samples ~IFP WceBected for analysis. 
Each sample consists of one or more EdI-diameter 

segments having a total-length of-12 inches, or 
less. BGth endcof each core segment are faced with a 
diamond saw. again using liquid nitrogen to maintain 
the corqin a frozen state. 

The segments comprising a sample are placed in 
thin-walled metal thimbles, quickly weighed, and 
placed in a low-temperature retort which is closed 
i m m e d i a t e l y .  T h i s  r e t o r t  a n d  its a t t a c h e d  
fluid-collecting system are evacuated for 45 seconds 
to remove as much air as possible before gas begins 
to evolve from the rock. The system is then sealed 
and the frozen core is allowed to thaw at room tem- 
perature. Water and oil expelled by the evolving gas 
are collected in a graduated receiving tube, while the 

- 

gas is collected in the retort void space and in an 
attached gas-collecting cell. This system is equipped 
with a gauge to allow monitoring the pressure inside 
both the retort and fluid-collection system. 

Barometric pressure, room temperature, retort 
pressure, and produced liquid volumes are recorded 
periodically. Thawing of the cote is considered com- 
plete when consecutive readings indicate no addi- 
tional liquids or gas are being expelled. Portions of 
the gas in the retort and in the gas cell are collected 
separately for analysis to determine gas gravity and 
the mole percent of various components. Collected 
volumes of oil and water are also measured, as well 
as the chloride content of the produced water. 

Upon completion of this phase of testing, the sam- 
ple and its thimble are removed from the retort, 
weighed, and placed in a Dean-Stark (toluene distil- 
lation) apparatus. The remaining water content in 
the cores, as well as some additional oil are removed. 
When this process is completed, the volume of water 
recovered is measured. 

The sample is removed from the Dean-Stark appa- 
ratus and placed in a vacuum oven at 240’F to dry. 
When drying is complete, the sample is allowed to 
cool in the presence of a desiccant and then re- 
weighed. The volume of additional oil extracted is 
determined gravimetrically, using a stock tank oil 
density corrected to room temperature. The volume 
of water distilled is corrected to reflect the equivalent 
volume of water having the same salinity as the re- 
torted water indicated by the chloride determination. 

The core is taken from the thimble, all loose grains 
are removed from each segment of core, and the seg- 
ments are encased in surgical stocking material to 
minimize grain loss. The cores are then subjected to 
further extraction, using carbon dioxide-charged to- 
luene heated to 180’F to extract any remaining oil. 
When this step is completed, the cores are leached 
with carbon dioxide-charged methanol to remove the 
salt content. 

Weight loss occurring during the extraction and 
leaching processes, corrected for salt content, is the 
weight of oil removed which is then converted into a 
volumetric value, using the above mentioned oil den- 
sity. 

Porosities and horizontal and vertical air perme- 
abilities are determined on each core segment. Liquid 
saturations at stock tank conditions are calculated by 
using the measured total pore volume of all core seg- 
ments and the total oil and water contents recovered 

. from these segments. The volyme of gas collected 
from the sample is determined4rom the known vol- 
ume of the retort and fluid collection system, cor- 
rected for the grain and thimble volumes, as well as 
the total liquid and salt contents. This gas volume is 
further corrected to standard conditions. 

During the course of some pressure coring opera- 
tions, drilling fluid is tagged with a tracer such as 

142 (Continued) 
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tritium. This is done to afford some insight as to the 
degree of flushing of the core by mud filtrate. Under 
such circumstances, additional core samples are se- 
lected for analysis. These samples, each a full- 
diameter core segment about 1% to 2 inches in length, 
are picked at specified depth intervals to determine 
the tritium content of the pore water. A cylindrical 
plug is drilled concentrically to the diameter of each 
frozen core segment, and hence along its vertical 
axis. Liquid nitrogen is used as a bit lubricant to 
sustain proper cryogenic temperature level. 

Water contents in the drilled plug and in the re- 
sulting "donut" portion of the core are recovered 
separately by the Dean-Stark method, and both por- 
tion!; of the water are analJlzed for the presence of 
tritium. These data, togethef with the tritium content 
of the mud system, are used to determine the degree 
of filtrate invasion which, in turn,  is useful in evalu- 
ating saturations measured in the cores. Porosities of 
the plug and the "donut" portion are measured, as 
well as the vertical air permeability of the plug. 

The low temperature retort equipment and associated techniques for pressure blo wdown were designed by Shell Development Company. 

_ . ~  ~ 
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August  24, 1981 

CORE LABORATORIES, INC. 

- - .  I 

h 
Gruy Federal, Inc. 
2500 Tang1 ewi 1 de, Sui  t e  150 
Houston, Texas 77063 

Attention: Mr. Raymond Marlow 

Gent1 emen : 

Replying to  your inquiry concerning sodium nitrate tracer data for  the 
Conoco MCA No. 358 Well, these tests were n o t  performed in conjunction 
w i t h  the pressure-retai ned  core ana lys i s  s tudy .  
o f  tes t ing,  t h e  plug and donut samples were inadvertantly analyzed for  
t r i  t i  urn t racer  only. 

D u r i n g  the t racer  phase 

Replacement samples were selected. However, during subsequent phone con- 
versations w i t h  representatives of Gruy Federal, Inc., i t  was decided t o  
omi t  the sodium n i t r a t e  analysis. 
e r r a t i c  and  questionable nature of sodium ni t ra te  t racer  results obtained 
d u r i n g  the analysis o f  pressure-retained cores from the Texas Pacific 
BRU no. 310 Well. 

I f  you have any further questions, please d o n ’ t  hesitate t o  contact us. 

T h i s  decision was largely due t o  the 

Very t ruly yours, 

Core Laboratories, Inc. 

C.W. Marquis 
Technical D i  rector 
Speci a7 Core Analysis 

CWM:bb . 

f 
E 
i 
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Special Core Analysis Study 

for 

Gruy Federal, Inc. 

MCA No. 358 Well 
Lea County, New Mexico 

. 

-peciid Core Analysis 
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7501 STEMMONS FREEWAY. BOX 47547, DALLAS. TEXAS 75247’214 1631 .E270 

I. 

July 22, 1981 

Gruy Federal, Inc. 
2500 Tanglewilde, Suite 150 
Houston, Texas 77063 

Attention: Mr. John Goodrich 

Subject: Special Core Analysis Study 
Conoco 
MCA No. 358 We1 1 
Mal jamar Field 
Lea County, New Mexico 
Purchase Order Number: 27-82 
File Number: SCAL-308-80533 

CORE LABORATORIES, JNC. 

Special Core Analysis [K& 

Gentlemen: 

A purchase order dated February 21, 1980, and identified by Number 
27-82 authorized a study on core material obtained from the subject 
well. The Formation Resistivity Factor and Formation Resistivity 
Index Measurements requested i n  the  subject purchase order have been 
performed by the Special Core Analysis Department o f  Core Laborator- 
ies ,  Inc., a t  Dallas, Texas, and the results are reported herein. 
Also reported are the results of Permeability t o  Air and Porosity 
Determi nations for  sample selection purposes. A separate report 
on the remaining portion of the study has  already been issued 
( F i  1 e Number: SCAL-308-80111) . 
Full-diameter core segments representing depth intervals ranging  

- from approximately 3692 feet t o  approximately 4107 feet were 
submitted for use i n  t h i s  study. Upon completion of the requested 

= nit rate  anaPyses, plug-sized samples were obtained from the depth 
intervals specified by a representative of Gruy Federal ,* Inc., 

* 
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Gruy Federal, Inc. 
Mal jamar Field 
Page Two 

using a diamond core d r i l l  with water as the bit  coolant  and  
lubricant. The sixteen 1-1/2 inch i n  diameter cylindrical  core 
sampl es t h u s  obtained were extracted of any hydrocarbons present 
u s i n g  toluene, leached of any sal ts  present using methyl a lcohol ,  
and oven-dried. Permeability t o  a i r  and Boyle's Law porosity were 
determined on each core plug, and these d a t a  are presented i n  
tabular form on Page 2 and i n  graphical form on Page 3. 

In a l e t t e r  dated March 24,  1981, and signed by Mr. Raymond Marlow, 
ten samples were designated for  use in the requested, electrical 
resist ivity tes ts .  The core plugs selected for these additional 
t e s t s  are lithologically described and identified as t o  sample 
number and depth interval on Page 1. I t  should be noted t h a t  the 
samples exhibit two different lithologies. 

The selected samples were evacuated and pressure-saturated w i t h  a 
brine containing 16,000 ppm sodium chloride t o  which calcium sulfate 
had been added in order t o  inhibit possible mineral dissolution. 
The electrical res is t ivi t ies  of the brine and the brine-saturated 
core plugs were next measured repeatedly over a period of several 
days until t he  electrical res is t ivi t ies  stabilized, indicating t h a t  
ionic equilibrium within the core plugs had  been attained. Desat- 
u r a t i o n  of the core plugs was then commenced u s i n g  a porous-plate 
cell with an air-brine system, and the electrical res is t ivi t ies  
were measured a t  several equilibrium saturations fo r  each sample. 
The results of these formation resist ivity factor and formation 
resis t ivi ty  index  measurements are presented i n  tabular form on 
Pages 4 and 5 ,  and i n  graphical form on Pages 6 t h r o u g h  19. I t  
should  be noted t h a t  the t e s t  results are presented according t o  
the different lithologies exhibited by these samples, with the d a t a  
for the sandstone and dolomite samples grouped separately. Using 
Archie's equation, respective cementation exponents l'm'' of 1.68 
and 1.93 are calculated f o r  the sandstone and for the dolomite 
sampl es. The formation resi st i vi t y  i ndex-saturation re1 a t  ionships 
yield calculated sa tu ra t ion  exponents ' I n "  ranging from 1.53 t o  
1.74 for the sandstone samples and from 1.78 t o  2.62 for the 
dolomite samples. For convenience, composite plots of the forma- 

- t i o n  res is t ivi ty  index-saturation relationships are presented on 
Pages 11 and 19 and yield composite saturation exponents .of 1.57 

* and 2.06 for the sandstone and dolomite samples, respectively. 
rL 
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Gruy Federal, Inc. 
Mal jamar F i  e l  d 
Page Three 

It has been a pleasure performing t h i s  study on behalf of Gruy 
Federal, Inc. Should there be any questions concerning the reported 
t e s t  resul ts ,  o r  i f  we could be o f  any f u r t h e r  assistance, please 
do not hes i ta te t o  contact us. 

Very t r u l y  yours, 

Core Laboratories, Inc. 

Vohn A. Koerner, Laboratory Supervi sor 
Speci a1 Core Analysi s 

J AK : PSD :yo 
10 cc. - Addressee 
1 cc. - H. J. Gruy & Associates, Inc. 

Attn: Terry S w i f t  
150 W. Carpenter Frwy. 
I rv ing ,  TX 75062 

Attn: Preston Grant 
Box 1267 
Ponca City, OK 74601 

1 cc. - Conoco, Inc. 

. 
* .  
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CORE LABORATORIES,  I N C .  
A b o k u m  Reservoir E%&ecrilg 

D A L L A S ,  TEXAS 75247' 

Page 1 o f  19 
F i l e  -TSCAL-308-80533 

Company Gruy Federal, Inc. Formst i on Grayburg 
We1 1 MCA No. 358 County Lea 
Fie1 d M a l  j amar S t a t  e New Mexico 

I d e n t i f i c a t i o n  and Descr ip t ion  o f  Samples 
-_I 

Sample 
Number 

1 

2 

3 

4 

5A 

6 

7 

8A 

10 

. 

Depth, Feet 

3694-95 

3702-03 

3731-32 

3808-09 

3814-15 

4044-45 

4047-48 

407 0- 7 1 

4105-06 

L i  tho log ica l  Descr ip t ion  

Ss, wht, f n  gr, w e l l  indurated 

Ss, wht, f n  gr, we l l  indurated 

Ss, tan, fn gr, w e l l  indurated 

Dol, tan, f n  xln, pp vugs 

Dol, tan, f n  x ln,  pp vugs 

Dol, tan, f n  xln, pp vugs 

Dol, tan, f n  x ln ,  pp vugs 

Dol, tan, f n  x ln ,  vugs 

Dol, tan, f n  x ln ,  vugs 



w CORE LABORATORIES,  I N C .  
Abolevm Reservoir E%heering 

D A L L A S ,  T E X A S  75247 

Page 2 o f  19 
File SCAL-308-80533 0 

Permeabi 1 i ty and Porosity 

Air 
Permeabi 1 i ty, 
Millidarcies 

34 
13 
0.54 
0.69 

8.5 
4.8 
0.62 

20 

34 
38 
14 
28 
23 
28 

66 
2.6 

Porosity, 
Percent 

11 .o 
9.6 
8.3 
9.1 

11.6 
6.0 

10.4 
9.3 
8.9 

14.5 
6.6 

11.5 
9.2 

13.0 
5.4 
8.2 

Sample 
Number 

1 
2 
3 
3A 
4 
4A 
5 
5A 
6 
7 

8A 
9 
9A 
10 
10A 

a 

Depth, feet 

3694-95 
3702-03 
3731-32 
3731-32 
3808-09 
3808-09 
3814-15 
381 4- 15 
4044-45 
4047-48 
4070-71 
4070-71 
4089-90 
4089-90 

' 4105-06 
4105-06 

57 . 
. ,  
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CORE LABORATORIES,  I N C .  
fibohurn Reservou fng~heeri ,g 

D A L L A S ,  TEXAS 71 247 

Company Gruy Federa l ,  Inc .  
We1 1 MCA No. 358 
F i e l d  Mal  i a m a r  

1c 

10 

.O 

0 1  

Page 3 o f  19 
F i  1 e SCAL-308-80533 

- 
Format ion  Grayburg 
County Lea '_ 

S t a t e  New Mexico 

0 5 10 t 5  20 
151 

P o r o s i t y ,  Percent  

25 30 35 



CORE LABORATORIES,  I N C .  
Atroleurn ReservoG Engheerhg 

DALLAS,  T L X A S  7ci247 

Page 4 o f  19 
Fil e SEAL-308-80533 

Resistivity o f  Saturating Br 

Sampl e 
Number Mi 1 1  i darcies 

Ai r Permeabi 1 i ty , 

1 

2 

3 

34 

13 

0.54 

ne, Ohm-Meters: 0.340 @ 70.8’F. 

Porosity, Formation Brine Saturation, 
Percent Factor Percent Pore Space 

11 00 

Sandstone Samples 

38.6 100 .o 
51 .2 
29.5 
24.0 

9.6 46.2 100.0 
43.0 
34.2 
25.7 

8.3 68.1 100.0 
82.2 
67 .O 
33.0 

L 

Res i st v i  ty 
Index 

1.00 
3.09 
5.76 
8.67 

1 .oo 
3.75 
4.81 
8.84 

1.00 
1.43 
2.08 
5.97 



CORE LABORATORIE:S, INC. 
Atrofevm Reservoir Et@twi,g 

D A L L A S ,  T E X A S  755!47 

Page 5 o f  19 
F i  1 e SCAL-308-80533 

Formation Factor and R e s i s t i v i t y  Index Data 

R e s i s t i v i t y  of Saturat ing Brine,  Ohm-Meters: 0.340 @ 7.8 OF. - 
Sample Air Permeabi l i ty ,  Porosity,  Formaticm Br ine Saturat ion,  R e s i s t i v i t y  
Number M i l l i d a r c i e s  Percent Factor - Percent Pore Space Index 

Dolomite Sarrrpl es 

4 

5 

6 

7 

8A 

9 -  

. 
10 

20 

0.62 

34 

30 

28 

23 

2.6 

11.6 

9.3 

8.9 

14.5 

11.5 - 

9.2 

5.4 

58.6 

102 

105 

45.5 

65.4 

106 

223 

100.0 
55.7 
40.7 
34.1 

100.0 
94.6 
64.6 
35.6 

100.0 
68.8 
58.2 
45.6 

100.0 
49.7 
37.3 
32.9 

100.0 
40.9 
34.6 

' 2  28.1 

100.0 
57.0 
46.5 
34.5 

100.0 
55.4 
42.2 
33.7 

1.00 
4.00 
6.98 
9.84 

1 .oo 
2.14 
3.13 
6.94 

1 .oo 
2.85 
3.74 
7.15 

1 .oo 
4.16 
6 -98 
8.48 

1 .oo 
6.55 
8.38 

12.9 . .  

1.00 
L .  2.92 

3.86 
- 6.81 
.L 

1.00 
3.24 
3.85 
6.94 



D 
000 

100 

1. 

CORE LABORATOmES. INC. 
Pcndr*m Rrmoi~ Enciu-na 

DALLAS. TEXAS 

Page 6 of 19 
File SCAL-308-80533 

Sandstone Samples - D 

0.001 0.01 0.1 

Porosity. Ft8ction 

154 
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CORE: LABORATORIES. I N C .  
Pa&m R t m i r  Enpumng Page 7 of 19 

File SCAL-308-80533 - 

Company Gruv Federal Inc. Formation Gravburq 
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October 31, 1980 

Gruy Federal, Inc. 
2500 Tanglewilde, Suite 150 
Houston, Texas 77063 

Attention: Mr. John H. Goodrich 

Subjc A :  Special Core Analysis Study 
MCA No. 358 Well 
Maljamar Field 
Lea County, New Mexico 
Fi 1 e Number : SCAL-307-80111 

Gent 1 emen : 

CORE LABORATORIES, INC. 

Special Core Analysis 

- _  

Presented i n  t h i s  report are the results of core analysis measurements per- 
formed on Grayburg Formation recovered from the subject well, as  authorized 
by your Purchase Order No. 27-88. 

The cores used i n  this study were recovered using pressure-retaining coring 
equipment and  water-base mud tagged w i t h  tritfum as a tracer. This tracer 
was used as an a i d  t o  determine the degree of’  flushing of the core by the 
mud f i l t r a t e .  A l s o ,  prior t o  coring, the inner core barrel was f i l l ed  w i t h  
a low invasion gel i n  a n  effort  t o  minimize f i l t r a t e  invas ion  of the core 
a f te r  i*  entered the barrel. 

All of the cores recovered under pressure a t  the surface were frozen a t  the 
well site. These frozen cores, which were s t i l l  encased i n  the inner core 
barrel, were packed i n  chests of dry ice and transported t o  our Dallas 
1 aboratory. 

Full-diameter segments of the recovered core were selected for analysis by 
a low temperature re tor t  method. In  a d d i t i o n ,  certain portions of the 
recovered core were chosen for testing t o  determine the concentration of 
tritium tracer i n  the pore water. Procedures for preparing the cores for 
analysis, as well as the analysis procedures, are presented on Pages 1 
t h r o u g h  4. . 

j” 
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Gruy Federal 
Maljamar F i e l d  
Page Two P 

The data obtained on the ful l -d iameter samples are tabulated on 5 
through 18, along wi th  l i t h o l o g i c a l  descriptions. The analysis resu l ts  
of the gas co l lected from these samples during pressure deplet ion are given 
on Pages 19 through 22. The components o f  the  gas co l lected from the depth 
in terva l  3717.65 t o  3722.5 were not detectable due t o  the l i m i t e d  volume o f  
evolved hydrocarbon gas. The ch lor ide contents o f  the pore water expelled 
during pressure depletion are tabulated on Pages 23 and 24. 

Permeabil ity, porosity, and w a t e r  saturat ion data measured on the port ions 
of core selected f o r  the t racer  concentration determinations are given on 
Pages 25 and 26. As indicated, these resu l ts  were obtained on "plugs" and 
"donuts." The plug represents the inner por t ion  o f  the fu l l -d iameter core 
while the donut represents the outer core por t ion encompassing the plug. 
This method of core sampling was u t i l i z e d  t o  provide a means o f  evaluating 
the depth and degree o f  f i l t r a t e  invasion i n t o  the  fu l l -d iameter core. 

' 4  

The samples o f  pore water containing the t r i t i u m  were submitted t o  Teledyne 
Isotopes, Inc., for analysis. Hence, the t r i t i u m  concentration data are 
not included i n  t h i s  report,  but w i l l  be submitted t o  you by Teledyne Iso- 
topes, Inc. 

It was a pleasure working w i th  you on t h i s  study, Should you have any ques- 
t i o n s  per ta in ing t o  these t e s t  resul ts ,  o r  i f  we could be o f  fu r ther  
assistance, please do not hes i ta te t o  contact us. 

Very t r u l y  yours, 

Core Laboratories, Inc. 

C. Ed York 
f o r  Duane L. Archer, Manager 
Speci a1 Core Analysis 

7 cc. - Addressee 
1 cc. - Conoco 

Attention: Mr.  Preston Gant 
R & D Bui ld ing . Ponca City, Oklahoma 74601 
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CORE LABORATORIES, INC. 
Abofeum Rescrvori Engineerurg 

DALLAS,  TEXAS 76247 

Page 1 o f  27 
We1 1 Gonoco -MCA No. 358 
F i l e  SCAL-3i7-80111 

Core Preparation Procedures 

1. Core samples, encased i n  s tee l  tubing and frozen i n  chests o f  dry  ice, 
were submitted t o  our Dallas laboratory. 

2. Each length o f  tubing-encased frozen core was placed i n  a dry  i ce  f i l l e d  
trough attached t o  a m i l  l i n g  machine. Two d iamet r ica l l y  opposed grooves 
were m i l l e d  down the  length of the  s tee l  tub ing t o  a depth s l i g h t l y  
less than.the w a l l  thickness of the tubing. L iqu id  ni t rogen was d i rected 
a t  the  point  of m i l l i n g  t o  ensure tha t  the  temperature o f  the tubing 
and core was maintained a t  o r  below t h a t  o f  f rozen carbon dioxide. 

3. The grooved tub ing and encased frozen core were returned t o  the dry  i c e  
chest. The tubing, a f te r  being separated i n t o  two halves by wedging a 
t o o l  i n t o  the  m i l l ed  grooves, was removed from the frozen core. 

4. D r i l l i n g  mud and/or low invasion gel was removed from the  frozen core 
by chipping and abrasive action. As before, l i q u i d  n i t rogen was sprayed 
pe r iod i ca l l y  i n t o  the chest t o  ensure tha t  the proper cryogenic tempera- 
t u r e  was maintained. 

5. The cores were v i s u a l l y  examined fo r  l i t h o l o g i c a l  charac ter is t i cs  and 
samples were selected for analysis. One group o f  selected samples was 
speci f ied f o r  t es t i ng  using a low-temperature r e t o r t  method. The other  
group o f  cores was designated for use i n  determining t racer  concentra- 
t i ons  i n  the  pore water. 

6. Both ends o f  each selected core segment were faced wi th  a diamond saw 
using l i q u i d  ni t rogen t o  maintain the  segment i n  a frozen state. The 
faced frozen core segments were stored under d ry  i c e  wh i le  await ing 
t e s t  i ng. 

. 
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CORE LABORATORIES, INC. 
Atroleurn Reservoci E q n e e n n g  

DALLAS,  TEXAS 76247 

Page 2 of 27 
Well ConocolMCA No. 358 
File SCAL-367-80111 

Low Temperature Retort Procedures 

1. The faced frozen core segments, comprising a retort sample, were placed 
i n  a thin-walled metal thimble, quickly weighed, and placed i n  a.low 
temperature retort . The retort  .was closed immedi ately. 

2. The retort and i t s  attached fluid-collecting system were evacuated f o r  
45 seconds t o  remove as much a i r  as possible before gas began t o  evolve 
from the core. The system was then sealed and the frozen core allowed 
t o  t h a w  a t  room temperature. 

3 .  Water and o i l  expelled by the evolving gas were collected i n  a g r a d u a t e d  
receiving t u b e .  

4.  The evolved gas was collected in the void space in the  retort. The 
system is equipped w i t h  a gauge t o  allow monitoring o f  the Dressure 
inside the retort. I f  the retort  pressure exceeded 0 psig, a n  attached 
a n d  previously evacuated gas-collection cell was then connected t o  the 
retort t o  coll ect a d d i t i o n a l  evolved gas . 

5. Barometric pressure, room temperature, retort pressure, and  produced 
l i q u i d  volumes were recorded periodically. Thawing of the core was con- 
sidered complete when consecutive readings indicated no a d d i t i o n a l  
l i q u i d  o r  gas were being produced. 

..) 

6. Portions of the evolved gas were collected separately from the retort  
and from the gas-collection cell , i f  used. The gas samples were analyzed 
t o  detenine gas gravity and mole percent o f  the various components. 
The volumes of oil  and water collected were also measured. The chloride 
content of the produced water was determined. 

Upon completion of this  phase o f  testing, the sample and i ts  thimble were 
removed from the retort ,  weighed, and  placed i n  a Dean-Stark (toluene 
dis t i l la t ion)  apparatus. The remaining water content of the core, as 
well as some additiona? o i l ,  were removed by toluene distillation. 

7. 

. 
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CORE LABORATORIES,  INC. 
Aboleuol Reservoir Eyjheerug 

DALLAS, T E X A S  76247 

Page 3 o f  27 
We1 1 

F i l  e SCAL-307-80111 
Conoco &CA No. 358 

When d i s t i l l a t i o n  was complete, t he  volume o f  water recovered was mea- 
sured volumetrical ly. The sample and the thimble were removed from the  
Dean-Stark apparatus and placed i n  a vacuum oven a t  2 4 O O F  t o  remove the 
toluene. When drying was complete, t h e  sample and thimble were removed 
from the oven and allowed t o  cool i n  the  presence of a desiccant and 
then reweighed. 

The volume o f  addi t ional  o i l  extracted was determined grav imet r ica l l y  
using the  stock tank o i l  density (corrected t o  room temperature) o f  
0.849 gram/cc as was indicated by analysis o f  t h e  re to r ted  o i l .  The 
volume of water d i s t i l l e d  was corrected t o  r e f l e c t  t h e  equivalent 
volume o f  water having the  same s a l i n i t y  as the  re to r ted  water, as was 
ind icated by the  ch lor ide determination. 

The core was removed from t h e  thimble. A l l  loose grains were removed 
from each segment o f  core, and the segments were encased i n  surgical  
stocking material t o  minimize gra in  loss. These cores were then sub- 
jec ted  t o  fu r the r  ext ract ion using carbon dioxide-charged toluene 
heated t o  180°F t o  ex t rac t  any o i l  s t i l l  remaining i n  the  core. When 
t h i s  ex t rac t ion  process was completed, t he  cores were leached wi th  
carbon d iox ide charged methanol t o  remove the  s a l t  content. The weight 
loss occurring upon ex t rac t ion  was taken as the  weight o f  o i l  removed 
which was converted i n t o  a volumetric value using the  above mentioned 
o i l  density. 

Poros i t ies and horizontal and ve r t i ca l  a i r  permeabil i t i e s  were measured 
on each core segment. 

L iqu id  saturations a t  stock tank condit ions were ca lcu lated using the  
measured t o t a l  pore volume o f  a l l  o f  t he  core segments comprising the  
r e t o r t  sample and the  t o t a l  o i l  and water contents recovered from 
these segments. The volume o f  gas co l lec ted  from the  sample was deter- 
mined from the  known volume o f  the  r e t o r t  and f l u i d - c o l l e c t i o n  system, 
corrected f o r  t he  grain and thimble volumes as wel l  as t he  t o t a l  l i qu id .  
This gas volume was fu r the r  corrected t o  standard conditions. 

. 
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Tracer SamDle Anal vsis Procedures 

1. 

2. 

3. 

4. 

5. 

5. 

. 

A c y l i n d r i c a l  plug was d r i l l e d  from each frozen core segment selected 
fo r  t racer  concentration determinations. The plug was d r i l l e d  concen- 
t r i c a l l y  t o  the  circumference o f  the  core segment and, hence, along 
i t s  v e r t i c a l  axis. L iqu id  ni t rogen was used as the b i t  lubr ican t  t o  
ensure the  core remained a t  the proper cryogenic temperature level .  
The d r i l l e d  plug and the remaining por t ion  o f  the core segment, herein 
a f t e r  re fer red t o  as the  "donut," were labeled and returned t o  the 
freeze chest . 
The plug and donut samples were removed from the freeze chest, quickly 
weighed, and immediately returned t o  the freeze chest f o r  t ransport  t o  
the Dean-Stark (toluene d i s t i l  l a t i o n )  apparatus. Metal ext ract ion thim- 
bles t o  be used w i th  these samples t o  minimize gra in  loss were also 
weighed . 
The plug and donut samples were removed from the  freeze chest, promptly 
inserted i n t o  t h e i r  respective thimbles, and placed i n  t h e i r  ind iv idual  
Dean-Stark sample chambers. The chambers were closed immediately. Heat 
was appl ied t o  the  toluene, and d i s t i l l a t i o n  o f  the  water contents from 
the cores was i n i t i a t e d .  

When d i s t i l l a t i o n  was complete, the  volume o f  water recovered from each 
sample o f  core was recorded. The heat was removed from the  apparatus 
and the samples were allowed t o  cool t o  room temperature whi le  ins ide the 
sample chambers. The water recovered from each sample was transferred 
t o  a glass b o t t l e  which was subsequently sealed. The b o t t l e  and i t s  
contained water were submitted t o  Teledyne Isotopes, Inc., f o r  detenni- 
nations o f  the t r i t i u m  concentration. 

The plug and donut samples were weighed while i n  t h e i r  thimbles t o  
determi ne t h e i r  ind iv idua l  weight loss. 

A l l  loose grains were removed from the plug and donut samples. The 
sampl es, a f t e r  being encased i n  surgical  stocki  ng material, t o  m i  nimi ze 
grain loss, were subjected t o  f u r t h e r  ext ract ion and leaching using 
Copcharged toluene and methanol. The samples were dr ied  and t h e i r  
poros i t ies measured. Water saturat ions f o r  the plug and donut samples 
were calculated from the  volume o f  water, corrected fo; s a l i n i t y ,  
recovered during the toluene d i s t i l l a t i o n .  The a i r  permeabil i ty o f  the 
plug was measured. 
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Full-Diameter Core Analysis Da ta  o f  Pressure-Retai ned Cores 

Stock Tank 
A i  r Permeabi 1 i t y  , md. Pore Grain F1 u id  Saturations, 
Hori ron ta l  Porosity, Volume, Density, Percent Pore S ace 

Depth, fee t  Max. 900 Ver t ica l  Percent cc 1 *  ** Water Descri p t  i on 

. 3692.00-92.55 77 60 12.5 

.3693. 20-94.25 19 19 1.2 

2 3694.25-95.15 21 21 10.8 

13694-25-95.15 1 7  16 6.0 
cn 

03695.15-96.60 1.5 1.4 <0.01 

3696.60-97.55 4.0 3.7 0.60 

3697 55-98.50 10 0 1 0 <O. 01 

3697.55-98.50 0.57 0.52 0.14 

' 3698.50-99.30 0.32 0.20 <0.01 

3699.30-3700.15 0. 21 0.17 <Om01 

3700.15-00. 95 32 31 16 

- *By pressure deplet ion 
**Total O i l  

, 13.0 

11.2 

11.7 

12.1 

4.7 

8.3 

6.8 

4.8 

5.3 

14.3 

44.7 

60.9 

82.0 

83.2 

37.3 

70.0 

52.7 

33.7 

29.1 

63.1 

2.81 0.0 16.1 

2.78 2.6 30.6 

2.77 0.0 21.3 

2.79 1.1 31.5 

2.78 4.6 21.3 

2.77 2.3 16.0 

2.81 7.6 23.4 

2.81 22.3 41.7 

2.79 24.4 52.0 

2.70 0.0 13.2 

58.8 

58.0 

72.5 

61.7 

62.4 

71.3 

59.4 

48.2 

43.8 

71.2 

Ss, tan, v j f n  gr ,  s l /calc,  mod/ 
indurated, dns, dolo 
Ss, tan, v / fn  gr, s l /calc,  mod/ 
i ndurated, dns, dolo 
Ss, tan, v / fn  gr ,  s l /calc,  mod/ 
indurated, dns, dolo 
Ss, tan, v / fn  gr, s l /calc,  mod/ 
indurated, dns, dolo 
Ss, tan, v / fn  gr, s l /ca lc ,  mod/ 
i ndurated , dns , dolo 
Ss, tan, v / fn  gr ,  s l /calc,  mod/ 
indurated, dns, dolo 
Ss, tan, v / fn  gr ,  clayey,? mod/ 
i ndurated, dns, anhy 
Ss, gry, f n  gr, calc, mod/ 
indurated dns, dolo 
Ss, gry, f n  gr, calc, mod/ 
indurated dns, dolo 
Dolo, gry, f n  xln, calc, mod/ 
indurated, dns, 
Dolo, gry, f n  x ln,  calc, mod/ 
indurated, dns, 
Ss, gry, v / f n  gr ,  clayey, mod/ 
indurated, dns, s l t y  

These a n a l y s i s .  o p i n i o n s  or i n t e r p r e t a t i o n s  are  based o n  o b s e r v a t i o n s  and n d t e r i d l  s u p p l i e d  by t h e  c l i e n t  to whom, dnd for whose 
e r c l u s i v a  rnd c o n f i d e n t i a l  u s e ,  t h i s  report  i s  made. The i n t e r p r e t a t i o n s  or o p i n i o n s  e x p r e s s e d  r e p r e s e n t  t h e  b e s t  judgement O f  
Core h b o r a t u r i e e ,  Inc .  ( a l l  errors and omiss ions  e x c e p t e d ) ;  but  Core Ldborator ie s ,  Inc .  and i t s  officers and employees ,  assume 
no r e s p o n s i b i l i t y  and make no warranty or r e p r e s e n t a t i o n s  as to t h e  p r o d u c t i v i t y ,  proper o p e r a t i o n ,  or p r o f i t a b l e n e s s  of any O i l ,  

. , ,  , .  . . .  . 0 .--....- A . . r r . . .  . . .  . )  
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Depth, feet  

3700.95-01 50 

3701 50-02. 30 

3702.30-03.05 

4 ,3703.05-04.05 

3704.05-04. 90 

3704.90-05. 75 

3705.75-07 00 

3 7 16.00-1 6.80 

3 7 16 80-1 7 65 

37 17 65-1 8045 

371 7.65-18.45 

3718.45-19.25 

Q, 
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Well Conoco MCA No. 358 

F i l e  SCAL-307-80111 

Ful l -Di  ameter Core Analysis Data  o f  Pressure-Retained Cores 
I. 4 1  

1 ) .  ha ' . '  
*~ 

Stock Tank 
A i r  Permeabil ity, md. Pore Grain F1 u id  Saturations, 
Hori ron ta l  Porosity , Vol ume, Density , Percent Pore Space 

god Max . Vert ica l  Percent cc gm/cc O i l *  O i l * *  - Water Descri p t  ion -- 
29 

26 

16 

7.7 

0.25 

<O.Ol 

0.20 

0.80 

0.15 

0.03 

0.02 

<o. 01 
I 

- *By pressure deplet ion 
**Total o i l  

28 

25 

16 

7.6 

0.23 

<O.Ol 

0.18 

0.60 

0.12 

<o. 01 
<0.01 

<o. 01 

21 

10 

7.0 

2. 5 

<o. 01 
<o. 01 
<o. 01 
0.36 

<o. 01 
<00 01 

<o. 01 
<o. 01 

13.1 

12.4 

10.2 

8.9 

4.2 

4.2 

6.3 

9.7 

5.7 

0.9 

0.8 

59.1 

85.6 

62.6 

74.0 

32.7 

29.8 

45.6 

48.3 

41.7 

6.7 

4.1 

2.68 

2.68 

2.69 

2.71 

2.75 

2.81 

2.77 

2.73 

2.74 

2.88 

2.86 

0.0 

0.0 

0.0 

0.0 

10.1 

5.7 

4.1 

0.0 

4.1 

0.0 

0.0 

16. 2 

20.1 

20.0 

16.1 

35.6 

41.6 

30. 8 

17.2 

32.5 

29.0 

29.3 

73.2 

70.1 

70.0 

75.8 

50.5 

44.6 

63.0 

76.1 

62.3 

50.3 

48.8 

Ss, gry, v/fn gr ,  clayey, mod/ 
indurated , dns , s l  t y  
Ss, gry, v / fn  gr, clayey, mod/ 
indurated , dns , s l  t y  
Ss, gry, v / fn  gr,  s l /ca lc ,  mod/ 
indurated, dns, dolo 
Ss, gry, v/ fn gr, c1ayey, mod/ 
indurated, dns, s l  t y  
Dolo, gry, f n  xln, calc, wel l  
indurated , dns 
Dolo, gry, f n  xln, calc, wel l  
indurated , dns 
Dolo, gry, f n  xln, s l /calc,  
we1 1 /indurated, dns 
Ss, gry, v/fn gr, s l /calc,  mod/ 
indurated , dns , dolo 
Ss, gry, v / fn  gr, calc, mod/ 
i ndurated , dns , dolo 
Dolo, gry, f n  xln, s l /ca lc ,  
wel l  indurated, dns 
Dolo, gry, f n  x ln,  calc, we11 
indurated, dns 
Dolo, gry, f n  xln, s l /ca lc ,  
well/ indurated, dns 

L 



E_1 
- L J ~ l i J u u u E - J I L J u I l l h J m & - - J ~  

- -c CORE LABORATORIES, INC* 
Atmhma Rewvou E p u e r t n g  

DALLAS, TEXAS 7 6 Z 4 7  

Full-Di ameter Core Analysis Data o f  Pressure-Retai ned Cores 
( * L I  * ' . '  

Stock Tank 
A i r  Permeabil ity, md. Pore Grain F1 u id  Saturations, 
Horizontal Porosi ty  , Vol ume, Densi t y  , Percent Pore Space 

1 * O i l * *  Water gm/cc 0 '1 - Depth, feet  Max. 90d Ver t ica l  Percent cc 

3718.45-19.25 0.05 <0.01 

3719.25-20.05 <0.01 <0.01 

3720.05-20.75 <0.01 <0.01 

3720.75-21.80 0.09 0.06 

3720.75-21.80 0.08 0.04 
4 

3721.80-22.50 0.05 0.02 

3722.50-23. 25 0.05 <O. 01 

3723.25-24.00 

3724.00-25.00 0.11 0.06 

3725.00-25.90 <0.01 <0.01 

3725.90-26.50 0.42 00 20 

3726.50-27.15 0. 13 00 12 

. , I  

- *By pressure deplet lon 
**Total o i l  

<o. 01 

<o. 01 

<o. 01 

<o. 01 

<0.01 

<o. 01 

<o. 01 

<0.01 

<o. 01 

<o. 01 

<o. 01 

0.9 

0.8 

1.5 

1.6 

3.0 

4.0 

3.1 

4.8 

5.3 

6.1 

4.6 

13.4 

7.1 

19.4 

27.9 

26.1 

25.4 

28.9 

2.86 

2.88 

2.05 

2.82 

2.79 

2.74 

2.74 

2.74 

2.72 

0.0 

0.0 

0.0 

0.0 

0.0 

5.7 

7.7 

18.5 

22.5 

Page 7 o f  27 
We1 1 Conoco MCA No. 358 
F i l e  SCAL-307-80111 

Descri p t  i on 

Dolo, tan, fn x ln,  s l /calc,  
well/ indurated, dns 1: 

Dolo, gry, f n  x ln,  s l /calc,  
we1 1 /indurated , dns 
Dolo, gry, f n  x ln,  s l /ca lc ,  
we1 1 /indurated , dns 
Dolo, gry, f n  x ln,  s l /ca lc ,  
well/ indurated, dns 
Dolo, tan, med xln,  s l /calc,  
we1 l / indurated, dns 
Dolo, tan, f n  x ln ,  s l /ca lc ,  
wel l  indurated, dns ' 

Dolo, tan, f n  x ln,  s l /ca lc ,  
we1 1 /indurated , dns 
No analysis, no recovery 

Ss, tan, v / f n  gr ,  s l /calc,  
mod/indurated, dns, dolo 
Ss, tan, v / fn  gr, s l /ca lc ,  
mod/indurated, dns, dolo 
Ss, tan, v / fn  gr,  s l /ca lc ,  
mod/ i ndurated , dns , dol o 
Ss, tan, v / fn  gr, s l /ca lc ,  
mod/indurated, dns, dolo 

L 

These analysis, opinions or interpretations are bdsed on observations drid material supplied by the client to whom, and for whose 
axClUSiVe arid confidential use, thin report is made. The interpretations or opinions expressed represent the best judgeornt Of 

Core bbordtoriee, Inc. (a11 errors and omissions excepted); but Core bbOrdtOrieS, Inc. and its officers and employees, dsSu.la 
no responsibility and rake no WdrpUIty (,r representations ae to the productivity, pmper operation, oc profitableness of any oil, 
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Conoco MCA No. 358 

Full-Diameter Core Analysis Data o f  Pressure-Retained Cores 
I. 4 I 

A .  
( b L ,  " . '  

Stock Tank 
A i r  Permeabil ity, md. Pore Grain F1 u i d  Saturations, 
Horizontal Porosity, Volume, Density, Percent Pore S ace 

Depth, feet  Max. 90" Vert ica l  Percent cc i * i ** Water Descript ion 

3727.15-27.95 0.12 0.05 

3727.95-28. 75 <O. 01 (0.01 

3728.75-29.40 0.25 0.25 

3729.40-30.00 0.98 0.96 

3730. 00-30.80 0.51 0.50 

3730.80-31.95 0.56 0.53 

3730.80-31.95 0.67 0.67 

3803.00-03.45 2.5 2.0 

3803.45-04.10 0.50 0.12 

3804.10-07.10 7.2 3.8 

3804.10-07.10 1.9 1.5 

3804.10-07.10 4.3 2.7 

00 

. . I  

*By pressure deplet ion 
**Total o i l  

0.15 

<o. 01 

<o. 01 

0.18 

0.23 

0.11 

0.14 

0.57 

0.19 

2.0 

0.16 

2.4 

2.7 12.0 2.78 

1.8 12.9 2.82 

6.3 34.0 2.71 

8.2 44.3 2.71 

7.2 49.0 2.71 

8.8 65.7 2.70 

8.7 30.4 2.90 

2.8 15.0 2.90 

7.9 60.6 2.89 

0.0 

0.0 

5.6 

0.0 

0.0 

0.0 

4.3 

3.3 

7.8 

54.3 

29.5 

22.8 

13.1 

14.7 

10.4 

57.0 

29.2 

31.1 

30.8 

45.7 

68.3 

72.3 

77.0 

80.6 

Ss, tan, v / fn  gr ,  s l /ca lc ,  mod/ 
i ndurated , dns , dolo 
Dolo, tan, f n l y  xln, calc, wel l  
1 ndurated , dns 
Ss, tan, v / fn  gr ,  clayey, mod/ 
indurated, dns, s l  t y  
Ss, tan, v / fn  gr,  clayey, mod/ 
indurated , dns , s l  t y  
Ss, tan, v / fn  gr,  clayey, mod/ 
indurated, dns, s l  t y  
Ss, tan, v / f n  gr, clayey, mod/ 
indurated , dns , sl t y  
Ss, tan, v / fn  gr, clayey, mod/ 
indurated , dns , s l  ty  
Dolo, tan, f n l n  xln, calc, wel l  
indurated, vug 
Dolo, tan, med xln, calc, wel l  
indurated, dns 
Dolo, tan, med xln,  calc, wel l  

' indurated, dns 
Dolo, tan, f n l y  xln, calc, wel l  
indurated , dns 
Dolo, tan, f n l y  xln, calc, wel l  
indurated , dns 

29.2 

53.5 

50.4 

4 
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Well Conoco MCA No. 358 
F i  1 e SCAL-307-80111 

Full-Diameter Core Analysis Data o f  Pressure-Retained Cores 
, I . , . ,  ' . I. 4 I '. 

Depth, fee t  

3807 10-07 60 

3807.60-08.40 

3808.40-09.75 

+ 3808.40-09.75 

3809.75-10.45 

3810.45-11.20 

3811.20-12.20 

381 1.20-12.20 

3812.20-13.20 

381 2.20-1 3.20 

3813.20-13.95 

3813.95-15.10 

4 
Eo 

A i  r Permeabi 1 i t y  , md. 
Horizontal 
Max . 90" Vert ica l  -- 

5.6 4.0 6.3 

4.7 4.4 1.8 

19 16 14 

2.2 1.8 1.4 

1.3 1.1 <O.O1 

29 24 23 

11 8.5 10 

' 17 7.7 18 

11 5.3 15 

0.79 0.39 2.9 

2.6 2.5 2.3 

1.0 1.5 0.53 

. ' I  

*By pressure depl e t  i on 
**Total o i l  

Porosi ty , 
Percent 

8.5 

11.0 

10.4 

4.6 

10.5 

9.8 

8.4 

6.6 

9.0 

Pore 
Vol urne, 

cc 

32.6 

76.1 

77.5 

26.6 

38.9 

61.8 

67.9 

44.0 

62.4 

Grain 
Density , 
gm/cc 

2.90 

2.88 

2.89 

2.84 

2.83 

2.87 

2.84 

2.87 

2.86 

Stock Tank 
F1 u id  Saturations, 
Percent Pore Space 
O i l *  O i l * *  Water 

3.4 29.9 52.4 

11.0 37.4 51.4 

8.8 31.0 50.3 

11.7 41.8 49.7 

3.3 22.6 57.9 

9.7 37.4 48.7 

19.6 50.9 37.3 

21.4 49.8 35.0 

19.6 46.7 28.6 

Descri p t  i on 

Dolo, tan, f n l y  x ln,  calc, wel l  
indurated , dns 
Dolo, tan, f n l y  x ln,  calc, well  
indurated, vug 
Dolo, tan, f n l y  x ln,  calc, wel l  
indurated , vug 
Dolo, tan, f n l y  xln, calc, wel l  
indurated , vug 
Dolo, tan, f n l y  xln, calc, wel l  
indurated, vug 
Dolo, tan, f n l y  xln, calc, well  
indurated, vug 
Dolo, tan, fnly xln, calc, well 
indurated, vug 
Dolo, tan, f n l y  x ln,  calc, wel l  
indurated, vug 
Dolo, tan, f n l y  x ln,  calc, wel l  
indurated, vug 
Dolo, tan, med xln,  calc, wel l  
indurated , vug 
Dolo, tan, med xln,  calc, wel l  
indurated, vug 
Dolo, tan, med xln, calc, well  
indurated vug 

I 

These a n a l y s i s .  o p i n i o n s  or i n t e r p r e t a t i o n s  a r e  based o n  o b s e r v a t i o n s  and I lwter ldl  s u p p l i e d  by t h e  c l i e n t  to whom, and f o r  whose 
e X C l W i V e  aibd c o n f i d e n t i a l  u s e ,  t h i s  report is  made. The i n t e r p r e t a t i o n s  or o p i n i o n s  expressed  r e p r e s e n t  t h e  bes t  j u d g e w n t  of 
Core Lsborator iee ,  I n c .  (a11 errups and omistiions e x c e p t e d ) ;  but Core Laborator ie s .  I n c .  dnd its  o f f i a e r 6  dnd employees ,  ass- 
no r e s p o n s i b i l i t y  and make no warranty or rept*esentat ior \s  as  t o  t h e  p r o d u c t i v i t y ,  proper o p e r a t i o n ,  or ppofit4hbhna.e Of any O i l ,  
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Depth, feet  

3813.95-15.10 

3815. 10-15.85 

3815.85-16.55 

3816.55-17.70 
0 

3816.55-17.70 

3816.55-17. 70 

3817.70-18.20 

3818.20-18.70 

3818.20-18.70 

4043.00-43.45 

4043.45-44. 85 

Page 10 o f  27 
Well Conoco MCA No. 358 
F i l e  SCAL-307-80111 

( C h v  ” . ’  Full-Diameter Core Analysis Data o f  Pressure-Retained Cores > .  

~, 1. 4 I 

A i  r Permeabi 1 i t y  , md. 
Horizontal Porosi t.y , Val ume, 

Pore 
~ 

r -- Max. go9 Ver t ica l  Percent - cc 

0.91 0.86 

1.5 0.39 

0.60 0.21 

0.82 0.38 

1.2 0.41 

0.84 0.72 

0.18 0.18 

0.57 0.21 

1.2 0.10 

8.8 6.3 

13 11 

0.53 

0.16 

0.20 

<o. 01 

<o. 01 

0.14 

<o. 01 

<O.Ol 

2.1 

7.3 

3.7 

- *By pressure deplet ion 
**Total o i l  

5.5 

4.7 

2.0 

5.2 

2.0 

80 6 

10.7 

24.6 

25.0 

10.2 

14.9 

6.8 

27.1 

63.4 

Stock Tank 
Grain F lu id  Saturations I 

Density , Percent Pore Space 
gmjcc -er Descript ion - 

2.85 

2.86 

2.86 

2.86 

2.85 

2.85 

2.86 

24.4 

16.4 

0.0 

23.5 

0.0 

9.6 

13.7 

49.6 

51.3 

28.8 

50.9 

28.4 

25.5 

29.1 

Dolo, tan, med xln,  calc, wel l  
indurated, vug 
Dolo, tan, med x ln ,  calc, w e l l  
indurated, vug. 
Dolo, tan, med xln,  calc, wel l  
indurated, vug 
Dolo, tan, med xln,  calc, wel l  
indurated, vug 
Dolo, tan, med xln,  calc, wel l  
indurated, vug 
Dolo, tan, med xln, calc, wel l  
indurated, vug 
Dolo, tan, med xln, calc, wel l  
indurated , vug 
Dolo, tan, med xln, calc, wel l  
indurated , vug 
Dolo, tan, med xln, calc, wel l  
indurated, vug 
Dolo, tan, f n l y  xln, calc, wel l  
indurated, vug, anhy 
Dolo, tan, f n l y  xln, calc, well  
indurated , vug, anhy 
Dolo, tan, f n l y  x ln,  calc, well  
indurated , f rac , anhy 

35.7 

40.3 

62.9 

33.8 

68.1 

61.8 

59.9 

L 
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Well Conoco MCA No. 358 
F i l e  SAL-307-80111 

Ful l -Di  ameter Core Analysis Data o f  Pressure-Retained Cores 
(L,., . ' . '  

Stock Tank 
A i r  Permeabil ity, md. Pore Gra i n F1 u id  Saturations , 
Horirontal Porosity , Vol ume, Density , Percent Pore Space 

Depth, fee t  ha X. 9 W  Ver t ica l  Percent cc - gm/cc Oil* O i l  WzS Descript ion ** - 
4044.85-46.10 5900 .177 246 

4044.85-46. 10 6420 44 84 

1044.85-46. 10 6950 4.7 72 
c 

4046.10-47.15 53 52 80 

P4046. 10-47.15 40 38 57 
P 
00 

4047.15-480 30 55 38 161 

4047.15-48.30 -29 28 18 

2.5 1.2 . 1.5 
. *  

4oI8.30-49. 05 

4049.05-50.25 6.0 0.91 0.42 

4049.05-50.25 6.0 1.4 7.3 

4050.25-50. 95 7.5 5.0 4.1 

4051.00-52.40 59 57 100 

. ' I  

. *By pressure deplet ion I 

**Total o i l  

14.9 

14.3 . 

14.2 

, 6.9 

6.8 

8.3 

8.0 

57.8 

97.5 

120 

42.7 

44.4 

31.0 

95.5 

2.80 

2.89 

2.86 

2.85 

2.86 

2.87 

2.83 

3.5 

3.1 

4.4 

9.4 

2.9 

8.7 

1.1 

26.5 

24. 7 

27.8 

19.6 

14.2 

27.6 

14.6 

66.9 Dolo, tan, f n l y  xln, calc, wel l  
indurated, f rac , anhy 
Dolo, tan, f n  x ln,  calc, well 
indurated , frac , anhy 
Dolo, tan, f n  x ln,  calc, well 
indurated , frac , anhy 
Dolo, tan, f n  x ln,  Cdlc, we11 
indurated , vug , anhy 
Dolo, tan, f n  x ln ,  calc, we11 
indurated , vug anhy 
Dolo, tan, f n  x ln,  calcI we11 
i ndurated , f rac , anhy 
Dolo, tan, f n  x ln,  calc, well 
indurated, vug , anhy 
Dolo, tan, f n  x ln ,  talc, we11 
indurated, vug , anhy 
Dolo, tan, f n  xln, calc, well 
indurated, vug , anhy 
Dolo, tan, f n  x ln,  calc, well 
indurated, vug , anhy 
Dolo, tan, f n  x ln ,  calc, we11 
indurated, vug, anhy 
Dolo, tan, f n  x ln,  calc, well 
indurated, vug, anhy 

59.9 

60.8 

71.3 

73.7 

61.9 

73.7 

I 

Thoro .nalyOio. opinion. or intorprotations are based oil observations anti mterirl  suppllud by the cliont to whom, and f o r  Whof-0 
oxcluoive ond confideotial uoe, thio -port i o  -de. The interpretations or opinions expressed npreront the best judgement Of 
COP. bboratorioo. Inc. (411 orwrs and omisoion~ excepted); but C o n  Laboratories, Inc. and its officoro and erployees, a6.U-e 
no reoponsibility and u k o  no warrmty or reprooontstions 40 to tho productivity, p r o r r  opuratlon, or profifcbhn.om Of any 041, - - -  -- -*L-- - ; - - - - I  u-11 nr -and 4n rnnnrrtinn uirh  vhlch much m w m t  10 used Or -1 ad Upon. 
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Well Conoco MCA No. 358 
F i l e  SCAL-307-80111 

Full-Diameter Core Analysis Data o f  Pressure-Retained Cores 
I L L ,  * ' .  I .  4 I '  

A .  

Stock Tank 
A i r  Permeabil ity, md. Pore Grain F1 u id  Saturations, 
Horizontal Porosity, Vol ume, Density, Percent Pore Space 

cc gm/cc O i l *  O i l * *  Water Descri p t  i on Depth, fee t  Max. 9Qd Vert ica l  Percent - 
4052.40-52.90 

4052.90-53.75 

4053.75-54.30 

4054.30-54.95 

s4054.95-55.40 
w 
00 

4055.40-56.10 

4056.10-57.10 

4057.10-58.25 

4058.25-59.00 

4058.25-59.00 

4059*00-60.10 

4059.00-60.10 

64 

99 

121 

22 

3.1 

5.6 

0.88 

3.8 

50 

16 

2.4 

4.4 

60 

94 

74 

19 

3.0 

1.4 

0.62 

2.4 

48 

1.8 

2.1 

4.2 

17 

82 

214 

3.1 

3.3 

3.0 

0.49 

2.3 

51 

**+ 

0.47 

2.1 

10.3 

11.2 

12.5 

7.6 

6.6 

7.6 

3.9 

3.7 

9.1 

5.0 

41.0 

84.0 

53.2 

30.3 

23.9 

53.9 

25.1 

29.8 

44.8 

15.5 

2.83 

2.83 

2.83 

2.85 

2.86 

2.86 

2.85 

2.83 

2.86 

2.87 

0.0 

0.0 

0.0 

0.0 

0.0 

7.4 

0.0 

0.0 

0.0 

0.0 

11.8 

13.0 

8.0 

11.4 

14.1 

14.0 

8.9 

12.7 

7.6 

25.9 

80.6 

79.2 

78.3 

76.2 

71.1 

73.6 

82.9 

76.5 

78.3 

71.7 

Dolo, tan, f n  xln, calc, wel l  
5 ndurated, vug, anhy 
Dolo, tan, fn xln, calc, wel l  
1 ndurated, vug , anhy 
Dolo, tan, f n  xln, calc, wel l  
indurated, vug a anhy 
Dolo, tan, f n  x ly ,  calc, wel l  
i ndurated, vug , anhy 
Dolo, tan, f n  x ly ,  calc, wel l  
indurated, vug, anhy 
Dolo, tan, f n  x ly ,  calc, we11 
indurated, vug, anhy 
Dolo, tan, f n  x ln,  calc, wel l  
indurated, vug, anhy 
Dolo, tan, f n  xln, calc, wel l  
indurated, vug, anhy 
Dolo, tan t o  gry, f n  xln, calc, 
well indurated, vug 
Dolo. tan t o  gry, f n  x ln,  calc, 
w e l l  indurated, vug, anhy 

'Dolo, tan, f n  xln, calc, w e l l  
indurated , vug 
Dolo, tan t o  gry, f n  x ln,  calc, 
well indurated, vug 

*By pressure deplet ion' " 
# 

**Total o i l  
+**Open ve r t i ca l  f rac tu re  

These dndlySi6. opinione or interpretations dre bdsed 011 observations and mterfa l  supplied by the client to whom, d.4 for whose 
exclusive and confidential u ~ e ,  thir report is -de. The interpretations or opfnione expressed its represent officers and the best employees. judge lea. Inc. (all errors and omissions excepted); ore Ldborato 

e productrvi 
lc7 

ity ke-arr r r  dS 
L P I  ,Bn"mmlsrn 



Depth, feet 

4060.10-61.20 

$060.10-61.20 

4060, 10-61.20 

w 4061 20-62 00 

4062.00-64.00 

6064 e 08-6 9 o 00 

4067 00-67 90 

4067.00-67.90 

4067090-68075 

4067.90-68.75 

00 
w 
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Well Conoco MCA No. 358 
F i 1 e SCAL- 307 -801 1 1 

Full-Diameter Core Analysis Data  o f  Pressure-Retained Cores 
, e l . ,  a ' :  ,, I* 4 I 

Stock Tank 
A i r  Permeabil ity, md. Pore Grain F1 u id  Saturations, 
Flori ronta l  Porosity , Vol ume Densi ty , Percent Pore Space 

i 1 ** Water Max . 96' Vert ica l  Percent cc gm/cc O i l *  0 - -- 
A i r  Permeabil ity, md. Pore Grain F1 u id  Saturations, 
Flori ronta l  Porosity , Vol ume Densi ty , Percent Pore Space 

i 1 ** Water Descri p t  i on Max . 96' Vert ica l  Percent cc gm/cc O i l *  0 - -- Descri p t  i on 

4.5 3.3 2.9 4.0 20.1 2.87 7.0 25.7 68.9 Dolo, tan t o  gry, f n  xln, calc, 

0.94 0.82 0.26 Dolo, tan t o  gry, fn  xln, calc, 

1.7 0.92 0.35 Dolo, tan t o  gry, f n  xln, calc, 

0.32 0.28 0.20 2.4 12.9 2.86 6.2 27.4 68.9 Dolo, tan t o  gry, f n  x ln ,  calc,  

well l indurated, vug 

we1 1 /indurated , vug , anhy 

we1 1 /indurated , vug , anhy 

T' well,  indurated, vug, anhy 
No analysis, h igh ly  broken 

No anal y s i  s no recovery 

20 5.9 22 5.8 28.4 2.90 3.9 19.1 57.9 Dolo, tan t o  gry, f n  x ln ,  calc, 

1.3 1.2 0.63 Dolo, tan, f n  x ln,  C b l C B  w e l l /  

0048 0.30 0.24 3.1 15.0 2.85 0.7 24.1 67.1 Dolo, tan, f n  x ln,  calc, we l l /  

1.1 0.89 1.5 Dolo, tan, fn xln, calc, m11/ 

we1 1 /i ndurated , vug , anhy 

indurated, vug, anhy 

indurated, vug, anhy 

. indurated, vug. anhy 
4068.75-690 85 3830f+* 3. 1 1380*** 4.2 19.0 2.85 4.7 16.0 67.3 Dolo, tan; fn-xln, calc, w e l l /  

4068.75-69. 85 3. 3 1.9 2.4 Dolo, tan, f n  xln, calc, w e l l /  

**Total o i l  

indurated , vug 

. indurated, vug, anhy 
*By pressure deplet ion,  

***Open ve r t i ca l  f rac tu re  

# 

Thane analysir, opinionr or interpretations are based on observa1iot')s and material supplied by the client to whom. and for whoso 
e*CluSivL and confidential u.0, thia report is made. 
Core laboratories, Xnc. (411 errors and omistiions erceptedli but Core Laborst~riea. Inc. and its officoro and OBploYee., 
no rorponsibillty and mako no warranty or repserentatione a0 to the productivity, proper oparation, or profitablonerr of any Oil, 

The interpretations or opinion0 expressed roprerent tha best judg0-n' Of 

:---- '---.a-*.--... I - -~_.. .L.(~-*~-~.-*  ......,,..* 4. ,-,- "-1 ( - A  ---_- 



Depth, f ee t  

4069.85-7 1 00 

4FJ69e 85-71.00 

4071.00-72.00 

~4072.00-73.30 
00 
A 

4072.00-73.30 

407 3 30- 74 00 

4074.00-74. 75 

4084.00-85. 00 

4085 00-86 20 

4085.00-66.20 

4086.20-87.20 

4086.20-87. 20 

CORE LABORATORIES, I N C .  
Abohw, Resrrvov l!?I@UIIVyJ 

DALLA3, TEXAS 76247 
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Well Conoco MCA No. 358 
F i  1 e SCAL-307-80111 

Full-Diameter Core Analysis D a t a  of Pressure-Retained Cores 
( b l . +  " . '  

8. .I I -. 

Stock Tank 
A i r  Permeabil ity, md. Pore Grain F lu id  Saturations, 
Nor i  zontal Porosity , Vol ume, Densi t y  , Percent Pore Space 

1 * O i l * *  Water Descri p t  i on r Vert i cal  Percent CC gm/cc 0 '1 - -- 
160 19 263 

35 33 33 

46 38 11 

38 27 35 

14 11 6.2 

31 23 32 

25 8.0 13 

12 9.9 2.4 

4a 40 25 

9.9 9.7 9.6 

16 15 16 

11 9.2 15 

. ' I  

. *By pressure deplet ion 
**Total o i l  

11.2 64* 2 

9.9 48. a 
9.4 65.5 

11.4 41.5 

9.4 50.9 

8.2 42.9 

12.9 94.8 

2.83 4.1 25.7 61.2 

2. a5 2.1 16.8 72.3 

2.87 2.0 28.4 68.0 

2.86 2.2 24,O 72.0 

2.85 5.3 24.2 63.9 

2.87 1.8 11.3 82.4 

2.88 0.3 10.9 76.7 

13.3 84.0 2.86 0.1 17.2 68.7 

Dolo, tan, fn x ln,  calc,  we11 
indurated , vug, anhy 
Dolo, tan, f n  x ln,  calc, well  
indurated, vug 
Dolo, tan, fn x ln,  calc, well  
indurated, vug 
Dolor tan, f n  x ln,  calc, wel l  
indurated, vug 
Dolo, tan, f n  xln, calc, well 
indurated, vug 
Dolo, tan, f n  x ln,  calc, well  
indurated , vug 
Dolo, tan, f n  xln, calc, we11 
indurated , vug 
Dolo, tan, f n  x ln,  calc, wel l  
indurated , dns 
Dolo, tan, f n  x ln,  calc, wel l  
indurated, dns 
Dolo, tan, f n  xln, calc, we11 
i ndura ted , dns 
Dolo, tan, f n  xln, calc, we11 
indurated , dns 
Dolo, tan, f n  xln, calc, wel l  
indurated , dns 

* 

These analysis, opiriions or interpretations are based on observations and material supplied by the client t o  whon, and for ohose 
Fxclusiva and confidential use, this report is made. 
Cepebboratoriea Inc. (all errors and o m s  enc re 

The interpretations or ed represent the be5 
its officors and emp 

blo - 
e r 3  

----*..'-!Mm.L., pp tat vr a t i  
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Well Conoco MCA No. 358 

F i  1 e SCAL-307-80111 

Full-Diameter Core Analysis Data o f  Pressure-Retained Cores 
4 I. I I 

I L  I., ’ ; 
1. 

Stock Tank 
A i r  Permeabil ity, md. Pore Grain F lu id  Saturations, ’ 

Horizontal Porosity , Vol ume, Density , Percent Pore Space 
cc gm/cc O i l *  O i l * *  Water Descri p t  i on Depth, fee t  Max. 906 Ver t ica l  Percent - 

4086.20-87.20 9.1 8.8 

4087.20-88.00 12 11 

4088.00-89.05 9.1 8.3 

:$088. 00-89.05 10 7.2 
m 

4088.00-89.05 11 10 

4088.00-89.05 31 26 

4089.05-90.40 9.6 8.6 

4089.05-90.40 28 26 

4089.05-90.40 30 24 

4089.05-90.40 28 27 

4090.40-91.40 14 11 

4091.40-92.00 34 22 

*By pressure depletion. I 
**Total o i l  

9.8 

12 

8. 6 

11 

12 

21 

19 

29 

36 

30 

7.3 

29 

Dolo, tan, f n  xln, calc, w e l l  
indurated , dns 

13.4 93.2 2.85 0.6 15.2 68.3 Dolo, tan, f n  xln,  calc, wel l  
indurated, dns 

11.0 57.3 2.87 0.4 13.7 76.0 Dolo, tan, f n  xln, calc, well  
i ndurated , dns 
Dolo, tan, f n  x ln,  calc, wel l  
indurated, dns, anhy 
Dolo, tan, f n  x ln,  calc, w e l l  
indurated, vug , anhy 
Dolo, tanp f n  x ln,  ca’lce w e l l  
indurated , vug , anhy 

11.9 85.7 2.87 0.6 10.4 81.3 Dolo, tan, f n  x ln ,  calc, well  
indurated, vug, anhy 
Dolo, tan, f n  x ln,  calc, wel l  
indurated, dns, anhy 
Dolo, tan, f n  x ln,  calc, we11 
indurated , dns 
Dolo, tan, f n  xln, calc, wel l  
indurated , vug , anhy 

12.5 104.1 2.87 2.3 12.3 80.8 Dolo, tan, f n  x ln ,  calc, w e l l  
indurated , vug , anhy 

11.9 41.1 2.88 0.1 8.5 79.4 Dolo, tan, f n  x ln ,  calc, well  
indurated, vug, anhy 

* 

These analysin, opiriions or interpretations are based on observations arid mdterial supplied by the client to whom, and for whose 
exclueive and confidential use, this report is made. The interpretations 01’ opinions expressed represent the best judgement of 
Core Laboratories, Inc. (a11 errors and omissions excepted); but Core Laboratories, Inc. and its officers and employees. assume 
no responsibility and M k e  no warpanty or representations as to the productivity, proper operation, or pr-ofitsblenens Of any O i l ,  . .  
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Well Conoco MCA No. 358 

F i l e  SCAL-307-80111 

Full-Diameter Core Analysis Data  o f  Pressure-Retained Cores 
, I* 1 t '  

( I . ) . .  ". '  

Stock Tank 

O i l * *  Water Descri p t  i on 

A i r  Permeabil ity, md. Pore Grain F lu id  Saturations, 
M o r i  zontal Porosi t y  , Vol ume, Density , Percent Pore Space 

Depth, f ee t  Max. god Ver t ica l  Percent cc gm/cc O i l  - 
4092 00-92 60 

4092.00-92.60 

4092.60-93.20 

4093.20-93.90 

4093.90-94.90 

4093.90-94.90 

4094.90-95.95 

4094.90-95.95 

4095.95-97.10 

4095.95-97.10 

00 
Q, 

4095.95-97. 10 

4095.95-97.10 

31 

11 

11 

21 

13 

7.0 

21 

21 

19 

13 

26 

17 

*By pressure deplet ion 
**Total o i l  

22 

9.6 

11 

16 

13 

5.0 

20 

17 

9.9 

13 

21 

14 
i ' I  

30 

13 

10 

8.0 

15 

6.0 

15 

12 

52 

14 

7.7 

22 

11.0 48.9 2.86 0.0 

10.9 46.8 2.87 0.0 

12.1 70.2 2.89 2.1 

10.6 77.5 2.86 2.3 

10.9 59.3 2.87 2.7 

11.2 71.4 2.86 1.1 

13.2 

15.1 

12.1 

11.7 

15.8 

18.8 

76.1 Dolo, tan, f n  xln, calc, well  
indurated, vug 
Dolo, tan, f n  xln, calc, well  
indurated, vug 
Dolo, tan, f n  xln, calc, well  
indurated, vug 
Dolo, tan, f n  xln, calc, well  
indurated, vug , anhy 
Dolo, tan, f n  x ln,  calc, we11 
indurated, vug, anhy 
Dolo, tan, fn x ln,  calc, well  
indurated , vug, anhy 
Dolo, tan, f n  x ln,  calc, we11 
indurated , vug, anhy 
Dolo, tan, f n  x ln,  calc, well  
indurated, vug, anhy 
Dolo, tan, f n  xln, calc, wel l  
indurated, vug, anhy 
Dolo, tan, f n  x ln ,  calc, wel l  
indurated , vug, anhy 
Dolo, tan t o  gry, f n  xln, calc, 
we1 1 /indurated , vug , anhy 
Dolo, tan, fn, x ln,  calc, we11 
indurated, vug, anhy 

70.3 

73.9 

81.3 

72.7 

72.9 

t 
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Well Conoco MCA No. 359 
F i l e  SCAL-307-80111 

Full-Diameter Core Analysis D a t a  f o r  Pressure-Retai ned Cores 
b .  " . '  

~, 1% s I '  

Stock Tank 

Depth, feet 

4097.10-98.60 

4097 10-98.60 

4097 10-98 060 

;r4G37.10-98.60 
00 
4 

4098.60-99 .a5 

4098.60-99.85 

4098.60-99.85 

4100.00-00.90 

4100.00-00.90 

4100.00-00.90 

4100.90-02 005 

4100.90-02.05 

*By pressure 
**Total o i l  

A i r  Permeabil ity, md. Pore Grain F l u i d  Saturations, 
Horizontal Porosity, Volume, Density, Percent Pore Space 
Max. 90 Ver t i ca l  Percent cc g d c c  O i l *  O i l * *  Water Descr ipt ion -- 

13 9.1 

4240*** 35 

9760*** 25 

887 3.1 

38 31 

3-6 2.1 

36 26 

37 8.3 

961 13 

4120*** 2.6 

368 4.2 

9.7 4.7 

depl et7 op 

8.4 

1320*** 

2850*** 

1390 

12 

4.8 

27 

430 

436 

1020*** 

22 

15 

12.5 55.6 2.85 4.9 23.2 66.0 Dolo, tan, f n  xln, calc, wel l  
indurated, vug, anhy 
Dolo, tan f n  xln, calc, wel l  
indurated, frac, anhy 
Dolo, tan, f n  xln, calc, wel l  
indurated, frac, anhy 
Dolo, tan, f n  xln, calc, wel l  
indurated, vug 

8.8 62.0 2.84 3.2 18.4 71.3 Dolo, tan, f n  xln, calc, well 
indurated, vug 
Dolo, tan, f n  xln, calc, well 
indurated, vug 
Dolo, tan, f n  xln, calc, wel l  
indurated, vug< 

9.0 55.6 2.84 14.0 34.1 56.8 Dolo, tan, f n  xln, calc, wel l  
indurated, f rac  
Dolo, tan, f n  xln, calc, wel l  
indurated, f rac 
Dolo, tan, f n  xln, calc, wel l  
indurated, f rac  

8.8 62.9 2.85 12.6 18.0 59.4 Dolo, tan, f n  xln, calc, wel l  
i ndurat ed, f rac 
Dolo, tan, f n  xln, calc, w e l l  
indurated, vug 

***Open ve r t i ca l  f ractures 



CORE LABORATORIES, I N C .  
&ohm RllrrvO; Ellgulrev 

DALLAS, TEXAS 76247 

I h h e  * ' . '  Full-Diameter Core Analysis Data o f  Pressure-Retained Cores 
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Well Conoco MCA No. 358 
F i  1 e SCAL-307-80111 

Stock Tank 
A i r  Permeabil ity, md. Pore Grain F lu id  Saturations, 
Hori zontal Porosity , Vol ume, Density , Percent Pore Space 

Depth, feet  l%i X. 90" Ver t ica l  Percent cc qm/cc O i l *  O i l * *  - Water 

4102.05-02.90 22 1.9 

4102.05-02.90 2.9 2.8 

4102.05-02.90 29 2.6 

~4102.90-03.80 11 9.7 
00 

4102.90.03.80 6.2 3.2 

4103.80-04.65 5.9 3.0 

4103.80-04.65 2.2 2.0 

4104.65-05.75 2.3 1.4 

4104.65-05.75 40 26 

4105.75-06.40 14 10 

4106.40-07.00 18 16 

4107.00-07.65 4.9 4.1 

*0y pressure deplet ioh'  ' 

***Open ve r t i ca l  f ractures 
**Total o i l  

1 7  

4.1 

846*** 

13 

1.3 

5.2 

1.8 

1.3 

21 

6.7 

14 

4.3 

6.8 

5.9 

5.5 

6.5 

7.8 

11.3 

11.8 

41.2 2.84 

39.8 2.85 

33.5 2.86 

54.1 2.88 

36.0 2.88 

54.2 2.87 

44.9 2.86 

12.9 26.0 

12.8 24.6 

6.9 20.3 

2.0 12.7 

0.3 15.0 

2.6 15.8 

10.9 26.4 

67.3 

65.3 

69.5 

76.2 

78.3 

69.6 

57.4 

I. If I * .  

Descri p t  i on 

Dolo, tan, f n  xln, calc, wel l  
indurated, vug 
Dolo, tan, f n  xln, calc, well  
indurated, vug 
Dolo, tan, f n  xln, calc, wel l  
indurated , vug 
Dolo, tan, f n  x ln,  calc, wel l  
indurated, vug 
Dolo, tan, f n  C d l C ,  wel l  
indurated, vug 
Dolo, tan, f n  xln, C d l C ,  well 
indurated, vug 
Dolo, tan, f n  xln, calc, well  
indurated, vug 
Dolo, tan, f n  xln, calc, well  
indurated, vug 
Dolo, tan, f n  xln, calc, wel l  
indurated , vug 
Dolo, tan, f n  xln, calc, wel l  
indurated , vug 
D ~ l o ,  tan, f n  xln, calc, wel l  
indurated 8 vug 
Dolo, tan, f n  xln, calc, well  
indurated, vug 

,e 

These analysis, opitiions op interpretstions are bdsed on observations arid matarid1 supplied by the client to uhom. and for whose 
rwlusivc: dnd confidential use, t h i s  repor-t i s  made. The interpretations or upinionb Inc. expressed and its represent officers and the employees, best judsement assum 0 
Core Laboratorie . (a11 error d ) ;  Cor rd t 

IA""*l of dbl  - ----.:, d6 he t t v  rat - 
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F i l e  SCAL-307-80111 

Analysis o f  L iberated Gas by Gas ChromatoqraDh.v 

Calc. Gas,, Gas ,I- I . ,  ' : - 
.I. 

Component Analysis, Mol e Percent Grav i ty  Vol ume 
Depth, f e e t  H7S cop N7 C i  C7 C? IC4 NC4 ICE;  NCs Cfi C7+ (Air=l.O) cc @ STP 

3692.00-92.55 
3692.55-93.20 
3693 . 20-94 25 
3694.25-95.15 
3695.15-96.65 
3696.65-97.55 
3697 . 55-98.50 
3698.50-99.30 
3699 . 30-00 . 00 
3710.15-00.95 

~3700.95-01.50 
(03701.50-02.30 

3702.30-03.05 
3703.05-04.05 
3704.05-04.90 
3704.90-05.75 
3705.75-07.00 
37 16 . 00-1 6 -80 
37 16 . 80-1 7 065 
371 7.65-1 8.45 
3718.45-19.25 
371 9.25-20.05 
3720.05-20.75 
3720.75-21.80 
372 1 . 80-22 50 
3722.50-23.25 
3724.00-25.00 
3 725 . 00-25.90 
3725.90-26.50 
3726.50-27.15 

0.00 20.70 5.79 0.74 
0.00 26.55 4.82 0.65 
0.00 22.73 5.96 1.01 
0.00 19.81 4.86 8.24 

0.00 6.71 . 6.25 33.69 
0.00 7.99 6.-22 31.97 
0.00 7.43 5.86 27.35 
0.00 5.76 3.89 31.26 
0.00 12.51 8.05 2.53 
0.00 7.76 8.24 1.00 
0.00 9.07 7.85 0.72 
0.00 8.52 11.34 ~ 1.14 
0.00' 8.51 .11.21 13.25 

:10.13 31.12 
0.00 10.17. 7..90 34.77 
0.00 11.76 1- 5.07 -32.03 
0.00 .13.41 12.47 i 28.65 
0.00 11.37 8.61 32.64 
0.00 68.99 /30.09 0.92 
0.00 59.32, 40.27 0.41 
0.00 69'.57 23.19 4.37 
0.00 76.88 22.53 0.59 
0.00 65.4g 33.27 1.24 
0.00 66.36 31.52 2.12 
0.00 15.83 12.38 36.30 
0.00 8.60 7.47 41.81 
0.00 8.79 6.65 41.94 
0.00 7.28 4.75 39.55 

0.00 10.40 \5.26 25.86 

0.00 6.23 5.82 38.58 

18.25 
23.49 
27.84 
26.34 
20.40 

19.86 
19.86 
20.30 
27.21 
30.61 
32.91 
29 . 57 
27.23 
19.34 
16.53 
19.42 
18.32 
18.53 
0.00 
0.00 
0.55 
0.00 
0 000 
0.00 

13.22 
16.07 
16.09 
17.36 
18.60 

21.53 

28.65 
24.26 
24 . 94 
23.52 
19.26 
18.39 
18.05 
19.68 
19.33 
24.35 
27.23 
28.65 
27.78 
24.27 
16.50 
14.15 
16.25 
16.85 
15.29 
0.00 
0.00 
0.28 
0.00 
0.00 
0.00 

10.38 
12.43 
12.84 
14.57 
15.77 

4.25 
3.24 
3.11 
3.02 
2.71 
2.32 
2.50 
2 099 
2.85 
3.73 
3.94 
3.71 
3.68 
2.89 
2.25 
2.10 
2.20 
1.96 
2.01 
0 000 
0.00 
0.07 
0.00 
0.00 
0.00 
1.49 
1.75 
1.82 
2.14 
2.24 

11.44 
8.51 
7.78 
7.74 
7.44 
6 -08 
6.78 
8.30 
8.04 

10.56 
11 -04 
9.73 
9.77 
7.34 
6.23 
6.15 
6.07 
5.02 
5.63 
0.00 
0.00 
0.26 
0.00 
0.00 
0.00 
4.35 
5.08 
5.31 
6.24 
6.38 

3.50 3.48 1.27 1.34 
2.31 2.46 1.83 1.38 
1.98 1.90 1.14 0.98 
2.09 2.00 1.18 0.79 
2.27 2.44 1.94 1.99 
1.69 1.68 1.01 0.64 
2.09 2.10 1.40 1.04 
2.68 2.68 1.86 1.32 
2.70 2.78 1.84 1.25 
3.24 3.54 2.43 1.85 
3.16 3.39 2.18 1.45 
2.57 2.53 1.38 0.88 
2.66 2.69 1.64 1.21 
1.78 1.78 1.00 0.74 
1.99 2.03 1.34 0.89 
2.16 2.45 2.01 1.61 
1.92 2.16 1.70 1.42 
1.12 1.12 0.57 0.51 
1.78 1.86 1.32 0.96 
0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 
0.17 0.24 0.00 1.30 
0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 
1.56 1.75 1.47 1.27 
1.77 2.03 1.60 1.39 
1.87 2.06 1.47 1.16 
2.21 2.43 1.92 1.55 
2.06 2.13 1.31 0.88 

1 .580 
1.529 
1.467 
1.410 
1.307 
1.158 
1.209 
1 . 289 
1.257 
1.528 
1.515 
1.464 
1.470 
1.313 
1.188 
1.208 
1.222 
1.161 
1.179 
1.344 
1.293 
1.379 
1.389 
1.324 
1.325 
1.145 
1.119 
1.118 
,*l -173 
1.145 

41 7 
941 
930 

1121 
884 

1205 
1178 
1027 
1080 
866 
788 

1141 
785 
845 

1091 
8 29 
900 
7 69 
953 
120 
97 

117 
94 

152 
73 

499 
948 
937 

1175 
1534 

These analysis, opinions or interpretations are based on observations and material supplied by the client to whom, and for whose 
exclusivr: dnd confidential use, this report is made. The interpretations 01' opinions expressed represent thc? best judgement of 
Core Laboratories, Inc, (all errors and omissions excepted); but Core Laboratories, Inc. and its officers and employees, assume 
no responsibility and make no warranty or representations as to the productivity, proper operation, or profitableness of any Oil, 
PldS O F  other mineral well or sand in rnnnrrtinn with whirh nl ich  rptinrt I +  i i s ~ d  or rrlicd iinnii, 



Depth, f e e t  

3727.15-27.95 
3727.95-28.75 
3728.75-29.40 
37 29.40-30 .OO 
3730.00-30.80 
3730.80-32 000 
3803.00-03.45 

3804 . 1 0 -07 1 0 
~3804.10-07-10 
3807.10-07.60 

380 7 . 6 0-08 40 
3807 . 60-08 . 40 
38 08 . 40-0 9 . 7 5 
3809.75-1 0.45 
3810.45-1 1.20 
3811.20-12.20 
3811.20-12.20 
381 2.20- 1 3 20 
3812.20-1 3.20 
381 3.20-1 3.95 
3813.95-15.10 
381 3 -95-1 5 . 10 
3815.10-15.85 
3815.85-16.55 
3816.55-17.70 
381 7.70-1 8.20 
381 8.20-18 -70 
4043 . 00-43 . 45 
4043.45-44.85 

3803.45-04.10 
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Analysis of  L iberated Gas by Gas Chromatography 

0.00 11.11 
0.00 36.74 
0.00 9.28 
0.00 10.52 
0.00 11.34 
0.00 11.23 
0.00 4.36 
0.00 9.47 
0.00 5.66 
0.00 6.62 
0.00 2.76 
0.00 3.12 
0.00 4.84 
0.00 2.35 
0.00 3.58 
0.00 3.15 
0.00 3.14 
0.00 4.25 
0.00 3.92 
0.00 4.31 
0.00 3.67 
0.00 3.94 
0.00 5.30 
0.00 5.26 
0.00 7.35 
0.00 21.31 
0.00 5.93 
0.00 13.,44, 
0.00 5.28 
0.00 4.20 

N2 

13.33 
26 -87 

6.56 
10.80 
11.85 
9.35 
5.23 
7.15 
4.95 
4.53 
5.38 
4.13 
4.95 
5.03 
4.92 
5.33 
3.58 
5.42 
2.75 
2.52 
2.39 
2.20 
1.68 
2.28 
2.29 
3.95 
2.39 
4.35 
3.89 
3.59 

- 
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Component Analysis, Mole Percent 
c1 c2 C3 IC4 NCa I C 5  NCt; Ch c7+ - - - - -- - - - , - _ _ _ . - - ,  

33.62 13.76 11.72 1.72 5.25 2.05 2.41 2.07 2.96 
15.84 6.49 5.50 0.80 2.48 0.93 1.19 1.13 2.03 
39.86 17.66 14.09 1.80 5.00 1.60 1.75 1.31 1.09 
36.89 17.14 14.53 1.74 4.57 1.16 1.23 0.73 0.69 
37.66 17.41 13.78 1.53 3.86 0.87 0.87 0.43 0.40 
38.79 17.41 14.24 1.62 4.22 0.99 1.01 0.57 0.57 

51.79 12.73 8.91 1.20 3.35 1.17 1.29 1.23 1.71 
51.24 15.58 11.92 1.54 4.31 1.30 1.45 1.09 0.96 
55.81 15.64 10.14 1.21 3.16 0.91 0.90 0.63 0.45 
54.49 15.42 11.41 1.49 4.16 1.31 1.44 1.08 1.06 
49.04 17,22 14.42 1.92 5.31 1.56 1.57 1.02 0.69 
53.68 17.02 11.35 1.33 3.58 1.01 1.04 0.71 0.49 
51.59 16.30 13.30 1.77 4.89 1.50 1.54 0.99 0.74 
52.55 15.90 12.04 1.57 4.40 1.42 1.53 1.11 0.98 
53.14 15.86 12.07 1.57 4.33 1.34 1.42 0.97 0.82 
44.95 18.87 16.17 2.14 5.87 1.72 1.77 1.04 0.75 
47.00 18.68 14.03 1.73 4.67 1.34 1.41 0.93 0.54 
40.43 19.95 17.96 2.47 6.69 1.95 1.94 1.12 0.82 
42.75 20.35 17.16 2.24 5.97 1.65 1.60 0.90 0.55 
42.16 20.47 16.92 2.27 6.21 1.89 1.92 1.20 0.90 
34.77 23.03 20.07 2.65 7.17 2.05 2.06 1.22 0.84 

39.50 19.91 16.82 2.38 6.70 2.20 2.28 1.58 1.09 
38.39 18.78 16.04 2.28 6.57 2.31 2.50 1.93 1.56 
33.94 14.00 11.11 1.60 4.84 1.94 2.14 2.23 2.94 
40.88 17.52 14.86 2.19 6.46 2.42 2.68 2.32 .2.35 
34.92 15.55 13.01 1.97 5.89 2.35 2.76 2.68 3.08 
38.03 18.00 16.37 2.44 6.89 2.30 2.46 2.19 2.15 
41.50 19.67 16.76 2.33 6.20 1.81 1.82 1.24 0.88 

51.76 15.11 11.89 1.59 4.50 1.44 1.57 1.20 1.35 

35.18 22.74 19.49 2.54 6.92 2.03 2.09 1.19 * 0.84 

Ca l  c . .Gas,% 
Gravi ty  

(A i  r = l  -0) 

1.223 
1.281 
1.120 
1 .loo 
1.064 
1.078 
1.022 
1.017 
1.013 
0 . 938 
0.981 
1.035 
0.956 
1 -007 
1.002 
0.987 
1.078 
1.028 
1.134 
1.091 
1.115 
1.184 
1.182 
1.163 
1.196 
1.266 
1.201 
1.273 

1.117 
1 :212 " 

I f  Gas 
Vol urn 

cc @ STP 

462 
196 
916 
880 
89 3 

1024 
1577 
7 08 

1746 
1117 
1585 
1959 
1358 
2095 
1446 
1722 
1731 
668 

1299 
1839 
1810 
1052 
1340 
1113 
942 
208 
810 
215 
850 

1838 

These analysis. opinions or interpretations are based on observations and material supplied by the client to whom. and for whose 
pClUSiVC and confidential use, this report is made. The interpretations or opinions expressed re nt 

Inc. ( a l l  errors and omissions excepted); but Core Laboratories, Inc. and its 0 rs 
best judgement O f  

ployees, ass 

mrl 
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Analysis o f  L iberated Gas by Gas Chromatography 

Calc'. Gas ,, Gas (1. L I  ' '  , '  

Component Analysis, Mole Percent Grav i ty  Volume 
Depth, f e e t  H2S CO2 N2 C 1  c2 c3 IC4 NC4 IC5 NC5 C6 C7+ (Airxl.0) CC @ STP ------------ 

4044.85-46 e 10 
4046.10-47.15 
4046.10-47.15 

4047.15-48.30 
4048.30-49 -05 
4049 05-50 25 
4050.25-50.95 
4051.00-52.40 

-4052 . 40-52.90 
E4052.90-53.75 

4053.75-54.30 
4054.30-54.95 
4054.95-55.40 
4055.40-56.10 
4056.10-57.10 
4057.10-58.25 
4058.25-5 9 .OO 
4059.00-60.10 
4060 1 0-61 20 
4061.20-62.00 
4067.00-67.90 
4067 90-68.75 
4068.75-69.85 
4069 85-7 1 000 
4071 .OO-72.00 
4072 000-73 30 
4073.30-74.00 
4074.00-74.75 
4084.00-85 .OO 

4047.1 5-48.30 

0.00 
0 000 
0.00 
0.00 
0.00 
0 000 
0.00 
0 000 
0.00 
0 000 
0.00 
0 000 
0.00 
0 000 
0.00 
0.00 
0.00 
0 .DO 
0.00 
0 000 
0.00 
0 000 
0.00 
0 000 
0.00 
0.00 
0.00 
0 000 
0.00 
0 000 

3.66 
3 054 
2.35 

20.47 
27 . 46 
6.66 
9.50 
5.49 
7.00 

10.31 
7.41 
7.80 
8.54 

11.68 
9.13 

29.49 
28.23 
20.20 
6.46 

12.90 
19.41 
4.73 
6.84 
9.77 
3.77 
5.52 
3.30 

5.28 
5.14 

3 0.67 

3; 86 
3.53 
3 .I37 
2.43 
2.76 
4 -76 
4.69 
3.92 
4 . 66 
5.30 
5.31 
6.16 
5.05 
5.34 
5.13 
9.59 

10.25 
9.04 

14.83 
10.16 
9.46 
8.20 
9.37 
6 -68 
4.24 
3.90 
4.23 
3.46 
3.18 
3.60 

41.06 
50.09 
31.14 
24 -60 
36.82 
36.56 
36.45 
37.25 
40.91 
35.78 
40.53 
36.59 
36.58 
34 095 
38.10 
27.24 
26.69 
32.19 
30.47 
33,20 
27.30 
37.61 
31.64 
32.45 
40.63 
36.99 
41.21 
39.02 
38.07 
40.62 

19.90 
20.60 
18.02 
15.91 
16.38 
18.22 
17.85 
18.30 
20.28 
17.42 
19.72 
17.48 
18.04 
16.62 
17.75 
11 029 
11.19 
13.54 
14.15 
14.47 
13.15 
16.55 
14.57 
16.51 
20 . 58 
18.66 
20.79 
19.75 
19.39 
18.15 

17.38 
14.05 
22 . 58 
19.11 
10.71 
16.17 
15.97 
16.56 
16.30 
15.83 
16.21 
16.15 
16.23 
14.53 
15.21 
10.23 
10.26 
12.45 
13.03 
12.93 
12.20 
15.47 
14.33 
15.61 
17.30 
16.99 
17.22 
17 -80 
17.37 
16.00 

2.41 
1.58 
3.62 
2.84 
1.21 
2.37 
2.35 
2.45 
2.03 
2.33 
2.05 
2.40 
2.50 
2 022 
2 .24 
1.57 
1.63 
1.86 
2.09 
1.96 
1.88 
2.33 
2.32 
2.44 
2.27 
2.46 
2 .25 
2.52 
2.44 
2.29 

6.39 
3.93 

10.09 
7.77 
2.90 
6 -64 
6.49 
6 -87 
5.05 
6.31 
5.07 
6.72 
6.91 
6.40 
6.25 
4.54 
4.64 
5.15 
6.19 
5 -75 
5.74 
6 -45 
7.02 
6.99 
6.00 
6.90 
5.88 
6.85 
6.76 
6.36 

1.77 1.73 
0.90 0.86 
2.93 2.88 
2.26 2.24 
0.66 0.60 
2.23 2.31 
2.03 2.10 
2.36 2.49 
1.28 1.20 
1.77 1.84 
1.21 1.16 
2.05 2.08 
2.16 2.33 
2.11 2.36 
2.04 2.08 
1.56 1.69 
1.67 1.80 
1.63 1.65 
2.46 2.84 
2.15 2.34 
2.21 2.59 
2.16 2.31 
2.79 3.20 
2.55 2.68 
1.72 1.71 
2.21 2.33 
1.66 1.63 
2.04 2.05 
2.15 2.23 
2.09 2.22 

1.13 
0.55 
1.78 
1.35 
0.34 
2.56 
1.54 
1.99 
0.70 
1.35 
0.71 
1.30 
0.87 

1.26 
1.24 
1.71 
1.08 
2.91 
1.97 
2.42 
1.81 
3.15 
2.27 
1.08 
1.80 
1.09 
1.59 
1.66 
1.65 

1.94 

0.71 
0.37 
1.24 
1.02 
0.16 
1.52 
1.03 
2.32 
0.59 
1.76 
0.62 
1.27 
0.79 
1.85 
0.81 
1.56 
1.93 
1.21 
4.57 
2.17 
3.64 
2.38 
4.77 
2 -05 
0.70 
2.24 
0.74 
1.25 
1.47 
1.88 

1.1 14 
0.977 
1.288 
1.328 
1.110 
1.209 
1.182 
1.219 
1.082 
1.194 
1.085 
1.178 
1.170 

1.154 
1.260 
1 2 8 0  
1 .zoo 
1.302 
1.227 
1.333 
1.192 
1 e339 
1.261 
1.109 
1.213 
1 e101 
1.163 

" 1.183 
1.166 

1.224 

1723 
1927 
1024 

I 1468 
305 1 
1060 
81 3 
767 

1732 
564 

1225 
61 1 
581 
427 

1028 
285 
353 
568 
182 
532 
31 6 
5 54 
252 
505 

1162 
976 

1227 
886 

1175 
667 

These analysis. opinions or interpretations are based 0 1 1  observations and material supplied by the client to whom, and for whose 
exclusive and confidential use, this report is made. The interpretations or opinions expressed represent the best judgement of 
Core Laboratm-ies, Inc. (all errors and oqissions excepted); but Core hboratories, Inc. and its officers and employees, assume 
no responsibility and make no warranty or representations as to the productivity, proper operation, or profitableness of any Oil, 
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Analysis o f  L iberated Gas by Gas Chromatography 

( ) . l a ?  " , '  C a l  c.. Gas . , ,Gas 
Component Anal ys i s , Mol e Percent GraJi ty " 'I volume 

Depth. f e e t  H2S COz NZ c1 cz C3 IC4 NC4 IC5 NC5 C6 c7+ (Air=l.O) cc 8 STP 

4085 . 00-86.20 
4086.20-87.20 
4087.20-88.00 

4088 . 00-89 05 
4089.05-90.40 
4090.40-91 040 
4091.40-92.00 
4092.00-92.60 

+4092.60-93.20 
E4093 . 20-93 . 90 

4093 -90-94.90 
4094.90-95.95 
4095.95-97.10 
4097.10-98.60 
4098.60-99.85 
41 00.00-00.90 

4100.90-02.05 

4087.20-88.00 

4 100.90-02.05 

4102.05-02.90 

- 

0.00 
0.00 
0.00 
0 -00 
0.00 
0.00 
0.00 
0 -00 
0.00 
0 000 
0.00 
0.00 
0.00 
0 000 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

- - 
1.73 
0.98 
2.62 
2.06 
2.35 
2.78 
2.11 

11.86 
2.87 
3.14 
2.44 
2.69 
1.96 
2.78 
2.17 
3 -52 
1.49 
1.55 
1.80 
1.77 

- 

3.27 
3.18 
3.08 
2.42 
3.03 
3 -48 
3.48 
3.75 
3.46 
3.30 
3.38 
3.42 
3.26 
3.35 
3.38 
3.58 
3.53 
3.10 
7.46 
3.69 

- 
46 . 00 
46.43 
51.52 
34.21 
45.31 
47.82 
49.01 
40.56 
44.54 
43.72 
44.86 
46.32 
46 . 26 
46.12 
47 . 06 
46.38 
47.26 
38.22 
48 . 67 
44 093 

- - 
20 . 66 
21 -15 
20 . 53 
17.21 
19.27 
18.50 
19.04 
15.35 
18.-93 
18.91 
19.17 
19.96 
19.73 
19.76 
19.43 
19.27 
19.46 
17.64 
18.48 
19.18 

- 
16.51 
16.81 
14.25 
22 . 61 
16.70 
15.49 
14.97 
13.67 
15.77 
15.90 
15.58 
15.52 
16.18 
15.51 
15.34 
15.48 
15.72 
18.56 
13.61 
15.93 

2.11 
2.07 
1.55 
3.77 
2.26 
2.06 
1.97 
2.04 
2.20 
2.23 
2.15 
2.03 
2.18 
2 -05 
2.04 
2 .oo 
2.10 
2.95 
1.76 
2.24 

- 
5.50 
5.38 
3.93 

10.26 
6.00 
5.45 
5.15 
5.64 
6.01 
6.16 
5.83 
5.38 
5.74 
5 -42 
5.47 
5.28 
5.63 
8.59 
4.35 
6.11 

- 
1.52 
1.38 
0.91 
2.76 
1.69 
1.50 
1.45 
1.93 
1.79 
1.86 
1.77 
1.52 
1.60 
1.54 
1.61 
1.48 
1.63 
2 -87 
1.23 
1.91 

- 
1.43 
1.34 
0.88 
2.59 
1.65 
1.47 
1.41 
2.05 
1.84 
1.94 
1.83 
1.51 
1.55 
1.54 
1.61 
1.48 
1.62 
3.01 
1.21 
1.95 

- 
0.79 
0.81 
0.44 
1.34 
1.06 
0.85 
0.88 
1.44 
1.24 
1.28 
1.36 
0.93 
0.96 
1.06 
1.04 
0.88 
0.97 
1.98 
0.84 
1.36 

0.48 
0.47 
0.29 
0.77 
0.68 
0 -60 
0.53 
1.71 
1.35 
1.56 
1.63 
0.72 
0.58 
0 -87 
0.85 
0.65 
0.59 
1.53 
0.59 
0.93 

4102.90-03.80 0.00 2.81 5.98 41.98 18.27 15.71 2.24 6.26 2.02 2.12 1.52 1.09 
4103.80-04.65 0.00 2.80 6.29 41.82 17.63 15.31 2.25 6.41 2.18 2.36 1.64 1.31 
4104.65-05.75 0.00 2.34 4.52 44.68 18.69 
4105.75-06.40 0.00 2.72 7.17 42.51 17.59 
4106.40-07.00 0.00 3.07 6.45 42.71 18.48 
4107.00-07.65 0.00 2.77 5.80 42.54 19.02 

5.41 2.14 5.90 1.86 1.92 1.32 1.22 
5.05 2.17 5.96 1.86 1.92 1.59 1.46 
5.71 2.13 5.79 1.74 1.77 1.26 0.89 
5.97 2.14 5.84 1.79 1.84 1.22 1.07 

1.045 
1.036 
0.963 

1.075 
1.040 
1.022 
1.165 
1,100 
1.116 
1 .lo2 
1.051 
1.055 
1.060 
1.053 
1.050 
1.046 
1.222 
0.997 
1,090 
1.119 
1.133 
1.093 
1.114 
1.092 
1 eo99 

1.249 

#I 

1725 
2085 
1765 
848 

1265 
1238 
1604 
6 28 
983 
935 

1117 
1367 
1391 
1417 
1593 
1549 
1951 
683 

1428 
1291 
1232 
809 
805 
449 

1181 
1517 

. These a n a l y s i s .  op lr i ions  or i n t e r p r e t a t i o n s  are bdsed on o b s e r v a t i o n s  and mater id1  s u p p l i e d  by t h e  c l i e n t  to whom, and for whose 
~XClUs ivc :  and C o n f i d e n t i a l  u s e ,  t h i s  report  is  made. 
Core Laborator ie s ,  Inc. ( a l l  errors and o m i s s i o n s  e x c e p t e d ) ;  
a e + a S P o ~ i t y  &&&puke n t a  

The ir \ terpretatiorbs or o p i n i o n s  e x p r e s s e d  r e p r e s e n t  t h e  b e s t  judgement of 
ore Labor,atories ,  I n c .  and its officers and employees,  assume 

r a t i o n ,  or p b l e n e s e  o f  - 
m n .  %"1 :el_ 



Depth ,  feet 

3692.00-92.55 
3692.55-93.20 
3693.20-94.25 
3694.25-95.15 
3695.15-96.60 
3696.60-97 -55 
3697.55-98.50 
3698.50-99.30 
3699.30-00.15 
3700.15-00.95 
3700.95-01.50 
3701 -50-02.30 
3702.30-03.05 
3703.05-04.05 
3704.05-04 . 90 
3704.90-05.75 
3705.75-07.00 
3716.00-1 6 -80 
3716.80-17.65 
3717.65-18.45 
371 8 . 45-1 9 . 25 
371 9.25-20.05 

'3720.05-20.75 

i 3720.75-21.80 
3721 -80-22.50 
3 722 -50 -2 3 . 25 

CORE LABORATORIES, INC.  
Abo!eum Resctvori Engineerbg 

DALLAS, TEXAS 78247 

Chloride Data 

Page 23 of 27 
F i le  SCl+L-307-80111 

Chloride as 
Cl', l y / L  

125,662 
98,804 

121,487 
97,551 

127,192 
138,603 
111,050 
145,979 
157,738 
137,908 
133,385 
126,218 
109,380 
119,817 
169 , 358 

149,875 
146,118 
162,400 

* 

* 
* 
* 
* 
* 
* 
* 

Depth ,  feet 

3724.00-25.00 
3725 . 00-25 -90 
3725.90-26.50 
3726.50-27.15 
3727.15-27.95 
3727.95-28.75 
3728.75-29.40 
3729.40-30.00 
3730.00-30.80 
3730.80-32 .OO 
3803.00-03.45 
3803.45-04.10 
3804.10-07.10 
3807 . 10-07.60 
3807.60-08.40 
3808.40-09.75 
3809.75-10.45 
3810.45-11.20 
3811.20-12.20 
38 12 . 20-1 3.20 
3813.20-13.95 
3813.95-15.10 
381 5 . 10-1 5 . 85 
381 5.85-16.55 
381 6 . 55-1 7 . 70 
3817.70-18.20 
38 1 8 . 20- 1 8 . 70 

Chloride as 
Cl', mg/L 

* 
* 
* 
* 
* 
* 

114,946 
99,082 
94,977 

106,457 
139,508 
122,043 
136,099 
151,824 

* 
122,043 

139,578 
90,176 

113,763 
144,448 
163,513 
159,617 
171,863 

' 161,565 
* .  

i 

- 126,357 
* 

*No water Droduced during pressure depletion 



- 
- 

Depth, feet 

4043.00-43.45 
4043 -45 -44.85 
4044.85-46.10 
4046.10-47.15 
4047.15-48.30 
4048.30-49.05 
4049.05-5 0.25 
4050.25-50.95 
4051.00-52.40 
4052 .40-52.90 
4052.90-53.75 

4053.75-54.30 
4054.30-54.95 
4054.95-55.40 
4055.40-56.10 
4056.10-57.10 
4057.10-58.25 
4058.25-59.00 
4059.00-60.10 
4060.10-61.20 
406 1 . 20-62 . 00 
4067.00-67.90 

-- 4067 . 90-68.75 
i 4068.75-69.85 

4069.85-71 -00 
4071.00-72.00 
4072.00-73.30 

CORE LABORATORIES, INC. 
- AtrokYm Reservoir E.g"eeMg 

DALLAS,  TEXAS 75247 

Page 24 of 27 
Fi le  SCAL-307-80111 

Chloride Data 
- 

Chloride as 
Cl', mg/L 

108,962 
104,788 
11 2,093 
103,953 
97,551 
93,794 
65,266 
66,797 
91,080 
76,677 
96,160 
85,305 
63,318 
58,447 
63,318 
90,454 

104,509 
68,188 
87,532 
92,681 
89,062 

113,137 
121,069 
106,805 
86,558 
72,920 
72,781 

Depth, feet 

4073.30-74.00 
4074 .OO-74 -75 
4084 . 00-85. 00 
408 5.00-86 . 20 
4086.20-87.20 
4087.20-88.00 
4088.00-89.05 
4089.05-90.40 
4090.40-91.40 
4091.40-92.00 
4092.00-92.60 
40 92 . 6 0-93 . 20 
4093.20-93.90 
4093.90-94.90 
4094.90-95.95 
4095.95-97.10 
4097 . 10-98.60 
4098.60-99.85 
4100.00-00.90 
4900.90-02.05 
41 02.05 -02.90 
4102 .90-03 -80 
4103.80-04.65 
4104.65-05.75 
4105.75-06.40 
4106.40-07 -00 
41 07 . 00-07.65 

Chloride as 
Cl', mg/L 

53,159 
50,098 
70,554 
87,393 
78,208 
67,075 

70,972 
58,239 
62,065 
42,722 
73,337 
98,525 
67,353 
76,260 
85,166 
80,156 
84,749 
79,321 

123,157 
77,095 
76,816 
68,188 
61,926 
60,674 

i 55,107 
'I 54,690 

58,865 

* .  

194 

E ~ S C  d y s e s ,  opinions or intgpretatiars are based m observations ~ n d  wterial supplied by the client to -, and for m e  exclusive and confidential 
w. this rppn-t is r&e.  he i n t e r p r e t a t h  or opinions expressed represent the t e s t  j u d v n t  of Crar laboratories, be. (dl mrs ilnd missions 
excepted); but CDR Laboretories, bc. and its officers ad arployees, assum m responsibility and rnakc m uerrwty or mpsentstials arj to the prcd~-  
tivity,  p r p ~  -tion, or pofitablurss of any oil, gas or other mined well or sand in comfftion with kich such Fcpbrc is uscd OT relied upon. 
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CORE LABORATORIES, INC. 
Atroleurn Reservoir Eyjheerhg 

DALLAS,  TEXAS 75247 

Page 25 of 27 
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Vertical Plug and Donut Data - 
- 

Sample 
Number 

1 
1 

2 
2 

3 
3 

4 
4 

5 
5 

6 
6 

7 
7 

8 
8 

9 
9 

10 
10 

11 
--11 

4 2  
12 

Vertical 
Permeabi l i ty ,  
M i l l i d a r c i e s  

Water 
Poros i ty ,  S a t u r a t i o n ,  
Percent Percent PV 

Sample 
Type 

P1 ug 
Donut 

P1 ug 
Donut 

Plug 
Donut 

Plug 
Donut 

P1 ug 
Do n u t  

P1 ug 
Donut  

P1 ug 
Donut  

Plug 
Donut 

/ Plug 
Donut  

Plug 
Do n u t  

P1 ug 
Donut 

P1 ug 
Donut 

Depth, feet 

3693.20-93 -40 
3693.20-93.40 

0.83 8.5 
9.3 

3.1 
2.4 

10.9 
12.9 

7.7 
8.7 

9.1 
9.1 

4 04 
6.2 

4.7 
4.8 

7.6 
7.7 

6.6 
7.6 

6.2 
8.4 

6.6 
6.3 

9.8 
10.7 

58.8 
58.5 

23.6 
62.1 

72.7 
72.9 

81 .O 
88.5 

80.1 
80.7 

35.8 
30.0 

39.2 
50.6 

74.9 
83.1 

42.2 
49.4 

58.0 
56.5 

52.9 
57.7 

50.3 
i 50.0 
i - 

3700.00-00.15 
3700 .OO-OO. 15 

0.02 

3700.15 -00.35 
3700.15-00.35 

13 

3706.70-07.00 
3706.70-07.00 

0.50 

3716.00-16.30 
3716.00-16.30 

6.2 

3722.30-22.50 
3722.30-22.50 

0.07 

3724.80-25.00 
3724 -80-25 . 00 

0.05 

3730.80-31 10 
3730.80-31.10 

3.3 

3806.50-06.80 
3806 . 50-06.80 

0 -04 

3809 .OO-O 9.30 
3809.00-09.30 

0.16 

381 0 . 40 -1 0.70 
3810.40-10.70 

48 

3811.70-11 -90 
3811 -70-11 -90 

14 



* 
C O R E  L A B O R A T O R I E S ,  INC. 

Aboleum Resentoir Engineering 
D A L L A S ,  TEXAS 7 S 2 4 7  

- 

Sample 
Number 

13 
13 

14 
14 

15 
15 

16 
16 

17 
17 

18 
18 

19 
19 

20 
20 

21 
21 

22 
22 

23 
-- 23 

Sample 
Type 

P1 ug 
Donut 

Plug 
Donut 

P1 ug 
Donut 

P1 ug 
Donut 

Plug 
Donut 

Plug 
Donut 

Plug 
Donut 

P1 ug 
Donut 

Plug 
Donut 

P1 ug 
Donut 

P1 ug 
Do nut 

Ve r t i ca l  Plug and Donut D a t a  

Depth, f e e t  

3816.90-17.10 
3816.90-17.10 

4044.50-44 070 
4044.50-44.70 

4049.50-49.80 
4049.50-49.80 

4051.00-51.30 
4051 .00-51.30 

4057.10-57 .4O 
4057.10-57.40 

4060.10-60.30 
4060.10-60.30 

4063.00-63.30 
4063.00-63.30 

4069.90-70.20 
4069.90-70.20 

4073.30-73.60 
4073.30-73.60 

4084.00-84.30 
4084 .OO-84 . 30 

4091.80-92.00 
4091.80-92 000 

V e r t i c a l  
Permeabi 1 i ty, 
M i l l i d a r c i e s  

0.05 

164 

0.11 

2.3 

13 

0.01 

10 

2.3 

18 

18 

95 

Page 26 of 27 
F i  1 e SCAL;-307-80111 

Porosity, 
Percent 

2.5 
2.2 

14.6 
16.9 

5 .O 
5.5 

12.2 
11.1 

4.6 
4.5 

3.5 
4.8 

7.3 
6.6 

8.5 
5.5 

8.9 
6.4 

8.2 
8.2 

12.6 
15.7 

Water 
Saturation, 
Percent PV 

41 .l 
59.9 

56.5 
58.4 

49.3 
72.7 

62.5 
68.4 

72.3 
73.8 

52.9 
75.2 

196 

71.6 
88.6 

81.1 
65.5 

72.9 
77.3 

71.7 
69.6 

71.8 
75.0 



il'* ! 
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B 
I 

Vertical Plug and  Donut Data 

il Vertical Water 
S a t  ura t i on , 
Percent PV 

75.8 
78.7 

Sample 
Type 

Sample 
Number 

24 
24 

Permeability, 
Depth, feet Millidarcies 

Porosity, 
Percent 

9.0 
10.2 

il P1 ug 
Do n u t  

4094.90-95.10 8.5 
4094.90-95.10 u 25 

25 
P1 ug 
Donut 

40 98.6 0-9 8 . 80 15 
4098.60-98.80 

11.6 
11.4 

64.7 
65.1 

u 26 
26 

Plug 
Donut 

4101.35-01 -55 2 .o 
4101.35-01 -55 

7.8 
6.7 

52.8 
60.1 

27 
27 

Plug 
Donut 

4 10 7.50 -07 . 65 27 
4107.50-07.65 

13.7 
13.4 

64.2 
57.4 

1 
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B O X  4337. MIDLAND. TEXAS 79701 

u 

0 

1 

I 
I 

J 

CONOCO, INC. 
P. 0 .  Box 460 
Hobbs, New Mexico 77063 

Gentlemen: 

- DIG CORE LABORATORIES, INC. 

- 3 -  

Date : June 3, 1980 ' 
Subject: Core Analysis. 

MCA No. 358 
Maljamar Field 
Lea County, New Mexico 

File : 3202-11593 

The subject well was cored using a pressure core barrel and 
special drilling fluid to obtain 2% inch cores under pressure 
from the Grayburg-San Andres formation. The intervals from 
3707 to 3716, 3732 to 3740 and 4035 to 4044 failed to hold 
pressure and were ddlivered to Core Lab in Midland for analysis. 

Fluid remcv-ahas achieved from full diameter right cylinder 
shp'les, each foot using a gas driven solvent extraction method. 
Fluid saturations were determined using Dean Stark techniques. 
Following oven drying, porosity and grain density were determined 
using Boyle's law. Air permeability was measured in two horizon- 
tal directions ahd'vertically while each sample was held in a 
Hassler rubber sleeve. Results of these analysis are listed 
in the "Full Diameter" report. 

Following the full diameter analysis, plugs were drilled verti- 
cally every 3rd foot from unanalyzed end pieces. Each plug was 
cut in half. One half was sent to Ecology Audits, Inc. in Dallas 
for nitrate analysis and the other half was analyzed to determine 
porosity, grain density, air permeability and fluid saturations 
using the same techniques as above. Results of these analysis 
are listed in the "Plug Analysis" report. 

The remaining portions of core from which the plugs were drilled 
(the doughnuts) were then analyzed. Porosity was determined using 
toluene saturation. F-luid removal, permeability and fluid satura-" 
tion measurement were achieved using techniques described above. 
Water samples from the plug and doughnut core samples were sent to 
Peledyne Isotype, Inc. in Westwood, h'ew Jersey. Results of these 
analysis are listed in the "Doughnut Analysis" report. 

We trust these data will be useful in the evaluation of your 
property and thank you for the oppbrtunity of serving,you. 

1 

k 
Very truly yours, 

JHN/dmh/dh 

CORE LABORATORIES, INC. 
A JLo/w ck H. Neff 

Laboratory Manager 
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CONOCO, INC. 
MCA No. 358 
File No. 3202-11593 
Procedural Page 

L 

The cores were transported to Core Laboratories, Inc. by Conoco, 
Inc. personnel. 

A Core Gamma Log was recorded for downhole E-log correlation. 

Core analysis was made from intervals requested on full diameter 
samples and non-pressurized plug and donut samples were analyzed 
every third f o o t .  

Attached are the results of the nitrate analysis on seven (7) core 
plug samples from the Conoco MCA Q358 Well. 

These samples were pulverized and a weighed portion submitted to 
distilled water digestion with magnetic agitation for a period of 
two (2) hours, then allowed to stand (covered) for approximately 
twenty-four -(24) hours. Each sample was then filtered, water 
washed and made up to vblume. Aliquot portions of each filtrate 
were taken for nitrate-nitrogen determination by the Brucine 
Method, measuring the intensity o f  color development at 410 n m  on 
the spectrcphotometer. 

The tabulation listing o f  three (3) columms is as follows: 

(a) the NO3-N value as read o n  the spectrophotometer in ugs/gm rock 

(b) NO3-N X 4.4268 = up/gm rock a s  N O 3  

(c) NO3-N X 6.06815 = up/gm rock as NaN03 

The core was boxed a’fter the analysis 2nd was picked up by 
Conoco, Inc. personnel. 
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P e t r o l e u m  R e s e r v o i r  E n g i n e e r i n g  

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

Y 1. 

CORE A N A L Y S I S  FFEPORT 

FOR 

CONOCO? I N C .  

MCA NO* 358 
MALJAMAR FIELD 

LEA COUNTY? NEW M E X I C O  

These analyses, oplnlonn or Intcrprclnli~iii~ nrs Iinud on ohwrviltltrnr nnd molerlnls supplled by the clicnl lo  whom, and for whose exclusive and confidenthi use, this report is made. The interpretations or opinions 
expressed represent tlie heel jeilgrnenl ol Core Inhorntorlei. Inc. (1111 errors mid omlrsions excepted); but Core Laboratorles. Inc. and its officers and employees. assume no responsibility and make no warranty or 
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JOB NO.  DCL 806-94 

- 
- 

1 .  

2. 

3. 

4 .  

5 .  

6 .  

7. 

Sample Depth 
i n  feet 

3709 

3712 

3715 

3734 

3738 

4035 

4041 

Conoco Well MCA #358 

Nitrate in  Crushed Core Plug 

Sample weight ugs NO3-N ugs NO3 
per gm rock per gm rock 

30.4992 0 .790  3 . 5 0  

30.3411 0 .877  3 .885  

30.5167 0 .905  4 . 0 1  

30.4691 2.82 12 .49  

30 .1944 1 .Q2 4 . 5 2  

30 .0839 1 .06  4 . 6 8  

30.6876 1 . 3 3  5 .87  

ugs NaN03 
per gm rock 

4 . 7 9  

5 . 3 2  

5 .49  

17 .11  

! 6 . 1 9  

6 . 4 1  

8 . 0 5  

CORE LABORATORIES. INC. 

202 



>
 

xcc 
H

W
 

J
Z
 

U
 

-
.
 

-
c
 

W
i
C

 
z

m
 

0
 

o
 

U
 

tz 
L
 

J
 

a
 
0
 

- -
t
 

c
 

U
 

I- 
W

-
 

CL 
z
 
-. 

W
 

H
 

3
 

J
 8 

A
 

>- 
a
 

.
.

 
LD 

u
 
c
 

G
 G

i 
U
 

n
 

0
 

U
 

I- 
-

x
 

e
 

Lrl 
t
 



z
 
0
 

I- 
t; 

K
 
0
 

CD 
w

 
a
 

H
 

H
 

z m
 

% 
i
 

Ln 

.- 

z
 

-
1

 
a
 

m
ll I 

*
?

e
*

*
*

*
*

*
*

*
*

*
*

*
 

O
O

O
O

O
O

d
 

M
 

M
 

0
 
u
-
 

x
 

w
 

= 
n

 
I I I 

I
1
 

c
i
 

L
i

 
W

l
 

t
i

l
 

I I I I 



u u u L ~ H I I A ~ ~ ~ A L ~ I E @ L . J I ~  0 a ~ a 
P e t r o l e u m  R e s e r v o i r  E n g i n e e r i n g  

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

CONOCOv I N C t  
MCA Not 358 
MALJAMAR F I E L D  y .I 6, 

LEA COUNTY, NEW MEXICO 

DATE : 3-6-80 

BRLGt F L U I D :  
FORMATION : GREG/SAN ANDRES 

LOCATION : 

F I L E  NO : 3202-11593 

ELEVATION: 4028' KB 
ANALYSTS : r w r s  

F U L L  DIAMETER A N A L Y S I S  

9 

10 
11 
12 
13 
14 
15 
16 
17 

CORE Not R 3707tO-3716tO CLJT 9' 

3707 t 0-08 t 0 
3708t0-OYtO 
3709tO-lot0 
3710tO-lltO 
3711t0-12t0 
3712t0-13tO 
3713t0-14t0 
37 14 t 0- 15 t 0 
3715*0-16tO 
3716tO-3210 

ot5 
ot2 

<Otl 
9 0 t 1 
(0 t 1 
O*l 
012 
0 t 4  
0 t 6  

0.4 
<::o t 1 
*:IO * 1 
*::o t 1 
4.0 t 1 
<o t 1 
0t2 
ot4 
O t 6  

CORE NO* E 3732t0-3740tO CUT 8' 

3732t0-33t0 
3733t0-34tO 
3734 t 0-35 t 0 
3735t0-36tO 
3736tO-37tO 

3738t0-3YtO 
3739tO-40tO 
374Ot0-35tO 

3737:P-38t.O 

410 t 1. 
(0 t 1 
(011 
0t1 
Otl 
0tl 
012 
(0 t 1 

<oti 

(Ot1 
<:ot 1 

O t l  
O t l  

cot1 
0 . 2  

.:10 t 1 

CORE N O *  C 4035e0-4044tO CUT 9 '  

ot2 
< c o t  1 
<0tl 
e c o *  1 
90 t 1 
( 0  t 1 
<:o t 1 
(0 t 1 
ot2 

7t8 
6 * 4  
4 .9  
2.7 
3t2 
3t3 
7t4 
St1 
9t4 

3t6 
4.1 
5t1 
6t1 
6.7 
640 
lt9 
1tO 

15t6 
21 * I  
14t1 
3t3 
4 . 0  
ot0 
19.3 
lElt9 
23t2 

21 t9 
2 4 + 6  
17.9 
24t8 
23to 
23;3 
0.0 
o t o  

24t4 2t74 

4ot4 2t74 
65t2 2+81 
72t2 2.80 
76t5 2t80 
43t4 2t71 
49t5 2.71 
44tl 2.70 

3ota 2t72 

39tO 
36t9 
47t7 
27,s 
3017 
31 t o  

90tO 
87.5 

2t75 
2t80 
2.71 
2t72 
2*70 
2*70 
2t87 
2t86 

Sf1 I KIOLC 
SI1 I DDLC 
SD I ISOLC 
DOL I SL/ANHY I SH L A M  I SDY 
DOL v SL/ANHY I SDY I STY 
DOL I SL/ANHY I SL/SDY I STY 
sn I DOLC 
SD I DOL c I P Y R 
sn I D0L.C 

NOT SUBMITTED FOR A N A L Y S I S  

rioL SDY 
DOLvSL/ANHYISDYvSTY 
L'lOL v SL/ANHY I SDY 
DOLISL/ANHYISH LAMvSDY 
DOLISL/ANHYISDY 
SB I DOLC 
D0LrANHYvF;S i t "  . 

I l O L  I SL/ANHY I STY 
NOT SUBMITTED FOR A N A L Y S I S  

These onrlyses. nplnlmq ilr I i i l c r l W n l l w r  nto Itnwtl  on nhnerviilliiiir ntid materials supplied hy the client to whom, and for whose exclusive and confidential use. this report is made. The interpretations or opinions 
expressed reprenetil lltc heal Jiid~~iient or C h e  btlwRtorics, Itic. (nll errors and omlsslons excepted); but Core Laboratories. Inc. and its officers and employees. assume no responsibility and make no warranty or 
representations, I S  lo  the pruduclivily, prolwr opernllonc, or prolllnlilener of any 011, gas or other mineral well or sand in connection with which such report is used or relied upon. 
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COKE L A B O R A T O R I E S ,  I N C .  
P e t r o l e u m  R e s e r v o i r  E n g i n e e r i n g  

D A L L A S .  TIXAS 

CI?NOCOI INC* 
MCA NO, 358 

DATE : 3-6-80 
FORMATION : GRBGISAN ANDRES 

FILE NO : 3202-11593 
ANALYSTS : DAVIS 

I .  s Y .' ' a  

FULL DIAMETER ANALYSIS 

121 
38 
164e 
3*4 
017 

2*2 
0 e - 6  
1 * 1  

16* 

i 1 . 8 r  10* . 

30 4*9 
114. 126* 

2 * 5  012 
' 0 + 6  013 

0*2 169 
i * 4  0*2 
011) 0,s 
0.2 .:o* 1 

1147 30e4 20.3 
9 , s  22*8  25.7 
12e7 26*1 26el 
6*3 27+6 27*6 
4.2 15.4 30.0 
790 23*3 26.7 
4 * 9  26+6 35+5 
543 19e6 39e2 
6 + 0  15*7 3568 

GRAIN 
DEN DESCRIPTION ----- -----------------------------. 

2*81 DOL IVIFOSSIPP 
2*02 DOLISL/ANHYVSL/UISL/FIFOSS 
2.82 DOLISL/ANHYISL/UIFOSSIOOL 
2+81 DOLISL/ANHYIFOSSIOOLIFISTY 
2 + 87 
2e86 D O L ~ A N H Y ~ P P ~ F  
2 + 83 IlOL I ANHY I F  I PP 
2684 DOLISL/ANHYISL/FISL/U 
2*83 DOLISL/ANHYIFISL/VIFOSS 

DOL I U/ANHY I PPI SL/F 

SAMPLE 
NUMBER ------ 

18 
17 
20 
21 
22 
23 
24 
25 
26 

N 
0 
00 
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u Report Prepared By: 

Charles F. Bohnstedt 
aB 

June 27, 1980 

Pressure Core Analysis 

Analytical Report 

Malgimar Core 
Hobbs, New Mexico 

Prepared for Gruy Federal, Inc. 
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Attn: Mr. Assem Mostafa 
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Ii 
Y 

CRI 
Sample 
Numbgr - 

R750-001 

R750-003 
R750-005 
R750-00 7 
R750-009 
R750-011 
R750-013 
R750-015 

J 

3 

1 

TABLE 1 

Physical P r o p e r t i e s  of Core 

Core Densi ty  
Depth (c leaned cor;) Pe rmeab i 1 it+ 

Interval ( f t )  (gm/cc)  ( M i  11 i darcys)  

4076.0-4076.5 
4076.9-4077.3 

4077.8-4078.2 
4078.6-4079.0 
4079.5-4079.9 
4080.4-4080.9 
4081.3-4081.8 
4082.3-4082.8 

2.40 
2.50 
2.30 
2.30 
2.55 
2.30 
2.50 
2.35 

14.2 
1.4 

22.2 
41.3 
1.2 
9.9 
2.2 
17.9 

Poros i ty  
(Percent)  

10.3 
9.1 
11.5 
14.2 
8.7 

9.2 
8.3 
10.1 

7 
I 4 

_L 

I 

I 

ol 2 i i  



TABLE 2 

Hydrocarbon Content of Samples 

- 
- 3 -  Residual Oil GRI Hydrocarbon 1 Gasoline/Rerosene r 

Sample Gas Content Content Content Saturation 
Number . (cu.ft/bbl) ( X  of Total O i l )  (% of T o t a l  Oils) .. (% of Pore Volume) 

C14+ Oils 2 

R 7  5 Q-OCU 

OQ3 

OQ5 

OQ7 

0 0-9 

Ql1 
a i3  

WSO-015 

63 .9  

202 .7  

1 2 9 . 8  

27Q. 7 
293 .I 
352 .3  

267 .7  

64 .I 

2 . 8  

1 . 3  

7 . 8  

9 . 7  

8.4 
9 . 8  

5 . 0  

3.8 

97 .2  

9 8 . 7  

92 .2  

90 .3  

9-1 $ 6  

90 .2  

9 5 . 0  

9 6 . 2  

5 2 , 9  

2 6 , 6  

40.5 

11 (0 

14!4 
17.3 

3 9 4  

3 3 . 5  

1 Hydrwarbon gas composition is listed in Table 3. 
2 Characteristics of C14+ Oil extracted are given in Table 4 

* .  i 
E 

2 12 



GRI 
Sample 
Number 

R750-001 

003 

005 
007 + 

009 

011 

01 3 
R750-015 

N 

TABLE 3 

Hydrocarbon Gas Composition (Percent of Total  Hydrocarbon Gas) 
& ” 1, 

Total  Hydrocarbon 
Gas Content Methane Ethane n-Propane i-Bu t ane 
(Cu f t / b b l )  % % % % 

61.9 

202.7 

129.8 
270.7 

297.1 

352.3 
267.7 
64.1 

54.3 

51.7 

51.5 
53.9 
48.2 

48.0 

46.7 

60.3 

26.4 

25,8 

26.1 

25,9 
24.5 

25.3 
25.7 
25,O 

15.1 

16.1 

16.3 
14.8 

17,5 
17.8 
18.2 

11.8 

1.55 
1,92 

1.73 
1.62 

2.35 
2.19 

2.29 
1.18 

I ,  s . 

n-But ane 
% 

2.67 
3.87 

3.31 
2.95 
4.83 

4.48 

4.70 
1.73 

c s c 7  
L 

0.00 

0.65 
1 .ll 
0.85 
2.58 

2.23 
2.42 
0.02 

. , , 



G R I  
Sample 
Number 

R750-001 
003 

005 

00 7 
009 

011 

013 
R750-015 

TABLE 4 

Characteristics of Extracted C 14 + Hydrocarbons 

0.8209 
0.8021 

0.8794 

0.8989 

0.8900 

0.8630 

0.8339 
0.8551 

Specific Gravity 

0.8217 
0.8029 

0.8803 

0.8998 
0.8909 

0.8630 

0.8347 

0.8560 

- - *  
T 

. API Gravity 

. (degrees) 

40.70 
44.74 
29.24 

25.76 

27.33 
32.46 

38.02 

33.81 

i 

2 14 
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TABLE I 

G R I  
Sample 
Number 

- 
R750-00 1 

003 
005 
00 7 
00 9 
011 
013 

R750-015 

Volume 
of Water 

(cc) 

28.6 
41.0 
13.5 
51 .7  
31.3 
46.7 
29.4 
45 .1  

26.05 
8.82 

19.04 
6 .98  
4.86 
7 .28  

14.89 
19 .04  

Volume 
of Pore  Space2 

( c c )  

54.65 
49.82 
32.54 
58.68 
36.16 
53.98 
44.29 
64.14 

Volume 
of Pore s p a c e 3  

' ( c c )  

49.26 
33.16 
47.05 
63.74 
33 .73  
42.07 
38.16 
56.79 

1. 

2.  

3. 

Volume of e x t r a c t e d  o i l  is c o r r e c t e d  f o r  r e s e r v o i r  c o n d i t i o n s  and g a s  c o n t e n t .  

Volume of p o r e  s p a c e  c a l c u l a t e d  as t h e  summation of p o r e  f l u i d s .  

Volume of p o r e  s p a c e  c a l c u l a t e d  from t h e  p o r o s i t y  and b u l k  volume of sample.  

i 

2 15 



G R I  
Sample 
Number 

R75 0 - 00 1 
00 3 
005 
007 
009 
011 
013 

R750-0 15 

Average 

Percent F lu id  Saturat ion1 
Water Oil 

% - % 

52.3 
82.3 
41.5 
88.1 
86.6 
86.5 
66.4 
70.3 - 

47.7 
17.7 
58.5 
11.9 
13.4 
13.5 
33.6 
29.7 - 

71.7% 28.3% 

Percent FJuid Saturat ion2 
Oil 

2 
Rater 

% -  

58.1 
123.6 
28.7 
81.1 
92.8 

111.0 
77.0 
79.4 

81.5% 

52.9 
26.6 
40.5 
11.0 
14.4 
17.3 
39.0 
33.5 - 
29.4% 

Gi 

1. Percent f l u i d  s a t u r a t i o n  u s i n g  pore volume c a l c u l a t e d  from summation 
of f l u i d s .  

Percent f l u i d  s a t u r a t i o n  u s i n g  pore volume c a l c u l a t e d  from p o r o s i t y  
and bulk volume of t h e  sample.  

I 

2 .  

2 16 
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29 April 1980 

I 

M r .  John Goodrich 
Gruy Federal Inc. 
Suite 150 
Houiton, TX 77063 

Re: W. 0. No. 3-1787 

WESTWOOD. N E W  JERSEY 07675 

I201 I 664-7070 
- 

P MA'( 1 2 1980 - TELEX 134474TDYlSOTWTWD 
- .  

Dear M r .  Goodrich: 

Enclosed is the  Report of Analysis for  the above referenced work order. 
summarizes the tritium data obtained from seven but t  and plug se t s  collected 
from coring operations i n  the Maljamar f i e ld  i n  conjunction w i t h  the 200 m C i  
HTO mud tag of 16 February 1980. 

I t  

Unfortunately, several "less than" (L.T.) numbers are reported due t o  low 
i n i t i a l  sample volumes. We need at  leas t  1.0 mL of water t o  obtain the 
optimum counting efficiency . 
A l l  values are reported in  picocurie/L. 
cerning the data format, please feel  f ree  t o  ca l l  me. 

Should you have any questions con- 

Yours t ru ly ,  

TeleTrace Project Coordinator 

AC : hp 
enclosures 

cc: M r .  T. Calhoun w/encl. 

. 
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c UORR O l D I 8  UOllBKR 

3-1787 01) John Goodrich - MAWAMAR 
GROT ?EDCRLL I I C  
S O X T I  150 
nooston t r  77003 

87718 3709 BO?? (1) 

87719 I 3709 PLOG (1) 

87720 8 3712 BOT? (1) 

87721 I 3712 PLO3 (1) 

87722 C 3716 BOTt  (1) 

07723 C 3715 PLOO f l )  

87724 0. 3734 But? (1) 

17725  

87728 

87727 

87728 

87729 

87730 

8773 1 

D 3734 PLOO (1) 

K 3738 notr (1) 

K 3738 PLOO (1) 

? 4035 BOT? (2) 

? 1035 PLOO (1 )  

O 8091 8OtT (2) 

1 4041 PLOO (1) 

OO/OR 

09/08 

O P / O R  

0 0  /OR 

OQ/OR 

OS/OR 

DQ/OR 

04/0R 

OO/OR 

08 /08  

o o / o u  

09/00 

3 9 / 0 1  

04/08 

A-3 3.3 t -1 .1  I 03 

11-3 L.r. 1.1 I 09 

it- 3 L.T. 2. I 03 

11-3 Lor. 7.2 E 0 3  

R-3 1.63t-o.  i 6 e  oq 

8- 3 L.T. 2. R 03 

A-3 Lor. 2. 8 0 3  

o a t 2 2  

09 /22  

09 /22  

09 /22  

00 /22  

09 /22  

09/22 

0 - 3  Lor. 3. a 03 0 9 / 2 2  

A-3  3.3 + - l o 1  K 03 09 /22  

n-3 I.?. 2.0 I 00 OO/22 

n- 3 S.Ol~-O.SOB 09 04 /22  ' 

A- 3 9.32*-O.COt 09 04/23 

1-3 ' 0.7 t-1.1 I 03 0 % / 2 3  

.B-3 L.?. 4. K 03 '. ' 09 /23  



20 June 1980 

Mr . John Goodri ch 
Gruy Federal  Inc.  
2500 Tanglewilde 
S u i t e  150 
Houston, TX 77063 

Re: W .  0. No. 3-2162 

Dear Mr. Goodrich: 

Enclosed i s  t h e  Report of Ana s f o r  he bove r 

50 VAN BUREN AVENUE 

WESTWOOD, NEW JERSEY 07675 

1201 L 664-7070 

TELEX 134474 TDYISOT WrWD 

- - .  

F? 

ferenced work order .  

Sample D-5, Teledyne number 90449 was not analyzed due t o  i n s u f f i c i e n t  
sample volume. 

Yours t r u l y ,  

Andrew Carmi chael 
TeleTrace Pro jec t  Coordinator 

AC : hp 
en c 1 o su re  s 

cc: Mr. T. Calhoun, w/encl. 

. 
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L 
TCLEDYNE I S O T O P E S  

REPORT OP AYALYSIS RUN DATE 06/17/03 

U O R R  O R D E R  NURSER CUSTORER P. 0. NURBER DATE RECEIVED DELIVER? DATE PAGE 1 

R R  J O l I N  GOODRICll  - R A L J A R A R  3 - 2 1 6 2  
GHUY FEDERAL I N C  
2 5 00 T A N G 1. E W I L D E 
S U I T 3  150 
HOUSTON TX 77063 

27-83 0 5/2 7/80 06/11/80 

UATER - G R O U N D  

TYLF DY NE COLLECTION-DATE NID-COURT 
SAf lPLR CDSTOVi?R * S STA START w o e  ACT1 V I  T I NUCL- U NIT- % T I R E  voLune - UNITS 
YUllOER I D S N T I F I C A T I O N  N U N  DATE T I K E  DATE T I R E  NUCLIDE ( p C i / l i t e c )  U / N  * DATE T I R E  ASH-UGHT-% * LAB. 

9 0 4 4 0  P 1 CO'IDCD MCA 358 05/16 I!- 3 5.85+-0.59E 05 06/10  5 

90441 D 1 covoco ncn 358 05/16 H- 3 3 . 5 1 + - 0 . 3 5 E  05 06/10 5 

90442 P 2 CONOCO nca 3 5 8  05/16 H- 3 3 . 3 6 + - 1 . 0 8 E  04 06/10 5 

90443 D 2 COYOCO YCA 358 

," 9 0 4 4 4  P 3 CONOCO YCA 358 
Is 

05/16 

05/ 16 

11- 3 7 . 5 3 + - 0 . 3 5 E  0 4  

H- 3 8.93+-0.09E 05 

06/10 

OG/lO 

5 

5 

5 00445 D 3 CONOCO HCA 358 05/16 H- 3 4.02+-0.405 05 

90446 P 4 CO*lOCO YCA 358 05/16 H- 3 1.58+-0.161 04  06/10 5 

9 0 9 4 7  D 4 COVOCO NCA 358 05/16 H- 3 2 . 2 6 2 - 0 . 2 3 ?  05 06/10 5 

9 0 4 ~ 8  e 5 CONOCO RCA 358 05/16 11-3 3 . 3 9 + - 0 . 3 4 E  OS 06/10 5 

9 0 4 ~ 3  D 5 coioco Ycn 3 5 8  05/16 H- 3 NOT ANALYZED 5 

qouso P 6 covoco Ycn 358  05/16 11- 3 2 . 6 6 + - 0 . 4 2 5  03 06/10 5 

06/10  

Y O U 5 1  D 6 CO?JOC? RCA 358 05/16 
I )  .I 

90452 P 7 CO3OCO NCA 358 05/16 

I I -  3 1 . 5 0 + - 0 . 3 O E  OS 

11- 3 1 . 3 0 + - 0 . 1 Y B  04  

06/10 

06/10 
, .I , I  

5 

5 

3 0 4 5 3  D 7 CORDCO RCA 358 OS/ 16 H- 3 1 . 1 6 + - 0 . 1 4 E  0 4  06/10 5 



c 

RR JOHV COODRICH - RALJANAR 
G R t l Y  PEDERAL I X C  
2500 TqNGLEWILDR 
S U I T E  150 
HOIJSTOTI TX 77063 

TELEDYNS 
SAWPCI! CUSTORER’S 
NURSZR I D F ’ l T I F I C A T I O Y  

90458 P 8 COVOCO llCA 358 

90455 D 8 CONOCO FICA 358 

90456 P 9 COVOCO FICA 358 

90457 D 9 CO’IOCO RCA 358 

gous5 P io couoco ncn 358 
N 

90459 D 10 CONOCO MCA 358 

Y O 4 6 0  P 1 1  COPOCO RCA 358 

90461 D 1 1  co-roc0 R C A  358 

90462 P 12 COUOCO 9CA 358 

90463 D 12 CO’IOCO PICA 358 

90464 P 13 co“10co ncn 358 
90465 D 1 3  COXOCO ACA 358 

90466 P 1 U  lCOWKO*RCA 358 

90467 D 1Y CONOCO %CA 358 

TELECYNE I S O T O P E S  

REPORT O F  AYALYSIS RUN DATE 06/11/80 

WORK O R D E R  rJURBER CUSTOXER P . 0 .  NUi lEER DATE R E C E I V E D  DELIVERY DhTE PAGE 2 

, 

3-2 162 27- 83 0 5/27/80 06/ 1 1/80 

WlLTER - GROU9D 

COLLECTION-DATE 
STA srnw S T O P  
U U n  DATE T I R E  DATE T I N E  NUCLIDE 

OS/ 16 H- 3 

05/16 H- 3 

05/16 H- 3 

05/16 11- 3 

OS/ 16 I{- 3 

05/16 H-3 

05/16 €1- 3 

05/16 H-3 

OS/ 16 H- 3 

05/16 H- 3 

05/16 H- 3 

05/16 11- 3 

05/16 11- 3 

05/ 16 [I-  3 

A C T I V I T Y  NUCL-ON IT-% 
( pCi/liter) u/n * 

L.T. 2. E 03 

2.26+-0.23E 04 

8.16+-0.82E 04 

1.17+-O.l2E 05 

2.35+-0.24E 05 

2.2‘)+-0.23R 05 

3.10+-0.31E 05 

2.9 3+-0.29E 05 

3.36+-0.34E 05 

2.11t-O.21F OS 

L.T. 1.5 E 04  

4.23+-0.42E 04 

3.3 1 t - O .  339 04 

7.3FI-0.74E 04 

RID-COUJT 
T I R E  

D n T E  T I R E  

06/11 

06/11 

06/11 

06/11 

06/ 1 1  

06/11 

06/ 1 1  

06/11 

06/11 

06/11 

06/11 

06/11 

06/11 

06/ 12 

VOLUtlE - UNITS 
BSH-WSIIT-X * L B B .  

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

.a , I 



c 
T E L E C Y N E  I S O T O P E S  

RI??ORT OF AVALYSIS RUN DBTE 06/17/80 

PAGE 3 U O R R  ORDER NUNBFR COSTOP!TR P.0. N U n O E R  DATE RECEIVED DELIVERY DATE 

R R  J011V GOODRICII - YALJf i lJRR 3-2 162 
CRUY FEDERAL IVC 
2500 TnUGLEWILDC 
SIIITE 150 
HOUSTON TX 77063 

27- ti 3 0 5/2 7/80 06/ 11/00 

UATER - GROUND 

TELFDYNE COLLECTION-DATE fl ID-COUNT 
SA?IPLE CUSTOl  E!?' S STA START S T O P  ACT17  I T P  IUCL-UY I T -  3 t13e VOLURE - UNITS 
YUPBES I D E V I F I C A T I O N  NU3 DATE TIVE DATE TIf lE NUCLIDE ( p C i / l i t e r )  u/n * DATE T I N E  ASH-WCHT-% * L A B .  

3 s  1 

9046R P 15 CO'fOCO 3CA 358 05/16 H- 3 1.51+-0.205 04 06/12 5 

90469 D 15 COYOCO I C A  358 05/16 A- 3 1.32+-0.15E 04 OG/12 5 

06/12 5 90470 P ifj CONOCO Ncn 358 05/16 H-3 U. 32+-0.43E 04 

90471 D 1 6  covoco ficn 358 05/16 

05/16 

90473 D 17 COYOCD 1CA 350 05/16 

90474 e 18 c o v o c o  ncn 358 05/16 

8 .  

N 

0 
hl 90472 P 17 C O W C O  RCA 358 

l i -  3 3.lu+-0.31E 04 

A- 3 8.6 +-1.7 E 03 

H- 3 6.9 +-1.2 P, 03 

f f -  3 3.62+-0.3GB 04 

06/12 

06/12 

06/12 

06/12 

5 

5 

5 .  

5 

00475 D 18 COYOCO RCA 358 05/16 H- 3 2.78+-0.;8E 04 06/12 5 

06/12 5 90476 P 19 CONOCO MCA 358 05/16 H- 3 1.15+-0. l4E 04 

90477 D 19 COVOCO kCA 358 05/16 

90978 P 20 CONOCO ncA 358 05/16 

~ 7 9  D 20 coaoco ncn 358 05/16 

90480 P 21 tCOWOCd'UCB 358 05/16 

90481 D 21 COIUXO HCA 358 05/16 

H- 3 5 .ab+-o .w?  04 

H- 3 1.28+-0.15E 04 

H- 3 2.2U+-O. 2 2 1  ou 

H- 3 8.4 +-1.3 E 03 

It- 3 5.31+-0.53E 01( 

06/12 

06/12 

06/13 

06/13 , ' 0 . 1  

06/13 

, 



c 

R R  JOHN GOODRICH - VALJROAR 
G R 0 P  FEDERAL XNC 
25 0 0 T A NC L E W I L D E 
SUITE 150 
ROOSTON TX 77063 

T E LE D Y tI I! 
s n * p L e  
N U M D ? R  I D E Y T I F I C A T I O N  

90482 P 2 2  COPOCO ?lCA 358 

90483 D 2 2  COYOCO VCA 358 

YO484 P 23  COYOCO P!CA 358 

90485 D 2 3  CONOCO PICA 358 

90486 P 24 CO'IOCO PICA 358 

90487 D 24 CONOCO IICA 358 

9045U P 2 5  CO'JOCO YCA 358 

90U8C, D 2 5  CDNOCO MCA 358 

C O S T 0 3  E R * S 

N 
I& 

90470 e 26 COVIOCO RCA 3 5 8  

90491 D 26 CO*lOCO 3CA 358 

90492 P 27 COYOCO tlCA 358 

90493 D 27 CO!JOCO RCA 358 

, r  '8 
? 

/ 

T S L E  DY N E I SOTOPF: S 

REPORT C P  ANALYSIS R U N  DATE 06/17/80 

WORK ORDER AUMBER CUSTO!IER P . 0 .  X U R B E R  DATE RECEIVED DELIVEIIY DATE PAGE 4 
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