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EXECUTIVE SUMMARY

The Bureau of Economic Geology (BEG), The University of Texas at Austin, undertook a
reservoir characterization study of the Middle Frio Formation in Umbrella Point field, Galveston
Bay, Texas, on behalf of Goldking Production Company, Houston, Texas (the operator). The
primary objectives were to integrate geologic and reservoir information available on the field and
jdentify reserve-expansion potential in State Lands. |

Umbrella Point field is in a rollover anticline in Middle Frio Formation sandstones, in the
footwall of a growth fault underlain by diapiric shale. The reservoir interval consists of stacked
distributary-channel, delta-front, shoreface, barrier-island, and shore-parallel bar sandstones,
interbedded with shales. The best recoveries have been from zones characterized by uniform
channel and barrier-core sandstone deposits, separated by shales.

Cross sections were used to correlate zone tops and collect log facies information. Four 2-D
seismic lines were used to map the structural setting of the field, and structure maps were prepared
using combined log and seismic data. Log facies were used to interpret gross stratigraphic
divisions and depositional environments of the sandstones. Contoured sandstone thickness and
reservoir porosity maps were made for each zone. Individual well histories were interpreted from
Railroad Commission of Texas and commercial production data. Cumulative production and
Interpreted drainage area were mapped for each zone. Original hydrocarbons in place were
calculated from average field parameters in 40-acre blocks and used to estimate the distribution of
remaining mobile hydrocarbons.

Cumulative production from Umbrella Point field through the end of 1995 was 16.8 MMbbl
of oil and 100.7 Bcf of gas from 36 wells developed in 18 zones. The current production rate is
320 bopd and 4.3 MMcfgpd from 12 wells with 14 completions. Water is diéposed of at a rate of
6,000 bpd. Original hydrocarbons in place at Umbrella Point are calculated volumetrically at

$9.7 MMbbl of oil and 299.9 Bef of gas. Remaining mobile hydrocarbons are estimated at




32.4 MMbbl of oil and 173.3 Bef of gas. Average recovery efficiency is 28.2 percent for oil and

33.5 percent for gas.

This progress report targets 34 individual 40-acre blocks for infill drilling or recompletions.
These targets have from one to eight prospectivé zones each. Large-scale copies of all reservoir
¢haracterization maps and prospect definition plots are supplied with this report. Detailed reservoir
analysis by means of an Excel data base (supplied with the report) can be tailored to specific

¢conomic and engineering criteria. The BEG remains at Goldking’s dispbsal to identify specific

well locations, including working with 3-D seismic data and possibly studying other parts of the

—1

Umbrella Point area.

METHODOLOGY

Umbrella Point field was selected for study as a result of hydrocarbon-potential evaluation on

o a)

itate Lands in Texas (Holtz and Garrett, in press). The present study involves the correlation and

analysis of well logs from 52 wells in and around the field, in a 16-mi2 area. Figure 1 is a regional

[

nap showing the structural context of Umbrella Point field. Figure 2 is a base map showing well

o

lesignations. Structure and sandstone-thickness maps were prepared for 15 reservoir zones.

|

figure 3 is a type log showing the reservoir zones analyzed in this study. Production data were

rovided by the operator, and additional data were obtained from the Railroad Commission of

- 3

[exas. Copies of four 2-D seismic lines were supplied by Goldking. Limited reservoir
performance and laboratory data were also supplied by the operator, including core-analysis data
for most of the producing horizbns, produced water analyses, side-wall cores, well-completion
history of Goldking’s wells, and a two-volume engineering report prepared by W. D. Von Gonten
arnd Co., Inc., in connection with Goldking’s original purchase of mineral interests in the field in
1995. | |

A set of cross sections was constructed by using all of the well logs available to correlate zone

[l

bps and collect log facies information. Seismic lines were used to map the structural setting of the

field, and structure maps were prepared using combined log and seismic data. Log facies
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Figure 1. Semiregional structure map contoured on the top of the Frio Formation showing the
geologic context of Umbrella Point field. Other similar Frio sandstone fields shown.
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Figure 2. Base map of Umbrella Point field showing well locations and numbers. Type log
location indicated.
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Figure 3. Type log from well 74-3 in Umbrella Point field. SP and shallow resistivity curves
shown. MFS horizons correspond to those shown in cross section A—A’. Zone designations
indicated for productive interval. Dominant produced fluid type indicated by color.



information was collected for all wells and used to interpret gross stratigraphic divisions and
depositional environments of the sandstone zones. Contoured sandstone thickness and zone
average reservoir porosity maps were made for each zone. Production data were mapped by zone,
showing interpreted drainage areas of oil, gas, and water. Original oil and gas in place were
calculated from average field parameters in 40-acre blocks.

All log and well data were collected on Excel spreadsheets. Spreadsheet structure is uniform
throughout the data base. Many of the data-processing tasks were performed by interlinking the
gpreadsheets and merging production, well test, and geologic information together for integrated

interpretations.

A key factor and problem in interpretation of production history of Texas oil wells is the

allocation of reserves to individual wells on multiwell leases. Operators are only required to submit
roduced-fluid data for the entire lease. Individual wells are tested periodically to establish their

llowable production rates. At Umbrella Point, these tests were taken four to six times per year in

| he early decades of the field’s history. Allowable rates are published monthly in the oil-proration

schedule.

Gas wells do not present as difficult a prqblem as do oil wells. Their fluid production is

teported on an individual-well basis. The gas proration schedule, however, does not consistently

report test information nor well status.

A set of Excel spreadsheets was prépared to collect and subdivide oil and gas production

gmong actively producing wells, lease by lease and zone by zone. Fluid production from any oil

lease is accompanied by a set of potential tests from all active oil wells on the lease. The oil was

located in accordance with relative proportions of the test production rates of those wells.

o

Because potential tests include gas:oil-ratio (GOR) and water-production rates, the amounts of gas
and water associated with produced oil were also calculated. These amounts were recorded as

gorrected yearly production volumes. No water data were available for gas wells.




Finally a set of Excel spreadsheets was assembled to calculate reservoir volumetric
hydrocarbons in place and remaining mobile hydrocarbons for 40-acre blocks across the field.

I'hese were used to identify and substantiate prospective areas.

GEOLOGIC SETTING

The Upper Oligocene to Lower Miocene Frio Formation is divided into three operational
wnits, Upper, Middle, and Lower, by Galloway and others (1982). These were correlated
throughout the Gulf Coast regfon in many studies in the 1980’s. The reservoir interval at Umbrella
Point includes the entire Middle Frio section. The Upper and Lower Frio Formation are
predominantly shale in the area, although both contain reservoir sandstones elsewhere. The Frio
Formation is overlain by the Lower Miocene Anahuac Shale throughout the Galveston Bay area.
The Frio overlies the Lower Oligocene Vicksburg Formation, another sandstone-shale sequence.
The Frio Formation in the Umbrella Point area strikes east-northeast. Regional dip at its top is
goutheastward at 250 ft/mi, or 2.7°. Figure 1 shows regional structure contoured at the top of the
eservoir interval. Gross thickness of the Frio Formation is about 6,000 ft at Umbrella Point, but it
11creases gulfward from 4,000 to 8,000 ft across Galveston Bay. Regionally the structure is
complicated by large-scale growth faults, salt tectonics, and lateral migration of geopressured
ghale. Three major fault zones intersect the Frio Formation in the Bay area: (1) the Vicksburg
flexure beneath the north-shore area, (2) the mid-Frio flexure through central Galveston Bay, and
(3) the Upper Frio flexure at the coastline (Gordon, 1982). All three of these produce thickening in
the gross section. Most growth is in the lower part of the section. Seismic reflectors in the Anahuac
Shale and the Upper Frio Formation show only slight drape over the deeper growth structures,
glthough the largest faults extend far into the Miocene above. Local structure is enhanced by shale
diapirism. No salt domes have been found near Umbrella Point, although some occur within the
(alveston Bay area.
At Umbrella Point field, the principal trapping mechanism is a rollover anticline on the

downthrown side of a smaller growth fault, which defines the northern limit of the hydrocarbon




accumulation (Galloway and others, 1982; Tyler and Ambrose, 1985). Another subparallel growth
fault defines the southeni limit. Flgure 4 shows a dip-normal structural cross section of the
productive structure. Some prodﬁction has been obtained from the upthrown side of the northern
boundary fault, which is considered a separate trap called Umbrella Point North field in Railroad
Commission of Texas records. Some hydrocarbons have been found on the downthrown side of
the southern boundary fault as well. These generally occur deeper in the séction. Gas
gccumulations produce marked direct hydrocarbon indicators on seismic data in the trap area.

The Umbrella Point field boundary faults are of modest size. Maximum vertical displacement

of the northern boundary fault is about 200 ft. The synthetic southern boundaiy fault has a

isplacement of about 100 ft. Most growth on these faults took place before deposition of all Frio
ormation reservoir sandstone zones, and displacements deeper in the section appear much greater
n the seismic sections. According to 2-D seismic data, all displacement on these faults appears to
ie out below the top of the Anahuac Shale, immediately above the Frio Formation. Well log cross
sections suggest that a smallk amount of displacement (20 to 30 ft) extends into the overlying beds.
Numerous small synthetic and antithetic faults cut into the Anahuac Shale. These small faults can

ﬂoe traced between wells in some cases, and they commonly have displacements of 30 ft or less.

STRATIGRAPHY

The sandstone zones of the Frio Formation at Umbrella Point are easily correlated across the
field. Some channel or slump scouring can be seen on cross sections, and some zones shale out in
parts of the field area. Zone tops were chosen generally at the bases of shales but not as the tops of
sandstone bodies.

Galloway (1989) described sandstone-shale “genetic sequences” bounded by marine flooding

urfaces (MFS) in Tertiary deposits of the northern Gulf of Mexico area. These sequences are

w

gomposed of smaller scale sand-shale depositional cycles. At Umbrella Point, zones are generally
¢omposed of one or more of these small-scale cycles. Commonly an MFS (generally recognized as

4 local maximum SP deflection) occurs near the base of a thicker, more widely correlatable shale
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‘igure 4. Dip-normal cross section of Umbrella Point field. Line of section shown in figure 1. -

MIFS correlations marked by letter. High-frequency cycles indicated by designations D1, D2, D3,
nd D4. _




interval. Shales separate most zones, but not all of them are interpreted to contain an MFS. Figures
3 and 4 show the MFS mapped in the Umbrella Point area. Four higher order cycles have been

named in MFS-D, and they afe shown on the cross section (fig. 4) as dashed horizons.

RESERVOIR DESCRIPTION

The Frio Formation is geopressured at depth, but the reservoirs at Umbrella Point are not.
Below 11,000 ft, wells encounter geopressured shale throughout the area. Drilling practices for
deeper wells place casing seats between a 10,000— and 10,500-ft depth, at the transition to
gxcessive pressures. Drilling mud weights of as much as 17 ppg are used for deeper wells.
Well log facies were determined from the SP log curve for each zone and recorded on an
Excel spreadsheet. Maps were constructed of the distribution of facies codes for all reservoir
Zones. These were used as guides for sandstone thickness contouring. -

Generally, upward-coarsening packages are interpreted to be progradational shoreface and

elta-front units. Stacked blocky sandstone packages are interpreted to be barrier-island deposits.
oth types were contoured as shore-parallel bodies. Upward-fining packages are interpreted to be
channel deposits (contoured shore-normal), transgressive inner-shelf sandstones (contoured
sheetlike), or local slump deposits, depending 6n their areal distribution. Thin sandstones encased
in thicker shales are interpreted to be storm deposits, contoured as shore-parallel bodies. Upward-

fining tops of many sandstone zones are interpreted to have been caused by reworking during

n

mall-scale marine transgression in the higher frequency depositional cycles.

Log facies types at Umbrella Point indicate dominantly deltaic and barrier-island depositional
environments, consisting of distributary-channel systems, barrier cores, and inner-shelf marine
deposits. Upper zones appear to have the most fluvial influence. The sandstone-richest zones (F-2,
F-3, F-12, and F-15) show channel-base scour on the order of 20 to 60 ft. They possess the
blockiest log character and are interpreted to be aggraded barrier cores complicated by distributary
channels and wave-dominated delta deposits. Zones F-4, F-5, and F-9 show the typical SP log

character of distributary-channel sandstone deposits. Zones F-6, F-7, F-10, and F-16 show

10




progradational log chéracter, representing shoreface and frontal splay deposits. Zones F-11 and

IF-14 are interpreted to be storm deposits.

LOG INTERPRETATION

Most Umbrella Point wells have only old electric survey logs. A few wells have short

W

ections of contact resistivity log data, and only two wells have modern porosity log suites.

The SP log was used to identify reservoir sandstone. It is readily apparent that the amount of

| o)

P deflection from the shale baseline varies considerably from the top of the productive interval to
ifs base. The variation in salinity of produced water corresponds with an expected reduction in SP
character. The logs were interpreted by marking a shale baseline and maximum deflection line,
both of which change with depth. Relative SP values indicate the position of the SP curve, with
respect to these lines, with zero at the shale baseline and one at the maximum deflection line.
Values recorded on the Excel spreadsheet represent the quality of the sandstone within the zone.
The relative measure indicates the degree of purity, and it is used in transforms to estimate

reservoir permeability and porosity from logs. Amount of reservoir sandstone was estimated from

—+

he footage of relative SP that exceeds 0.25.
The SP curve is sensitive to layer thickness of less than 10 ft. To aid in characterizing the SP
quality in each sandstone zone, measures of thickness of the thickest sandstone layer and total

number of separate sandstone layers in the zone are recorded in the Excel spreadsheet. A sandstone

o

5 considered divided into separate layers when a point in it falls below a relative SP value of 0.5.
The reservoir quality (porosity) of a sandstone zone is assumed related to its relative SP value
and the layered nature of the sandstone. Relative quality of the thick sandstones and the average

thin sandstones are calculated separately.

11




FIELDWIDE VOLUMETRICS

Original hydrocarbons in place were estimated for each zone by averaging reservoir
parameters in 40-acre blocks across the Umbrella Point structure. Original saturations and water
contacts were taken from the engineering study by Von Gonten. The residual oil saturation was
assumed equal to 0.15 (Galloway and others, 1982) and the residual gas saturation to 0.05, for
estimation of mobile hydrocarbon volumes. |

Presence of a gas cap in oil reservoirs was derived by comparing the production GOR to
estimated oil solution GOR (920 scf/bbl) and the surface GOR of saturated gas (20,000 scf/bbl).
These values were taken from DST data recorded on scout tickets from the earliest wells. Any zone
exhibiting an intermediate production GOR was treated as a mixed reservoir with a gas cap. A
calculated gas—oil contact was set at a depth necessary to give a ratio of calculated mobile
hydrocarbons in place equal to the production GOR of the zone.

Reservoir hydrocarbon volumes were calculated by interpreting porosity from SP log analysis
and assuming original hydrocarbon saturation from the water contact upward. Gas-cap volume
was calculated separately from oil-leg volume by using the interpreted gas—oil contact to separate
them. Oil and gas volume factors were estimatéd on the basis of API gravity of oil, gas gravity,
and temperature according to published correlations (Craft and Hawkins, 1959). Oil and gas
recovery factors were calculated by using the volumetric hydrocarbon volumes described above
with production volumes by zone. Remaining mobile hydrocarbons in place were estimated by
subtracting the produced volumes from calculated mobile original hydrocarbons. Figure 5 shows
reservoir volumes of hydrocarbons for the whole field divided into produced, immobile, and
remaining fractions. Areas of the circles are proportional to original reservoir volumes of oil

and gas.

The first attempt to calculate volumetrics for zone F-15 yielded values unreasonably high in

comparison with the other zones. It is thought that the fluid contacts are not well defined in that

N

one because of internal complexity in the thick sandstone. Some subjectivity is necessary to

12
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Figure 5. Volumetrics pie chart. Areas of circles proportional to original reservoir volumes of
gas and oil.
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A

produce consistent calculations. Consequently, fluid contacts were assigned, which make
calculated recovery factors similar to those of the other oil zones (20 percent for oil and 25 percent
for gas).

A zone-by-zone summary of produced and reservoir volumes of oil and gas is given in

table 1. Zone F-1a stands out instantly as being suspect. The high recovery factors suggest that the
qalculated reservoir volume is insufficient to accommodate the reported production, which could be
due to errors in production reporting during many years of commingling. Initial production, from
zone F-5 in 1957, was followed immediately by development of zones F-1a and F-15, which were
gommingled with F-5 from the beginning. Total volumetric hydrocarbon calculation is probably’
gorrect, and total production is probably correct. The calculation of total mobile hydrocarbons is
therefore reasonable (assuming initial and residual saturations). Zone F-1a has possibly
gxperienced some recharging from deeper zones.

Mobile hydrocarbons reported in this report are conservative as compared with figures
teported to Goldking previously. Because the earlier figures were not constrained by as many

geological and reservoir performance criteria, they should be considered optimistic.

DISTRIBUTION OF UNDEREXPLOITED RESERVES

After hydrocarbon-volumetric calculation, distribution of remaining mobile hydrocarbons is
found by mapping the calculation blocks that pass prospect criteria. Calculation results are
provided as supplementary data for each reservoir zone, and a summary is prépared for all zones
together. An area of underexploited reserves is recognized in the lower eastern fault block
(Block C), which occupies approximately the southern half of section 87. Because this block
does not have a well-developed production hisfory, it should be assigned higher risk as a
prospective area.

For example, the remaining mobile hydrocarbons criteria that wer;used to identify 40-acre
target blocks are 50 Mbbl for an oil prospective zone and 1 Bef for a gas prospective zone. These

griteria can easily be changed on the Excel spreadsheet. A block has a possible prospect target in a

14
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TOTAL

Type

gas
oil
oil
gas
oil
gas
gas
oil
gas
oil
oil
oil
gas
oil
gas

Table 1. OOIP, OGIP, and remaining mobile hydrocarbons.

Production

Mbbl Bef
263 6.06
2126 3.89
165 0.38
938 37.56
9633 10.16
25 1.20
86 5.06
790 5.98
149 7.70
504 3.85
181 2.65
320 4.01
77 7.21
1571 5.56

13%* D2 .24%%*

16830 100.50

(010)1
Mbbl

640
3041
1552
1825

35258

251

437
3819

392
2556

769

1211 -

209
7712
34

59705
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OGIP
Bef

14.74
3.91
2.55

73.09

36.11

11.99

25.87

24.02

20.28

16.18

10.04

13.33

19.60

22.37
5.82

299.90

RMO
Mbbl

338
272%
1061
770
19119
204
314
2448
219
1664
493
734
120
4761
31

3238

RMG
Bef

7.78
15%
1.60
30.85
19.73
9.76
18.62
16.22
11.31
11.11
6.63
8.36
11.22
14.56
5.39

173.30

Recovery factors

0il

%0O0IP
41.12
69.92%
10.61
51.39
27.32
10.03
19.70
20.68
37.96
19.70
23.57
26.42
36.79
20.36

0.

28.18

*Values are probably affected by commingling allocation errors and/or charging from deeper zones.
*#Production in zone F-16 is from northern fault block A only, not considered in this study.

QOIP = original oil in place; OGIP = original gas in place; RMO = remaining mobile oil; RMG = remaining
mobile gas. Production is cumulative through 1995.

Gas
%O0GIP

41.12
78.97*
14.84
51.39
28.15
10.03
19.70
24.89
37.96

© 23.78

26.42

30.08

36.97

24.85
0.

33.51
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single zone if it passes either of the limiting criteria. The number of prospect targets (different
Zones) in each block is shoWn in the summary map (fig. 6). Contours are total remaining mobile
hydrocarbons as barrels of oil equivalent in all zones per 40-acre block. Gas is converted to oil
equivalent at the rate of 6 Mcf = 1 boe. |

Potentially prospective blocks were further screened according to percent recovéry of original
hydrocarbons in place. It is considered excessively risky to drill where a larger fraction of
hydrocarbons has been produced. In this example, no more than 20 percent of oil or 30 percent of
gas may have been produced from any prospective block. This limitation qualitatively allows for
the harmful effects of pressure reduction and gas or water ﬁngeriﬁg due to overexploitation. This
correction has been applied to the blocks described in the prospect summary. P
The presence of multiple stacked reservoirs reduces risk. The condition of older well bores
has not been considered in identifying these targets; many would need new wells drilled. Actual
drilling locations or recompletion opportunities should be selected by picking the best positions in
the target 40-acre blocks. More than one drilling location could be available in the blocks that have
gxcessive mobile hydrocarbons. Locations should be chosen on the basis of patterns of porosity,
net sandstone thickness, and structural relief. Maps of drainage areas can be used to avoid

proximity to other wells that have drained the same zone (interference).

PROSPECT SUMMARY

Thirty-four individual 40-acre blocks pass all prospect criteria. Tablé 2 is a ranked list of
prospective blocks that presents all blocks having at least one target zone. They are ranked in order
af the number of targets, then by oil-equivalent of the deepest target (gas expressed as 6 Mcf=

I boe). Ranking and target volumes should be used along with reservoir maps to develop well

lpcations.

16
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Figure 6. Summary of reserves expansion potential. Contours are of remaining mobile
hydrocarbons as Mboe. Patterned blocks indicate distribution of prospect target zones.

17



Table 2. Ranked list of prospective blocks.

Block Total Total Deep Deep
number targets Mboe target Mboe
74-13 8 2944 F-15 296
87-5 8 3414 F-16 241
74-14 7 2552 F-15 738
87-6 7 1444 F-15 357
87-10 7 2424 F-10 337
87-11 7 2480 F-15 104
87-12 7 1308 F-15 100
88-1 6 1603 F-10 294
73-16 6 1702 F-10 71
87-2 6 1498 F-10 54
87-4 5 1819 F-16 244
88-8 5 1186 F-15 216
87-7 5 1026 F-10 64
87-3 4 1147 F-15 628
87-14 -4 1547 F-15 244
74-12 4 1111 F-8 232
74-8 4 1532 F-15 125
73-9 4 1209 F-8 118
88-9 4 704 F-15 81
87-1 3 1446 F-8 197
74-10 3 788 F-8 103
87-13 2 1966 F-5 1723
74-7 2 742 F-5 549
74-11 2 816 F-8 445
87-15 2 460 F-5 268
87-8 2 346 F-5 176
74-9 2 814 F-8 115
73-15 2 338 F-5 112
87-16 1 875 F-5 875
88-7 1 248 F-4 248
88-2 1 175 F-5 175
74-15 1 163 F-5 163
88-16 1 100 F-la 100
87-9 1 53 F-5 53

18



CONCLUSIONS

The Umbrella Point study documents unproduced mobile hydrocarbon resources of
32 MMbbl of oil and 173 Bef of gas remaining in the central and downdropped southern fault
blocks of Umbrella Point field (Blocks B and C). These unexploited hydrocarbons indicate past

e

#efﬁcient reservoir development and operation by competing field operators and an absence of

previous fieldwide reservoir studies. This study identified 34 individual 40-acre blocks that pass all
prospect criteria. They contain from one to eight stacked prospective reservoirs. The presence of

ultiple stacked reservoirs reduces risk. The condition of older well bores has not been considered

i o

n identifying these targets. Locations should be chosen on the basis of patterns of porosity, net
sandstone thickness, and structural position. Multiple drilling locations may be possible in blocks
having large enough volumes of remaining hydrocarbons.

The analysis in this paper is based on interpretation of average reservoir parameters. Drainage
areas are based on plug displacement of hydrocarbons by water, and perfect sweep throughout thé
reservoir volume. Some prospect-limiting criteria can qualitatively accommodate deviation from the
ideal model, but errors may be larger than can Be anticipated. A thorough, history-matched
reservoir simulation may be needed to better resolve uncertainty, but generally it is impossible in
ald fields such as Umbrella Point because of a dearth of data and data quality. The methodology
described in this paper is meant to be a tool for evaluating the potential of an old field by generating
an integrated and consistent geologic, reservoir, volumetric model of the distribution of remaining

hydrocarbons.
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Appendix 1. Description of reservoir data provided.

This report includes a large data set in the form of digital Excel files on CD-ROM and
hardcopy maps. Zones analyzed include F-1, F-1a, F-1b, F-4, F-5, F-6, F-7, F-8, F-9, F-10,
F-11, F-12, F-14, F-15, and F-16. These are the ones referred to as “all zones” in the following
lists. The data files on the CD are described below:

Main directory -

diam_gas.xls
diam_o&g.xls
diam_wtr.xls
facodes.xls
get_Dgas.xls
get_Do&g.xls
get_Dwtr.xls
get_SSb.xls
isopach.xls
kh_graph.xls
meansand.xls
netgross.xls
netpay.xls
netsand.xls
OWC.xls
porosity.xls

post_gas.xls
post_oil.xls
post_gas.xls
prod_gas.xls
prod_oil.xls
prod_wtr.xls

relSP.xls
res_indx.xls
res_kh.xls
resist.xls
resv_gas.xls

resv_oil.xls
resv_wtr.xls

sandfac.xls
sandlyrs.xls
subsea.xls
td.xIs
thksand.xls
timedep.xls
tops.xls

interpreted drainage diameter for gas by well and zone

interpreted drainage diameter for oil and gas by well and zone

interpreted drainage diameter for water by well and zone

facies code numbers for sandstone layers

retrieved gas drainage diameter prepared for plotting on maps

retrieved oil and gas drainage diameter prepared for plotting on maps

retrieved water drainage diameter prepared for plotting on maps

subsea depth of top of producing zones

zone isopach

graph of permeability transform

average thickness of thinner sandstone layers

zone net-to-gross ratio

amount of sandstone above OWC by zone

sandstone thickness by zone (from logs)

OWC subsea depth (interpret