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mmmy Houston Lighting & Power PO. Box 1700 Houston, Texas 77001 (713) 228.9211]

October 12, 1985
ST-HL-AE-1399
File No.: G9.17

Mr. George W. Knighton, Chief
Licensing Branch No. 3

Division of Licensing

U. S. Nuclear Regulatory Commission
Washington, DC 20555

South Texas Project
Units 1 and 2
Docket Nos. STN 50-498, STN 50-499

Responses to DSER/FSAR Items; Section 2.5
Dear Mr. Knighton:

The attachments enclosed provide STP's response to Draft Safety
Evaluation Report (DSER) or Final Safety Analysis Report (FSAR) items.

The item numbers listed below correspond to those assigned on STP's
internal list of items for completion which includes open and confirmatory
DSER items, STP FSAR open items and open NRC questions. This list was
given to your Mr. N. Prasad Kadambi on October 8, 1985 by our Mr. M. E.
Powell.

The attachments include mark-ups of FSAR pages which will be
incorporated in a future FSAR amendment unless otherwise noted below.

The items which are attached to this letter are:

Attachment Item No.¥* Subject

1 F 2.5-1 Section 2.5.4 and 2.5.C;
Incorporate the latest dates that
figures were updated. Have also
included updated Sections 2.2.2 and
2.5.1 which pertains to oil and gas
production.

.5-21 Table 2.5.C-3; Semi-annual update

5-31 Fig. 2.5.C-9; Geotechnical instru-

mentation heave/settlement

movement. (Unit 1)

* Legend

D - DSER Open Item C - DSER Confirmatory Item /
F - FSAR Open Item Q - FSAR Question Response Item ,/3]¢¢9

L1/DSER/s :

510180241 851012 /
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Houston Lighting & Power Company
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Attachment Item No.* Subject a -
1 (Cont’'d) F 2.5-32 Fig. 2.5.C-10; Geotechnical instru-

mentation heave/settlement
movement. (Unit 2)

F 2.5-33 Fig 2.5.C-11; differential
movements between buildings.
(Unit 1)

F 2.5-34 Fig 2.5.C-12; differential
movements between buildings.
(Unit 2)

F 2.5-35 Fig’'s 2.5.C-13A & 13B; differ-
ential movement profile between
buildings (Unit 1)

F 2.5-36 Fig’'s 2.5.C-14 & 14A; differ-
ential movement profile between
buildings (Unit 2)

F 2.5-39 Figure 2.5.C-19A; regional near-
surface subsidence monitoring

F 2.5-43 Figure 2.5.C-20; regional upper
shallow aquifer monitoring data

F 2.5-41 Figure 2.5.C-21; regional lower
shallow aquifer monitoring data

F 2.5-43 Figure 2.5.C-23; cross-section
L-M horizontal subsidence
monitoring

F 2.4-44 Figure 2.5.C-24; cross-section
H-E horizontal subsidence
monitoring

F 2.5-45 Figure 2.5.C-25B; regional
subsidence and deep aquifer

F 2.5-46 Figure 2.5.4-65; plezometric level
vs. time (Unit 1)

F 2.5-47 Figure 2.5.4-66; piezometric level
vs. time (Unit 2)

F 2.5-48 Figure 2.5.4-70B Historic
piezometric levels of deep aquifer
zone

If you should have any questions concerning this matter, please
contact Mr. Powell at (713) 993-1328.

Very truly yours,

¢
~ -
burg B
lear Licensing
JSP/bl
Attachments: See above
* Legend
D - DSER Open Item C - DSER Confirmatory Item
F - FSAR Open Item Q - FSAR Question Response Item

L1/DSER/s



ce:

Hugh L. Thompson, Jr., Director
Division of Licensing

Office of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Commission
Washington, DC 20555

Robert D. Martin

Regional Administrator, Region IV
Nuclear Regulatory Commission

611 Ryan Plaza Drive, Suite 1000
Arlington, TX 76011

N. Prasad Kadambi, Project Manager
U.S. Nuclear Regulatory Commission
7920 Norfolk Avenue
Bethesda, MD 20814

Claude E. Johnson

Senior Resident Inspector/STP

¢/o U.S. Nuclear Regulatory
Commission

P.0. Box 910

Bay City, TX 77414

M.D. Schwarz, Jr., Esquire
Baker & Botts

One Shell Plaza

Houston, TX 77002

J.R. Newman, Esquire
Newman & Holtzinger, P.C.
1615 L Street, N.W.
Washington, DC 20036

Director, Office of Inspection
and Enforcement

U.S. Nuclear Regulatory Commission

Washington, DC 20555

E.R. Brooks/R.L. Range
Central Power & Light Company
P.0. Box 2121

Corpus Christi, TX 78403

H.L. Peterson/G. Pokorny
City of Austin

P.0. Box 1088

Austin, TX 78767

J.B. Poston/A. vonRosenberg
City Public Service Board
P.O. Box 1771

San Antonio, TX 78296
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Brian E. Berwick, Esquire

Assistant Attorney General for
the State of Texas

P.0. Box 12548, Capitol Station

Austin, TX 78711

Lanny A. Sinkin
3022 Porter Street, N.W. #304
Washington, DC 20008

Oreste R. Pirfo, Esquire

Hearing Attorney

Office of the Executive Legal Director
U.S. Nuclear Regulatory Commission
Washington, DC 20555

Charles Bechhoefer, Esquire

Chairman, Atomic Safety &
Licensing Board

U.S. Nuclear Regulatory Commission

Washington, DC 20555

Dr. James C. Lamb, III
313 Woodhaven Road
Chapel Hill, NC 27514

Judge Frederick J. Shon

Atomic Safety and Licensing Board
U.S. Nuclear Regulatory Commission
Washington, DC 20555

Mr. Ray Goldstein, Esquire
1001 Vaughn Building

807 Brazos

Austin, TX 78701

Citizens for Equitable Utilities, Inc.
c/o Ms. Peggy Buchorn

Route 1, Box 1684

Brazoria, TX 77422

Docketing & Service Section

Office of the Secretary

U.S. Nuclear Regulatory Commission
Washington, DC 20555

(3 Copiles)

Advisory Committee on Reactor Safeguards
U.S. Nuclear Regulatory Commission
1717 H Street

Washington, DC 20555

Revised 9/25/85
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Two Big Three pipelines from the Freeport, Texas area carry oxygen and nitro-

gen to the Celanese Chemical Company. The closest approach of the pipelines

to STP is their termination point at the Celanese plant.

As of Rugust 1165

fal for future expansion of the oil and gas pro-

les of the site because each field {s surrounded by

of the structure of each field are known from reflec-
ere has been a decline in production in each field,
—excopi—for—the Petrucha field, which increasedin 1911 vhen twe new welle were—

—put—into-production~ Production zones in all the fields are in the Frio Forma-
tion at depths ranging from 10,200 to 12,650 ft. Development of producing
zones in Eocene age sands is unlikely because of the great depth of such sands
(estimated to be about 20,000 ft) in the vicinity of the site.

There is little or no pote
duction fields within 5
dry holes and the limit
tion geophysical data.

Data concerning the four fields within 5 miles of the site are shown in Table
2.2-3. An evaluation of the possibility of the development of oil and gas
production fields closer to the site than those now indicated on Figure 2.2-3
is presented in Section 2.5.1.1.6.6.7.2.

The proposed La Salle LNG terminal site is located about 35 miles southwest of |
the STP site and five miles northwest of Port O'Connor. A 36-inch pipeline 312.
trends in a west-northwest direction, 463 miles to Pecos County, Texas. The 02N
La Salle terminal is the pipelines’ closest point to the STP. (Ref. 2.2-20)

2.2.2.4 WVatervays. The primarv waterway in the vicinity of the site is
the Colorado River, which is used p:imarily for barge traffic. From the Gulf
Intracoastal Waterway, which is 175 ft wice and 12 ft deep, the river winds
along a 15-mile stretch until it approaches the turning basin. The river
channel is approximately 15 ft decp and 100 ft wide. The minimum depth of the
Colorado River between the Culf and the Crysen Terminal is 7-1/2 ft. During |5°
the 12-month period from July 1981 through June 1982, 1186 barges and 934 tug
boats used the river for the transportation of raw and finished materials to
the Celanese, DuPont, Parker Brothers, and Crysen facilities. There are
presently no plans by the U.S. Army Corps of Engineers (USACE) to enlarge the
river for larger operations. However, the USACE has begun a diversion project
at the mouth of the Colarado River.

The project is situated on the Texas Coastline approximately one mile south of
Matagorda (see Figure 2.2-6). The river diversion features are to be located
in Matagorda Bay and the Colorado River adjacent to the Gulf Intracoastal 50
Waterwvay near the town of Matagorda.

The project, initiated in May, 1984 and projected to be completed in the sum-
mer of 1988, {s expected to enhance the Bay’'s commercial productivity and take
advantage of incidental opportunities to provide flood control and reduce
navigation hazards and navigation maintenance dredging. Project details and
impacts are discussed in an Environmental Impact Statement prepared by the
USACE in March 1981.

2.2.2.5 Airports. The current aerial navigation charts (Houston sec-
tional) show only two airports within 10 miles of the STP. C-Level Farm, 9.5
miles to the west-northwest of the proposed plant, has a 3,700-ft turf runway.

2.2-4 Amendment 50
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1

3. Five-percentile meteorological conditions based or the data given in
Section 2.3 without building wake correction.

4. Distance downwind from break using the X/Q's where the centerline
concentrations reach the lower flammability limit of 5 v/o
(2.5 x 10°% 1b/ft®) and reach the upper flammability limit of 15 v/o
(75. x 107® 1b/ft®): 1,020 meters and 540 metcrs respectively for the
16=in. line and 1,550 meters and 800 meters respectively for the
30-in. line.

5. The amount of gas within the flammability iimits based on the amount of
gas relezsed in the time for plume to travel getveen the above points:
5.5 x 10" 1b for the 16-in. line and 1.7 x 10° 1b for the 30-in. line.

6. The equivalent amount gf TNT using the method of item 3 in Sectgon
2.2.3.1.4.1: 5.3 x 107 1b TNT for the 16~in. line and 1.6 x 10" 1b TNT
for the 30-in, line.

7. The resultant overpressure for a detonation centered at the midpoint of
the flammable mixture using the same methods as item & in Section

Since the overpressure is less than that due to tornado winds, the occur-
rence of this improbable event will rot affect the ability to safely shut
down the plant.

The above analysis is conservative since the amount of gas considered in the
detonation includes gas off tho centerline of the plume which is below the
lover flammability limit. This will be particularly significant for the
portion of the plume nearest the plant and will not only reduce the equiv-
alent yield but will also increase the effective distance from the plant.
The analysis is also conservative because the effects of buoyancy were
neglected. Methane has a density of approximately 50 percent of air, which
causes the gas to rise and leads to acditional dispersion.

1d entifre
2.2.3.1.5 Gas and 011 Production Pieldl:‘ The gas and oil production
fields within 5 miles of the STP site are in Section 2.2.2 and
Lheisr-location-ds shown on Figure 2.2-3, The closest
well to the STP site is a single well 1 e South Duncan Slough gas field,

approximately 1.6 miles from the neareSt STP safety-related structure.

As stated in Section 2,.2.1.4.6, is assessed that there is very little po-
tencic! € ¢ future expansion of £he oil and gas fields within 5 miles of the
STP site. This conclusion was Ppased on production data from the existing
fields and the geological data/for the site vicinity. Nevertheless, the
likelihood and potential consefjuences of accidents which might occur during
gas or oil well drilling operation or production operations adjacent to the
STP site were evaluated. This| analysis, summarized in Appendix 2.2.B, shows
that even if a gas well is dri)led at the worst location immediately adja-
cent to the STP site there would be no adverse effect on STP safety-related
structures. The fields within Matagorda County do not produce hydrogen sul-
fide gas, and the potential for\an accidental release of toxic gas within 15
miles of the STP site is therefoxe nil. This analysis also shows that the
existing gas well located 1.6 miles from the plant poses no credible hazard

to the STP plant. (Gas amd o/ precoctiom [ialds

art disevicee 1o anera eletol

1.1. 6. 6.72.
2.2-10 ' Seehiem d fm'endnent 35 >

s
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Type of Field
Total Number
Number of Wells
Production

Total Productien

Storage Facilities

Transportation Methods

STP FSAR

[ATTACHMENT 1
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PAGE > OF (C

GAS AND OIL PRODUCTION FIELDS WITHIN 5 MILES

OF THE STP SITE

South

Duncan Duncan Cane
Slough Slough Island Petrucha
0il & Gas Gas Cas Gas
12 10 0 ,k’J
Mo 0 Fa

g 3,2 53
(6)37,000%%  (G) 28 (G)945.5%%  (G)16 3%
(0)2, (0) None (0) None (0) None

LR ]

Storage None None None
Tanks
Pipeline Pipeline ———— Pipeline

#Gas production (G) in million cubic feet and oil production (0) in

barrels.

*#Cane Island Field was shut down March 9, 1972.

***Appébxinatiou.

2.2-18

Amendment 35
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extraction from this dome and other salt domes in the vicinity are discussed
{n Section 2.5.1.1.6.6.7.2. Salt domes in the vicinity have not been a source
of ground surface movements, except where exploitation activity by man such as
extraction of minerals and fluids has taken place.

2.5.1.1.6.6.7.2 Man's Activities - Man's activities resulting in sources
of potential ground surface movement in the vicinity of the site are: the
wvithdrawal of groundwater in the near surface; the withdrawal of oil and gas,
often accompanied by saltwater in the deep subsurface; the extraction of sul-
fur from the caps of salt domes from both near surface and subsurface; and the
storage of liquid petroleum gas in the cavities following sulfur extraction or
vithin salt domes.

1. Mineral Extraction and Fluid Injection

Mineral production in Matagorda County in the site vicinity has been confined
to subsurface extraction of groundwater, sulfur, oil, and gas. Waste indus-
trial fluids and liquefied petroleum gas are injected into the subsurface or

stored in cavities in salt domes in the vicinity of the site. These activi-
ties of man have a minimal impact on the stability of the ground surface at
the site"and in the surrounding area.

Groundvater is used to supplement water diverted from the Colorado River for
irrigation purposes in the region. These withdrawals have resulted in some
artesian head decline. Future groundwater withdrawal in the area and poten-
tial impact on ground surface stability are evaluated in the section. Ground-
vater conditions at the project site and in the surrounding areas are dis-
cussed in detail in Section 2.4.13. 01l and gas, both in volume and in value),

“rr-. ;-n‘ﬂ‘: ’03

have been the primary mineral extracted in the region. Within a radius of Q361.
miles of the plant site, there are 64 petroleum fields which have produced—4m 01
excese—of—300-million barrels of oil and <y396v866~-MMCF of gas. Of the 33 Lk
fields, 4] produce oil and gas and 23 produce| gas only, with condensate. The [Q23
locations of these fields are shown on Figure| 2.5.1-1. .02

in excess of L2cB, 000
Fluid injection (e.g., salt water, gas) is used for secondary and enhanced
recovery of hydrocarbons. According to the latest report on such operations
in Texas (Ref. 2.5.1-169) which provides the status of injection projects as 46
of January 1, 1982, there are four fields in Matagorda County at wvhich there 230.
lr.llilttd active injection projects: Blessing, Southwest Pheasant, North 06N
Markham, and Arch (however, one project, North Markham, has been carried as
"temporarily discountinued" since February 1978). These fields are 13 to 18
miles from the Plant Site (see Figure 2.5.1-1).

1Two geopressured geothermal fairways of the Frio Formation exist in Matagorda 30
County. The STP site is located on the northern edge of one of the fairways b230
(Ref. 2.5.1-68a). The most recent literature indicates that both fairvays are .

unsuitable for geothermal development: "Because of limited lateral extent of [o1N
reservoirs and lack of sufficient thickness of permeable sandstones . . i

(Ref. 2. .1-6a). Geothermal exploration within the STP site vicinity is not
anticipated throughout the lifetime of the plant. Based on discussion with 33
the Texas Railroad Commission, the responsible regulatory agency, it is

concluded that there are no geothermal wells existing or proposed within 15 gggl’

miles of the site.

2.5.1-70 Amendment 46
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This mining process was carried out before the modern-day viscous mud
injection techniques were developed. Sulfur mining has ceased at Big Hi'l,
and further subsidence is not expected. 1In the event that sulfur mining 1is
resumed, subsic:o~ce of the ground surface will be at a distance of at least 10

miles from the plant site and will not in any way influence the safe operation
of the plant.

5. Subsidence from 0i{1 and Gas Production
The most carefully documented field studies of subsidence resulting from the
production of oil and gas are: the Goose Creek field in Harris County, Texas;
the Wilmington and Inglewood oil fields in the Los Angeles Basin, California;
the Bolivar coastal oil fields in Lake Maracaibo, Venezuela; the Po Delta oil
fields in Italy; the Niigata gas field in Japan; and the Rio Vista and River
Island gas fields in California. These studies were reviewed and evaluated at
the PSAR stage. A review of o1l and gas production and subside ce was made in
August 4964 for the FSAR,

1985
Post-Construction Permit (CP) oil and gas exploration within five miles of the
Plant Site has been limited. Eighteen new wells have been drilled or
permitted between 1975 and 1984; two pre-existing wells underwent workover
operations, eight of these were dry holes, two were cancelled, and one was
abandoned. Of the remaining wells, seven are gas wells, one is an oil
producer and one produces both oil and gas. Locations of the new or reworked
wells within five miles of the Plant Site are shown on Figure 2.5.1-1A;
summaries of well information are provided in Table 2.5.1-1. Figure 2.5.1-1A
also shows the locations of Post-CP seismic reflection profiling near the
Plant Site. Discussion of the geophysical data and the interpretations of

local geologic structure based on the most appropriate information is provided
in Section 2.5.1.2.

An evaluation of the factors leading to the causes of ground surface subsid-
ence in oil and gas fields (Refs. 2.5.1-21, 2.5.1-38, 2.5.1-101, 2.5.1-115,
2.5.1-126, and 2.5.1-163) yields certain guidelines for evaluating subsidence
potential in petroleum-producing areas. These guidelines ares:

a. Subsidence in areas producing groundwater, oil and gas usually
occurs where the producing formations are of a relatively young
geologic age, Miocene and younger.

b. Depth to the producing horizons is moderate, no greater than 6,000
ft and usually less than 4,000 ft.

€. 0il- and gas-producing sands are unconsolidated and are interbedded
with clays or even semiconsolidated clav not hard shales. The
formations overlying the producing zes"s : nta!n high percentages of
clay.

d. Where subsidence is related to the withdrawal of oil and gas, the
petroleum yield is accompanied by the production of very large
volumes of water. Wilmington field in California and Goose Creek in
Texas are excellent examples.

2.5.1-74 Amendment 46
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A brief description of the Goose Creek oil field in Baytown, Harris County,
Texas follows. The field was studied by Pratt and Johnson (Ref. 2.5.1-117),
vho first reported the occurrence of subsidence at the location. The field
wvas discovered in 1912, and its greatest development took place between 1912
and 1918. Production was obtained from numerous horizons between 1,000 ft and
4,100 ft in very soft, unconsolidated, fine sands interbedded with soft clays.
Although Goose Creek has been considered a salt dome because of its shape,
wells drilled to 5,000 ft on the top of the structure did not penetrate cap
rock or the underlying salt. One well in later years reportedly penetrated
salt at approximately 10,000 ft, but no details were ever provided. By 1929,
production from the field was 66,397,000 barrels per acre. In 1918, subsi-
dence reportedly started rather suddenly. Because the field was located on
marshy ground only a few inches above sea level, the subsidence alloved the
marshy area to be completely submerged. Measurements several years later
showed the subsided area to have sunk about 3.25 ft, with an areal extent of
about 2.5 miles by 1.5 miles. There is peripheral "faulting" at the edge of
the subsided area. After 1950, drilling was carried out on the flanks of the
Goose Creek structure, and the cumulative production at the end of 1973 was
127,235,432 barrels of oil from a total of 1,388 wells. It should be noted
that the early reports concerning the Goose Creek production specifically
mention the large amount of water and the extremely large amount of sand pro-
duced with the oil. It was this fact that led Pratt and Johnson (Ref.
2.5.1-117) to regard the subsidence as the result of extraction of oil, water,
gas, and sand, accompanied by increased compaction of the clays. Thev suggest
also that other important factors are reduction of gas pressure and drying of
clays with the escape of gas.

In Matagorda County, and specifically in the area within a 15-mile radius of
the plant site, the 64 oil and gas fields have little relation to the criteria
listed above as pertinment to ground surface subsidence.

According to Sheets and Cockrell (Ref. 2.5-168), the Frio Formation of the
Mio~Oligocene age is the most important producing formation in southeast
Texas. 01l and gas production in Matagorda County is primarily from thin
sands (less than 15 ft thick) within the upper and middle Frio Formation at a
median depth of 10,000 ft. Less important petroleum producing strata in
Matagorda County are the lower Frio and Miocene sands. Of the 64 fields
wvithin a 15-mile radius of the site, only four gas fields and two oil and gas
fields produce from the Miocene strata above the Frio Formation. (Changes in
the number of oil and gas fields from year to year do not necessarily reflect
changes in production since field boundaries are subject to redefinition.)

Twenty-three of the fields have been gas producers only. Of these, 19 fields
produccffrom the Frio Formation of Oligocene age at depths greater than 7,000
ft, with the probable median depth about 10,000 ft; two gas fields,.p"roduceJ
from the Mlocene with a median depth of 7,800 ft; and two Miocene f1e1d|:$?b-
ducedfrom a depth of 4,100 ft. There are gas fields located offshore which
are producing from the Miocene and lower Frio age depths in Matagorda Bay.
They are insignificant in that they are far removed from the site. The gas
produced by fields within a 15-mile radius of the site contain no significant
hydrogen sulfide, and are classified as sweet gases. There is accordingly no
potential for release of toxic gases from these fields (Ref. Appendix 2.2.B).

|2
Q361.
| 44

33
Q231.
02N

2
k361l
N
13
lq231.
02X

|2
Q361.
0l

2.5.1-75 Amendment 44
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Forty-one of the local fields produce or have produced both oil and gas, with |33
38 of the fields producing from the Frio Formation at a median depth of about |Q23l.
10,000 ft; two other oil and gas fields produce from the Miocene sands at 02N
depths of 2,000 ft to 5,600 ft. The Big Hill field, which was abandoned in

1907, produced from a depth of 875 ft.

All of the oil and gas production in the fields shown on Figure 2.5.1-1 1is
from thin sands. Where production comes from multiple sands, the sands are
usually widely spaced, as in the Hammon field, which produces from eight zones
ranging in depth from 7,317 ft to 10,887 ft. The producirg sand formations in
Matagorda County are firm to well consolidated, and no sand production has
been reported. Moderate water production is associated with some, 1if not all,
of the Matagorda County oil and gas fields. Many of the Matagorda fields are
controlled by faults associated with domal structures (See Section
2.5.1.1.6.3.2.1.2). 0411 and gas production 1s controlled and limited by this
faulting. The field operators, by showing that there i1s no fluid movement
across a fault, were allowed new field status. FProduction quotas for new
fields were higher than those allowed for newly completed wells in existing
fields. Faulting, together with the scattered thin sands, has contributed to
many fields with only one or two wells each.

Texas Railroad Commission spacing regulations, with certain exceptions, permit
no more than one oil well to 40 acres, and no more than one gas well to 160
acres. Constraints such as these spacing regulations did not exist in the
early days (1930s) of oil field development in Texas. These spacing regula-
tions and a state-controlled production rate are designed to prevent excessive
withdrawal of oil and gas from any one area on a given structure.

1984 14 21
The 4883 Annual/Records of the Texas Railroad Counis’(gn show that of the 64
fields within 15-mile radius of the plant site, 9 of the 41 oil and gas 44

fields and #5 of the 23 gas fields have been abandoned or shutin (See FSAR
Figure 2.5.1-1). Abandoned field status denotes that commercial production
has closed and all wells have been plugged, while shutin field status denotes
that wells are no longer in production but may again be producers in the
future. The tctal oil that has been produced within the 15-mile radius is
approximately 10#3million barrels, and the total gas that has been produced
exceeds 1,396,000 MMCF. The North Markham-North Bay City field has been the
largest profucer of oil and gas within the 15-mile radius, with a total pro- 44
duction of ppproximately 49,700,000 barrels of oil and approximately 5%].000
MMCF of gas Production in the fields has continued to remain low since A"ugust
1978. Dat1 concerning the four fields closest to the STP site are tabulated
below.

208

2.5.1-76 Amendment 44
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Collegeport~-

North Collegport

Southwest College~ South Duncan

port Slough Cane Island Petrucha 44
Citrus Grove

Location 7 miles SW 2.7 miles N 1.7 miles N 3.9 miles NE
from STP
site
Present producing producing abandoned producing |2
status March 9, 1972

33
Total oil e et none none none P |
production Y27,400 231,
(barrels) 02N
Total gas 33
production B st aame nd 36,524 945 36487 b y.
(x 1 MMCF) 453 gio 31,300 /6,573 231.

02N

The two closest producing fields to the plant are the Scuth Duncan Slough-Cane

Island and Petrucha fields. The South Duncan Slough-Cane Island field is 2

located 2.7 miles north of the plant site. The Petrucha field is located 3.9 'Q}GL

miles northeast of the plant site as shown on Figure 2.5.1-1. A discussion of

the production history of both fields follows. As will be seen, no potential

for ground surface subsidence from fluid extraction activities at either field 33

exists at the STP site. Q231

Three 02N

The South Duncan Slough field first ;toduccd in May 1970. As of December

19@17 ten wells had been drilled, €eur of which were producing gas only and |2 k
~eiw- of which were nonproductive. The producing wells are the following. ?36

Seven

2.5.1-76a Amendmen. 44
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e Partners 0il Company Gulf Coast Water Company No. lst (1).
Completed September 1979; TD 11,250 ft.

e TXO Production Corporation Steele No. 2. Completed March 1980; TD
DR300 B0 e —

e
® TXO Production Corporation Steele No, 3. Completed March 1981; TD
.11,515 ft. : R T— U

e Partners 0il Company Gulf Coast Water Company Unit 1. Completed
September 1981; TD 11,400 ft.

The nonproducing wells in the South Duncan Slough field are:

1972; TP 11,535 ft. (No longer listed in Railroad Commission of
lexas Gas Production Ledger.) 6

“e Royal Resources Corporation Pierce Estate Oil and Cas Int. No. 2-A.

Completed June 1970; TD 11,371 ft. (No longer listed in Railroad

\ e Kinsey Intereste, Inc. Pierce Estate No. 2. Completed September
‘ Commission of Texas Gas Production Ledger.) Le

e Petro-lLewis Corporation (Royal Resources Corporation, former opera-

|

i tor) Pierce Estate Oil and Gas Int, No. 1. Completed March 1970; TD
q 11,478 fe.

|
\
|

e TXO Production Corporation Louise M. Steele et.al. No. 1. Completed
January 1970; TD 11,332 ft.
\ e 1XO0 Production Corporation (Royal Resources Corporation, former

‘ operator) Pierce Estate 011 and Gas Int. No. 1-A. Completed June

\ | 1970; TD 10,517 ft.
- e Morris Cannan Pierce Estate No. 1.

Completed September 1981; 1D |42
11,125 fe.
An additional nonproductive well was drilled prior to August 1978 but informa-
tion about the well is not available since it was not registered with the |3f
Railroad Commission of Texas. i

The structure of the South Duncan Slough field is reportedly a small anti-

cline on the upthrown side of a regional fault. Production is obtained from

three zones at depths of approximately 10,700, 11,000 ft and 11,100 ft. The | 44
Petro-Lewis Corporation Pierce Estate No. 1 produced from a ten foot zone at a

depth of 11,326 ft; however, the well is presently (December 1983) considered 33j 44

shutin., The average thickness of the zones is about 15 ft. The producing Q231.
area is at least 550 acres. 02N
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Production through 1983 has been:
1970 465 MMCF gas 1977 376 MMCF

1971 1,501 MMCF gas 1978 183 MMCF 2

361.
1972 2,061 MMCF gas 1979 840 MMCF 81

~ 1973 1,063 MMCF gas 1980 5,128 MMCF "

1974 675 MMCF gas 1981 10,008 MMCF ?3L

1975 440 MMCF gas 1982 5,472 MMCF 02N

1976 430 MMCF gas 1983 1,879 MMCF
198Y 776 MmC F bé

Cumulative production to the end of 198‘(/“3 approximately éYOHHCF of gas.
on

Since production remains relatively low there is no effect lant safety or
operation. 31,300
The field discovery well in the Petrucha field was completed on March 12,
1962, But very little information has been made available as to the struc-
tural and stratigraphic conditions in this field. The discovery well was the
result of reflection seismic surveys by Pan American Petroleum Corporation
(now Amoco). Bulletin of the American Association of Petroleum Geologists,
Vol. 47, No. 6, pp. 1,082-1,083, 1963, reports the structure of the Petrucha
field as follows:

"“The Pan American's Petrucha No. 1, a rank wildcat, is the discovery well
for this field. Completion was in the Discorbis section of the lower
Frio. This well was perforated and completed for a standard choke
orifice test of 11,200 MMCF. The accumulation is found on the north
flank of a large, elongated structure with a strong dip of the Frio beds
into the downthrown side of a large regional down-to-the-coast strike
fault. The production is separated from updip dry holes on the south by
minor faulting. The only other production from this interval, located
vithin the same fault block, is approximately 25 miles southwest."

This well produced from a sand at 12,450 ft to 12,470 ft. Another sand at |33
12,650 ft in other wells also produces, but this report cannot be verified Q231.
because no electric logs of producing intervals are available for wells other 02N
than the first. Since workover operations in late 198] this well is now
listed by the Railroad Commission as both an oil and gas well with the oil
workover portion of the well perforated from 11,780 ft to 11,790 ft. 46

| Information on oil production from thiis well is not available as of March
1985.

Qusu;#y!qa5’ 33
l From late 1973 to date (Beeember—i98+), four new wells have been drilled, not IQ '46
counting the workover of the above well. One is a gas producer and three are 231.
dry holes. The dry holes are in the western section of the field. 2 02X
Q361.
01
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twe
The +¢hree producing wells in the Petrucha 21d are liste! below. Map number |
refers to PSAR Figure 2.5.1-5: Q361.
01
Map No. 33
Q231.
100. Amoco Production Company Petrucha Cas Unit no. 2, D. McFarlane 025
Survey, A-61. Completed March 1971; TD 13,500 fr.
Delete 102. Amoco Production Company (Pan American Petroleum Corporation),
Petrucha No. 1, D., McFarlane Survey, A61. Completed Novenber
‘;}“" 3, 1981 (oil) and April 22, 1982 (gas): 1.D. 15,005 ft (workover/| 46
hesr € of well originally completed February 1961).
{ 104, Amoco Production Company Butter no. 1, D. McFarlane Survey, 33
A-61., Completed February 1973; 1D 13,000 ft. . QZ§1-
|h_{€ff -
%6
whert l
- )V\c(\ Ca‘f'Qd
e /
on fwlg 7
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The nonproducing wells (plugged or shutin) are: 3;31
- Map No. 02%
SN e .
well & 103. Amoco Production Company Seerden No. 1, D. McFarlane Survey,
10e, A-61. Completed May 1972; 1D 13,051 ft.
2
< Amoco Production Company John Butter No. 3, D. McFarlane Survey, Q361.
A-61. Completed September 23, 1975; T. D. 13,400 ft, 01
33
105. Amoco Production Company Butter no. 2, D. McFarlane Survey, Q |66
A-61. Completed July 1973; TD 13,400 ft. 231,
02N

The only other producing well drilled in the Petrucha Field since 1973 was the 33
Amoco Production Company, John Butter No. 3. This well is no longer listed in h231_

the lexas Railroad Commission Gas Production Ledger. The well was completed 02N
in September of 1975 and was drilled to a total depth of 13,400 ft. The well |[2
is located at approximately North 367300, East 2969100 based upon the Texas Q361.
Grid System. The well location is approximately 4.6 miles northeast of the 01

The three dry holes are:

Map No.

101. Amoco Production Company Penny No. 1, John Raney Survey, A-80.
Completed August 22, 1973; TD 13,485 ft. The Penny No. 1 was
directionally drilled in order to better intercept any produc-
tive zone. This well is approximately 4,300 ft west ol the
discovery well in the Petrucha Field.

Amoco Production Company Lawson No. 1, John Raney Survey, A-80.
Completed March 6, 1974; TD 12,900 ft.

Amoco Production Company Culver No., 1, was drilled to a
depth of 13,200 ft and was terminated as a dry hole. This dry 2
wvell indicates the southeastern limits of the Petrucha field. Q36l.
0l
The production figures listed below show that the peak production of the
Petrucha field occurred in 1974 and that there has been a steady decline since
that year, including production from the Butter No. 3 unit. The Butter No. 3
unit was placed in production during July 1976. The present decline rate can

be expected to continue. The available data show the following yearly rates |3;31.
of gas production: 02X
1962 3 MMCF
1963 55 MMCF
1964 951 MMCF
1965 735 MMCF
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1966 603 MMCF
e 553 MMCF
1968 452 MMCF
1969 3 A
1970 393 MMCF
i 1,429 MMCF
1972 1,717 MMCF
ety 2,226 MMCF ﬁg“.
s 2,255 MMCF 02N
13 1,869 MMCF
i 1,139 MMCF
ASY? 476 WMCF
e 315 MMCF
i 265 MMCF "
1980 S Qz31.
. 196 MMCF
i 136 MMCF
196> 111 MMCF |“
1164 qL |

With the Penny no. 1 unit and the Lawson no. 1 unit dry, the western limits of Q361.01
the Petrucha field have been determined, placing the field boundaries east of
the Colorado River. |33
Q231.028
There has been no known subsidence in Matagorda County that can be attri-
buted to the withdrawal of oil and gas. This was reconfirmed in 1983. In | 33Q231.
addition, none of the fields in the county fits the guidelines developed from | 02N
o1l and gas fields that were associated with subsidence elsewhere in the 2Q361.01
vorld. Finally, none of the fields lie closer to the site than the distance |33
represented by the depth to its producing interval; therefore, subsidence fron|Q23l.02b
these fields could not encroach on the site area.

6. 0i1 and Gas Production at the Project Site

The site of the STP has been drilled for oil and gas. Available records
indicate that nine wells ranging in depth from 4,056 ft to 16,154 ft have been
drilled on the site. All of these wells were nonproductive: three stopped in
the Miocene and six bottomed in the Frio Formation of Oligocene age. The nine
vells (see PSAR Figure 2.5.1-32 for well locations) are tabulated below.

2.5.1-80 Amendment 46
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member that could be considered oil- and/or gas-productive. In the case of

L. A. Wagner Broughton and Lloyd no. 1, which was bottomed in the Miocene, it
vas suggested that a section on the electric log between 3,850 ft and 3,875 ft
vas possibly productive. However, Mr. Wagner pointed out that the sections
were cored and the cores showed lime and "shells," which accounted for the
"kick" on the electric log. This condition is not uncommon and often leads to
unvarranted statements of shows. It is surmised from the well logs that the
nonproductivity of wells on the site is the result of both a lack of suitable
stratigraphic or structural oil traps and a general thinning of the oil- and
gas-producing Frio sands from north to south. This thinning is noticeable
wvhen one compares the Frio sand section in well no. 25, located just rorth of
the site, with well no. 8, in the southern part of the site (see PSAR Figure
2.5.1-32). Well no. 25 (Tenneco 011 Co. Pierce Estate no. 1, N. Clopper Sur-
vey A-16) is in the abandoned Cane Island field. The thinning and pinching
out of sands basinward, in this case toward the Gulf Coast Geosyncline, is &
normal sedimentary depositional process and is not unique to this area.

The only field producing from Miocene horizons adjacent to the STP site is the
Collegeport field (which includes Collegeport North and Citrus Grove fields).
This field is approximately 7 miles southwest of the plant site. It produces

from a low-relief, anticlinal structure with minor faulting. There are 32

roducing zones ranging in deptih from 1,980 ft to 5,675 ft. The average

th ss of a producing zone 1s 15 ft. As of December 198/;’ the field had kJ |“,
produce 3 barrels of oil and ; MMCF of gas. Although electric

logs indicate that in general the Miocene d bodies at the Collegeport field 231.
are correlative with those beneath the site, the sands at the site are 02N
nonproductive. The most logical reason is that B{ructural conditions that
would trap any oil or gas are absent at the STP si

453 130

The abandoned Cane lsland field, situated approximately 1.7 miles north of the
plant site, produced from two sands in the upper Frio. The sands average 5 ft
in thickness. In the site area, the sand development in the upper Frio ap-

pears to be very poor, and the absence of oil or gas may be attributed to 33

stratigraphy. Currently (December 1983), the field is still considered aban- |0 f

doned. 231%
02N

On the basis of the stratigraphic and structural data obtained from the ex-
ploratory wells drilled at the site, it is apparent that there is little pos-
sibility of obtaining commercial quantities of oil and gas in the Miocene for-
mations, 1.e., to a depth of approximately 7,200 ft. Also, because six of the
wells at the site were drilled to depths of between 10,000 ft and 16,000 ft
vith no indications of oil and gas, finding commercial quantities of oil and
gas in the Frio formation down to the greatest depth drilled is precluded.

Assuming that the Frio sands are nonproductive, oil and gas production could
be possible only in some lower horizon in the Eocene (Wilcox) or Paleocene.
The depth to the Wilcox -~ or even to some formation higher in the Eocene - is
not known, but the Wilcox is believed to be very deep, at least 20,000 ft
(Ref. 2.5.1-34).
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The gradational and statistical density test evaluation of the Category I
structural backfill will be updated for all sources upon completion of
backfill operations.

The results of field testing and inspection activities are maintained as part
of the permanent project records stored in the site QA vault,

2.5.4.6 CGroundwater Conditions. Site and regional groundwater condi-
tions are discussed in Section 2.4.13 and Section 2.5.1.2.10. Control of the
groundwater during construction is discussed in this section together with
summary descriptions of the observed and projected groundwater conditions.

Two aquifer :zopus  :rarat 24 by #n agviclude (deep confining zone) exist in the
site area. The shaliyus aquifer zone is temporarily affected by plant con-
struction dewatering while the deep aquifer zone is well below the influence
of any construction activities. The deep aquifer zone is subject to regional
groundwater withdrawal for irrigation and other purposes, as described in the
above-referenced sections. PSAR Figures 2.4.13-1A through 2.4.13-1C show
generaldzed geohydraulic cross-sections through the site area.

For foundation engineering purposes, the shallow aquifer zone and aquiclude
have been divided into 13 generalized layers (see Figures 2.5.1-38 through
2.5.1-40 and Section 2.5.4.3) which have been assigned alphabetical designa-
tions (A through N, exclusive of 1). Of these generalized layers, the B, C,

36

E, G, H, M, and N layers are composed primarily of cohesionless material while l36

the remainder consist primarily of cohesive soils. The natural pilezometric
level in the upper portion of the shallow aquifer zone (from the ground sur-
face to a depth of 40 ft) 1s about 1 ft below the ground surface as measured
in layer C. Layer C is located about 37 ft below the ground surface. The
natural piezometric level in the deeper portion of the shallow aquifer, which
includes the E, G and H layers, 1is about 9 ft below the ground surface. The
E, G, and H layers are typically located 60, 80, and 120 ft, respectively,
-below the ground surface.

The deep aquifer zone extends from a range of 250 ft to 300 ft to a range of
800 ft to 1,000 ft below the ground surface and {s confined by & substantial
continuous clay layer from the shallow aquifer. The pilezometric level in the
deep aquifer zone in the plant area was at a depth of about 60 ft below the
ground surface in 1975, and at a depth of about 70 ft in 19845(see PSAR Fig.re
2.5.1-16E, FSAR Figures 2.5.4~70A and 2.5.4~70B, and Appendix 2.5.C).

The groundwater in the shallow aquifer zone will be allowed to return to the
natural elevations upon completion of the plant area substructure construction
and backfill, There are no requirements for any artificial groundwater con-
trol by either dewatering or recharge during plant operation. The piezometric
levels in the shallow and deep aquifer zones will be monitored throughout the
1ife of the plant as discussed in Section 2,5.4.13 and Appendix 2.5.C,

2.5.4.6.1 Foundation Stability Due to Groundwater Conditions: The
influence of the piezometric pressures on the stability of the foundations and
the supporting soil has been considered for the periods of excavation,
backfill, and building conetruction and during plant operations.

o
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Excessive pilezometric pressures in the subsoil could potentially result in
instability of the excavation bottom during construction with associated heave
and loss of strengcth as well as possible uplift of foundations and substruc-
tures. To control piezometric pressures in the subsoil, ground-water-level
control criteria were established and used as a basis for design, installa-
tion, and operation of the Dewatering System. The ground-water control crite-
ria are described in Section 2.5.4.6.2; the design of the Dewatering System 1is
described in Section 2.5.4.6.3; and the results of the monitoring of the
piezometric elevations are giver in Section 2.5.4.6.4.

The groundwater level will return to between Els. 17 ft and 26 ft MSL after
decommissioning of the Dewatering System., Future piezometric-level declines
in the shallow aquifer zone due to groundwater withdrawal are not expected,
primarily because of poor quality water and relatively low vields (see Section
2.4.13.2.5). The applied foundation pressures used in the bearing-capacity 6
evaluation have been based on the lower level which {s most conservative for
the mat foundations supporting the Category I structures, as these substruc-
tures have very substantial displacements reducing the net effective founda-
tion pressures as the groundvater level increases. The derivations of coeffi-
cients of subgrade reaction have been based on the highest postulated piezo-
metric pressure, as this will cause the lowest effective confining pressures,
thereby reducing the stiffness of the soil. Another consideration supporting
the selection of the highest groundwater table for the settlement analyses {is
that the higher water level in the shallow aquifer zone (E1.26 ft MSL) will
increase the total as well as effective stresses in the material of the aqui-
clude and deep aquifer zone where the uajor portion of the settlement is
anticipated to occur (see Section 2.5.4.10), thereby conservatively increasing
the estimated total settlement, Long-term groundwater withdraval of the deep
aquifer is conservatively estimated to further reduce the piezometric level 87
ft “the difetime-of theplaat: The concomitant regional subsidence is
ated to be less than 3 ft, will be uniform across the plant site, and

not affect the stability and performance of the plant facilities (see

.2.9.6).
betwean.)113 and 2020.

2.5.4.6.2 Groundwater Control Criteria: The construction specification
for dewatering requires that the plezometric elevation be maintained at least
S ft below the excavation bottom within all permeable strata in the shallow
aquifier zone that subsequently would be supporting Category I structures,
i.e., the E, G and H layers. This requirement was met during all construction
operations.

During substructure construction, the piezometric-level control criteria were
established to maintain a calculated factor of safety of at least 1.3 against l)b
uplift of the partially completed structures at all times.

The lovest permissible piezometric elevation has been based on limiting the
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