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October 12, 1985
ST-HL-AE-1399
File No.: C9.17

Mr. Ceorge 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.

F 2.5-21 Table 2.5.C-3; Semi-annual update
F 2.5-31 Fig. 2.5.C-9; Ceotechnical instru-

mentation heave / settlement
movement. (Unit 1)

* Legendt

i D - DSER Open Item C - DSER Confirmatory Item
F - FSAR Open Item Q - FSAR Question Response Item [k

'
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Attachment Item No.* Subject

1 (Cont'd) F 2.5-32 Fig. 2.5.C-10; Ceotechnical 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 2.5-40 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; piezometric 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,

'
~~

i

n

M. R. Wis burg
Manager, Nt lear Licensing

JSP/bl
i

' Attachments: See above
* Legend
D - DSER Open Item C - DSER Confirmatory Item
F - FSAR Open Item Q - FSAR Question Response Item

L1/DSER/s
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cc:

,

Hugh L. Thompson, Jr., Director Brian E. Berwick, Esquire
Division of Licensing Assistant Attorney General for
Office of Nuclear Reactor Regulation the State of Texas
U.S. Nuclear Regulatory Commission P.O. Box 12548, Capitol Station
Washington, DC 20555 Austin, TX 78711

Robert D. Martin Lanny A. Sinkin
Regional Administrator, Region IV 3022 Porter Street, N.W. #304
Nuclear Regulatory Commission Washington, DC 20008
611 Ryan Plaza Drive, Suite 1000
Arlington, TX 76011 Oreste R. Pirfo, Esquire

Hearing Attorney
N. Prasad Kadambi, Project Manager Office of the Executive Legal Director
U.S. Nuclear Regulatory Commission U.S. Nuclear Regulatory Commission
7920 Norfolk Avenue Washington, DC 20555
Bethesda, MD 20814

Charles Bechhoefer, Esquire
Claude E. Johnson Chairman, Atomic Safety &
Senior Resident Inspector /STP Licensing Board
c/o U.S. Nuclear Regulatory U.S. Nuclear Regulatory Commission
Commission Washington, DC 20555
P.O. Box 910
Bay City, TX 77414 Dr. James C. Lamb, III

313 Woodhaven Road
M.D. Schwarz, Jr., Esquire Chapel Hill, NC 27514
Baker & Botts
One Shell Plaza Judge Frederick J. Shon
Houston, TX 77002 Atomic Safety and Licensing Board

U.S. Nuclear Regulatory Commission
J.R. Newman, Esquire Washington, DC 20555
Newman & Holtzinger, P.C.
1615 L Street, N.W. Mr. Ray Goldstein, Esquire
Washington, DC 20036 1001 Vaughn Building

807 Brazos
Director, Office of Inspection Austin, TX 78701

and Enforcement
U.S. Nuclear Regulatory Commission Citizens for Equitable Utilities, Inc.
Washington, DC 20555 c/o Ms. Peggy Buchorn

Route 1, Box 1684
E.R. Brooks /R.L. Range Brazoria, TX 77422
Central Power & Light Company
P.O. Box 2121 Docketing & Service Section
Corpus Christi, TX 78403 Office of the Secretary

U.S. Nuclear Regulatory Commission
H.L. Peterson/G. Pokorny Washington, DC 20555
City of Austin (3 Copies)
P.O. Box 1088
Austin, TX 78767 Advisory Committee on Reactor Safeguards

U.S. Nuclear Regulatory Commission
J.B. Poston/A. vonRosenberg 1717 H Street
City Public Service Board Washington, DC 20555
P.O. Box 1771
San Antonio, TX 78296

Revised 9/25/85
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Two Big Three pipelines from the Freeport, Texas area carry oxygen and nitro-
g n to the Celanese Chemical Company. The closest approach of the pipelines
to STP is their termination point at the Celanese plant.

Oso[ RugWf M 64~
There is little or no pote tial for future expansion of the oil and gas pro-
duction fields within 5 les of the site because each field is surrounded by

dry holes and the limit of the structure of each field are known from reflec-
tion geophysical data. "khere has been a decline in production in each field. I

ercept fer the Petrue'- field, "hir' ir.erecred ir 1971 rher tre n:r r:11: ;;r;
pu* i * pre'ertier 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
zsnes in Eocene age sands is unlikely because of the great depth of such sands
(ostimated to be about 20,000 ft) in the vicinity of the site.

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 2
the STP site and five miles northwest of Port O'Connor. A 36-inch pipeline Q312.trends in a west-northwest direction, 463 miles to Pecos County, Texas. Thd 02N

'

La Salle terminal is the pipelines' closest point to the STP. (Ref. 2.2-20) |

2.2.2.4 Waterways. The primary 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 17.5 ft vice and 12 ft deep, the river winds
clong a 15-mile stretch until it approaches the turning basin. The river
channel is approximately 15 ft deep and 100 ft wide. The minimum depth of the
Colorado River between the Gulf and the Crysen Terminal is 7-1/2 ft. During |50
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
ct the mouth of the Colarado River. !

I
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
|Waterway near the town of Matagorda. r

|

The project, initiated in May,1984 and projected to be completed in the sum- |
mer of 1988, is expected to enhance the Bay's commercial productivity and take i

cdvantage 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 serial navigation charts (Hous' ton sec-
i

tional) show only two airports within 10 miles of the STP. C-Level Farm, 9.5
ciles to the west-northwest of the proposed plant, has a 3,700-ft turf runway.

2.2-4 Amendment 50

,

, _ _ _ . _ _ _ _ _ . . . _ _ . . . _ _
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3. Five-percentile meteorological conditions based on 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 s Ib/f t8) and reach the upper flammability limit of 15 v/o-

(75. x 10 lb/fts): 1.020 meters and 540 metcrs respectively for the8

16-in. line and 1,550 meters and 800 meters respectively for the
30-in. line.

5. The amount of gas within the flammability limits based on the amount of
gasrelegsedinthetimeforplumetotravel_getweentheabovepoints:
5.5 x 10 lb for the 16-in. line and 1.7 x 10 lb for the 30-in. line.

6. TheequivalentamountgfTNTusingthemethodofitem3inSectfon
'

2.2.3.1.4.1: 5.3 x 10 lb TNT for the 16-in. line and 1.6 x 10 lb 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 4 in Section
2.2.3.1.4 is given in Table 2.2-8. 35

Since the overpressure is less than that due to tornado winds, the occur-
rence of this improbable event will not 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 the centerline of the plume which is below the
lower 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 additional dispersion.

hlentYtd
2.2.3.1.5 Gas and 011 Production Fields: The gas and oil production

fields within 5 miles of the STP site are 'r r_ ihr? in Section 2.2.2 and 2

deir 'rectier it shown on Figure 2.2-3. " Fi;;; : 2.5.! 1. The closest Q361.
welltotheSTPsiteisasinglewelliINIieSouthDuncanSloughgasfield, 2

approximately 1.6 miles from the near at STP safety-related structure.

As stated in Section 2.2.1.4.6, is assessed that there is very little po-

te. w l *:c future expansion of he oil and gas fields within 5 miles of the
STP site. This conclusion was ased on production data from the existing
fields and the geological data for the site vicinity. Nevertheless', the
likelihood and potential conse uences 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
thatevenifagaswellisdribledattheworstlocationimmediatelyadja-
cent to the STP site there wou: d be no adverse effect on STP safety-related

2
structures. The fields within atagorda County do not produce hydrogen sul- 3Dfide gas, and the potential for an accidental release of toxic gas within 15 *3 *

miles of the STP site is therefo e nil. This analysis also shows that the

existing gas well located 1.6 mil s from the plant poses no credible hazard '

to the STP plant. 1 Q ,;/ p e hte m [e d/5
m cl.scorrectik * wt e/a b i (

Se d% 24A endaien't 32.2-10 '"
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TABLE 2.2-3

CAS AND OIL PRODUCTION FIELDS WITHIN 5 MILES
OF THE STP SITE

South
,

Duncan Duncan Cane
Slough Slough Island Petrucha

Type of Field Oil & Cas Gas Gas Gas 1

Total Number 12 10 0 /3
Number of Wells 9 [3 0 /d

35Production
4 Ji til I?3

Total Production (G)3/,000*** (G) (C)945.5** (G)l6, M* .

(0)2,99&;499 (0) None (0) None (0) None '

i 6,af 4 7 [
Storage Facilities Storage None None None

Tanks

PipelineTransportation Methods Pipeline Pipeline ---

!

.

* * Gas production (G) in million cubic feet and oil production (0) in
barrels.

** Cane Island Field was shut down March 9, 1972. |35
L

*** Approximation.

i

!

!

!

2.2-18 Amendment 35
_
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extraction from this dome and other salt domes in the vicinity are discussed
in 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
<

withdrawal 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 demes from both near surface and subsurface; and the

! storage of liquid petroleum gas in the cavities following sulfur extraction or
within salt domes.

.

j 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. ;

,

Groundwater is used to supplement water diverted from the Colorado River for
;

irrigation purposes in the region. These withdrawals have resulted in some "If** * b g1

| artesian head decline. Future groundwater withdrawal in the area and poten-
j tial impact on ground surface stability are evaluated in the section. Ground-

water conditions at the project site and in the surrounding areas are dis-
2cussed in detail in Section 2.4.13. Oil and gas, both in volume and in valu ,

have been the primary mineral extracted in the region. Within a radius of 1 Q361.
01miles of the plant site, there are 64 petroleum fields which have produced-de-

- ;.; d 100 million barrels of oil and 1,10g,000 MMCF of gas. Of the 33 44
fields, 41 produce oil and gas and 23 produce gas only, with condensate. The Q231'

locations of these fields are shown on Figure 2.5.1-1. .02b
in escess of (ace,oco

|
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 which there Q230.
are listed active injection projects: Blessing, Southwest Pheasant, North 06N

Mark, ham, 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). ,

)

Two 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 Q230,
(Ref. 2.5.1-68a). The most recent literature indicates that both fairways are 01N
unsuitable for geothermal development: "Because of limited lateral extent of
reservoirs and lack of sufficient thickness of permeable sandstones . . ."
(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

Q231. |concluded that there are no geothermal wells existing or proposed within 15 02N ]
miles of the site.

|
1

Amendment 462.5.1-70

- ._ _ _ - - . - - - - . _ _ _ _ -- .-
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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 Hill,
and further subsidence is not expected. In the event that sulfur mining is
resumed, subsidence 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 011 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 oil and gas production and subsidence was made in
August +994-for the FSAR. |44

19B4' -

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 46operations, eight of these were dry holes, two were cancelled, and one was
Q231.abandoned. Of the remaining wells, seven are gas wells, one is an oil 07Nproducer and one produces both oil and gas. Locations of the new or reworked ~

vells 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 are:

Subsidence in areas producing groundwater, oil and gas usuallya.
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.

c. Oil- and gas-producing sands are unconsolidated and are interbedded !
with clays or even semiconsolidated cla"o not hard shales. The

,

formations overlying the producing zoaSs t'ntain 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.

| |

l
2.5.1-74 Amendment 46t

l

_ _ . . - - . -
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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),
who first reported the occurrence of subsidence at the location. The fieldi

was 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 Coon,e Creek has been considered a salt done 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 allowed 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

i 127,235,432 barrels of oil from a total of 1,388 veils. 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. They suggest
also that other important factors are reduction of gas pressure and drying of
clays with the escape of gas.

2
In Matagorda County, and specifically in the area within a 15-mile radius of I
the plant site, the 64 cil and gas fields have little relation to the criteria | Q361.44

: listed above as pertinent 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
33Texas. Oil 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 Q231
02Nmedian depth of 10,000 ft. Less important petroleum producing strata in

Matagorda County are the lower Frio and Miocene sands. Of the 64 fields
within 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 y
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 ffrom the Frio Formation of Oligocene age at depths greaterjan 7,000Of these,19 fields h361!
three of the fields have been gas producers only.|

| k=ve produce ,g
it, with the probable median depth about 10,000 ft; two gas fields 4 produced
from the Miocene with a median depth of 7,800 ft; andtwoMiocenefields$r'o-|

31
,

ducedfrom a depth of 4,100 ft. There are gas fields located offshore which'

02Nare 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 2
produced by fields within a 15-mile radius of the site contain no significant Q361.
hydrogen sulfide, and are classified as sweet gases. There is accordingly no 01
potential for release of toxic gases from these fields (Ref. Appendix 2.2.B).

.

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 Q231,
10,000 ft; two other oil and gas fields produce from the Miocene sands at 02N

depths of 2,000 f t to 5,600 f t. 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 is
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 producing sand formations in
Matagorda County are firm to well consolidated, and no sand production has
been reported. Moderate water production is associated with some, if 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). Oil and gas production is controlled and limited by this
faulting. The field operators, by showing that there is no fluid movement
across a fault, were allowed new field status. Production 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.

1994 I4 ti

The -49e4- Annua Records of the Texas Railroad Commis on show that of the 64
fields within 15-mile radius of the plant site,-t9- of the 41 oil and gas 44
fields and idr 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 total oil that has been produced within the 15-mile radius is
approximately 10/3million barrels, and the total gas that has been produced
exceeds 1,494,000 MMCF. The North Markham-North Bay City field has been the
largest producer of oil and s within the 15-mile radius, with a total pro- 44

| duction of approximately 49, 0.000barrelsofoilandapproximately59f,000
MMCF of gas Production in th fields has continued to remain low since August

1978. Data concerning the four fields closest to the STP site are tabulated
below.

208

2.5.1-76 Amendment 44

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



-.
. . . .

ATTACHMENT 1
ST HL-AE 2 3 99

STP FSAR PAGE 8 OF GO

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

Presen't producing producing abandoned producing |2<

status March 9, 1972
33

production ye,7,y oo
- {231|.

dTotal oil 120,010 none none none

(barrels) 02N
.

Total gas 33
production 6 799+- 30,521 945 - 10,!.67 g|4
(x 1 MMCF) 9.f3, 6J o .31,3 oo /4,.573 231.

02N

The two closest producing fields to the plant are the South 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 |Q36L
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

33for ground surface subsidence from fluid extraction activities at either field
exists at the STP site. Q231

th e s. 02N

The South Duncan Slough field first roduced in May 1970. As of December
2

,

198/f ten wells had been drilled,-four of which were producing gas only and |9
.

-een-of which were nonproductive. The producing wells are the following.

\ eve.nS

:
1

;

|
!

| |
*

|

I

2.5.1-76a Amendmen; 44
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Partners Oil Company Culf Coast Water Company No. Ist (1).e
Completed September 1979; TD 11,250 f t.

e TXO Production Corporation Steele No. 2. Completed March 1980; TD'

i

11,300 ft.
_ |

__

OENE h TXO Production Corporat n Steele No. 3. Completed March 1981; TDe
- ,11,515 ft.

rcsmJtet
Partners Oil Company Gulf Coast Water Company Unit 1. Completed( g|, vg e
September 1981; TD 11,400 ft.

The nonproducing wells in the South Duncan Slough field ste:

Kinsey Interests, Inc. Pierce Estate No. 2. Completed Septembere
1972; TD 11.535 ft. (No longer listed in Railroad Commission of

46Texas Gas Production Ledger.)

* 'e Royal Resources Corporation Pierre Estate Oil and Gas Int. No. 2-A.
Completed June 1970; TD 11,371 ft. (No longer listed in Railroad
Commission of Texas Cas Production Ledger.) 46

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

tor) Pierce Estate Oil and Gas int. No.1. Completed March 1970; TD
11.478 ft.

TXO Production Corporation Louise M. Steele et.al. No. 1. Completede
January 1970; TD 11,332 ft.

TXO Production Corporation (Royal Resources Corporation, formere
operator) Pierce Estate Oil and Gas Int. No. 1-A. Completed June
1970; TD 10,517 ft.

.
-

e Morris Cannan Pierce Estate No. 1. Completed September 1981; TD |4:
11,125 ft.

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 | 33,

Railroad Commission of Texas.'

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 33|44
shutin. The average thickness of the zones is about 15 ft. The producing Q231.

area is at least 550 acres. 02N

.

2.5.1-77 Amendment 46
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Production through 1983 has been: | 3t|,M

1970 465 MMCF gas 1977 376 MMCF

1971 1,501 MMCF gas 1978 183 MMCF 2

Q361.
1972 2,061 MMCF gas 1979 840 MMCF og

1973 1,063 MMCF gas 1980 5.128 MMCF-

33

1974 675 MMCF gas 1981 10,008 MHCF Q
23L

1975 440 MMCF gas 1982 5,472 MMCF 025

1976 430 MMCF gas 1983 1,879 MMCF

(989 777. mmc.F 44

Cumulative production to the end of 19 was approximately 3^.50C MMCF of gas.
Since production remains relatively low there is no effect on lant safety or
operation, g

~

The field discovery well in the Petrucha field was completed on March 12,
1962, 1Fut 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 MHCF. 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
within the same fault block, is approximately 25 miles southwest."

33

|Q231.
This well produced from a sand at 12.450 ft to 12,470 ft. Another sand at
12,650 ft in other wells also produces, but this report cannot be verified
because no electric logs of producing intervals are available for wells other 02N

'

than the first. Since workover operations in late 1981 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 f t to 11,790 f t. 46

|InformationonoilproductionfromthifwellisnotavailableasofMarch
1985.

Rogo.st , f e v 33

|Q231|.
46From late 1973 to date (Cc;; .ber 1%>), four new wells have been drilled, not

counting the workover of the above well. One is a gas producer and three are
dry holes. The dry holes are in the western section of the field. 2 02N

Q361.
01

i

2.5.1-78 Amendment 46
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The -eheee producing wells in the Petrucha eld are listei below. Map number 2
refers to PSAR Figure 2.5.1-5: Q361.

01
Map No. 33

Q231.
AmocoProductionCompanyPetruchaCasUnitno.2,D.McFarla/ne100. 02N
Survey, A-61. Completed March 1971; TD 13,500 ft. p

Delete _ [102. Amoco Production Company (Pan American Petroleum Corporation).
Petrucha No. 1, D., McFarlane Survey, A61. Completed Novenber f

M 3,1981 (oil) and April 22, 1982 (gas): 1.D. 15,005 ft (workover 46

6L of well originally completed February 1961).

104. Amoco Production Company Butter no. 1, D. McFarlane Survey, 33

A-61. Completed February 1973; TD 13,000 ft. Q231.-

2Niucet
r'6wket

tw ch ec'ted-

page 77
'

e
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The nonproducing wells (plugged or shutin) are: 33

Q231.
Map No. 02N-

Qf 1- t o t. . |
-_ - - - - - .

103. Amoco Production Company Seerden No. 1 D. McFarlane Survey,
Wd E / 02, A-61. Completed May 1972; TD 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 46
A-61. Completed July 1973; TD 13,400 ft. 23r.

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 liste.d in h231.the Texas 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

' center of the Unit 1 Reactor.

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. I was
directionally drilled in order to better intercept any produc-
tive zone. This well is approximately 4,300 ft west of 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

well indicates the southeastern limits of the Petrucha field. Q361.
01

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 33
be expected to continue. The available data show the following yearly rates

|Q231.
of gas production: 02N

1962 3 MMCF

1963 55 MMCF

1964 951 MMCF

1965 735 MMCF

|

| 2.5.1-79 Amendment 46
i
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1966 603 MMCF
.

1967 553 MMCF

1968 452 MMCF

1969 349 MMCF

1970 393 MMCF

1971 1,429 MMCF

1972 1,717 MMCF

3
1973 2,226 MMCF

,

02N
1974 2,255 MMCF

1975 1,869 MMCF

1976 1,139 MMCF

1977 476 MMCF

1978 315 MMCF

1979 265 MMCF 33
Q231.

1980 259 MMCF 02N

1981 196 MMCF
.

1982 136 MMCF

1983 111 MMCF 44

1184 86MmcF ;

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

33
|Q231.02Nthe Colorado River.

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 |33Q231.02N
addition, none of the fields in the county fits the guidelines developed from |2Q36L01
oil and gas fields that were associated with subsidence elsewhere in the
world. Finally, none of the fields lie closer to the site than the distance 33

represented by the depth to its producing interval; therefore, subsidence from Q231.02b
these fields could not encroach on the site area.

6. Oil and Cas 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*

i
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'

wells (see PSAR Figure 2.5.1-32 for well locations) are tabulated below.
I

2.5.1-80 Anendment 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
was suggested that a section on the electric los between 3,850 ft and 3,875 ft
was possibly productive. However, Mr. Wagner pointed out that the sections
were cored and the cores showed line and " shells," which accounted for the
" kick" on the electric log. This condition is not uncommon and often leads to

,

J unwarranted statements of shows. It is surmised from the well logs that the

nonproductivity of wells on the site is the result of both 4 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
when one compares the Frio sand section in well no. 25, located just north of

! the site, with well no. 8, in the southern part of the site (see PSAR Figure
i 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 a
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).

! 9, oggJ This field is approximately 7 miles southwest of the plant site. It produces
from a low-relief, anticlinal structure with minor faulting. There are 32g3 p reducing zones ranging in depth from 1,980 ft to 5,675 ft. The average,

)
th as of a producing zone is 15 ft. AsofDecember198/,Y the field had#

33 4,
produce 4 4,040 barrels of oil and-450,0'1 MMCF of gas. Although electric

]
logs indicate that in general the Miocene d bodies at the Collegeport field )31.2
are correlative with those beneath the site, e sands at the site are'

02N
nonproductive. The most logical reason is that ructural conditions that

would trap any oil or gas are absent at the STP si '{53,030
| The abandoned Cane Island 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- |Q f.231doned.
02N

i On the basis of the stratigraphic and structural data obtained from the ex-
; pioratory 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, i.e., to a depth of approximately 7,200 ft. Also, because six of the

3

wells at the site were drilled to depths of between 10,000 f t and 16,000 f t
:

j with 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).

i

|

|

[

l 2.5.1-85- Amendment 44
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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. 36 :

i
; 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 Croundwater 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
j susmary descriptions of the observed and projected groundwatee conditions.
1

'

! Two aquifer moes e verat.M by n. x;ciciude (deep confining zone) exist in the
| site area. The shalica aquifer sone is temporarily af fected by plant con-

struction dewatering while the deep aquifer zone is well below the influence4

j of any construction activities. The deep aquifer zone is subject to regional
! groundwater withdrawal for irrigation and other purposes, as described in the -

)F
'

above-referenced sections. PSAR Figures 2.4.13-1A through 2.4.13-1C show
genersidsed geohydraulic cross-sections through the site area.

l

} For foundation engineering purposes, the shallow aquifer zone and squiclude
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,
! E, G. H. M, and N layers are composed primarily of cohesionless material while | 36
j the remainder consist primarily of cohesive soils. The natural pierometric
! level in the upper portion of the shallow aquifer zone (from the ground sur-
1 face to a depth of 40 ft) is about 1 ft below the ground surface as measured
! in layer C. Layer C is located about 37 ft below the ground surface. The
i natural pierometric level in the deeper portion of the shallow aquifer, which
j ' includes the E. G and H 1ayers, is about 9 ft below the ground surface. The
! E G, and H 1ayers are typically located 60, 80, and 120 ft, respectively,
|

sbelow the ground surface.

! The deep aquifer zone extends from a range of 250 ft to 300 ft to a range of i
i 800 ft to 1,000 f t below the ground surface and is confined by a substantial i

j continuous clay layer from the shallow aquifer. The piesometric level in the f
j deep aquifer zone in the plant area was at a depth of about 60 ft below the

44 |
|

[ ground surface in 1975, and at a depth of about 70 ft in 19 @ (see PSAR Figure !
j i 2.5.1-16E, FSAR Figures 2.5.4-70A and 2.5.4-708, and Appendix 2.5.C).
3 t

The groundwater in the shallow aquifer sons will be allowed to return to the
I natural elevations upon completion of the plant area substructure construction
i and backfill. There are no requirements for any artificial groundwater con- r

'

: trol by either dewatering or recharge during plant operation. The pierometric :

} 1evels in the shallow and deep aquifer sones will be monitored throughout the '

{ life of the plant as discussed in Section 2.5.4.13 and Appendix 2.5.C. !
i I
: 2.5.4.6.1 Foundation Stability Due to Groundwater Conditions: The |
| influence of the piezometric pressures on the stability of the foundations and i

'! the supporting soil has been considered for the periods of excavation,
backfill, and building construction and during plant operations.

t

!

|
2.5.4-61 Amendment 44 |
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Excessive piesometric pressures in the subsoil could potentially result in
instability of the excavation bottom during construction with associated heave
and loss of strength as well as possible uplift of foundations and substruc-
tures. To control pienometric 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 is
described in Section 2.5.4.6.3; and the results of the monitoring of the
pierometric elevations are given 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 piezonetric-level declines
in the shallow aquifer zone due to groundwater withdrawal are not expected,
primarily because of poor quality water and relatively low yields (see Section
2.4.13.2.5). The applied foundation pressures used in the bearing-capacity 36
evaluation have been based on the lower level which is 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 groundwater level increases. The derivations of coeffi-
cients of subgrade reaction have been based on the highest postulated pieso--

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 offactive stresses in the asterini of the aqui-
clude and deep aquifer mone where the unjor portion of the settlement is
anticipated to occur (see Section 2.5.4.10), thereby conservatively increasing
the estimated total settlement. 1.ong-term groundwater withdrawal of the deep.

aquifer is conservatively estimated to further reduce the pierometric level 87
f ant- The concomitant regional subsidence isift 4ho444etteedef%

est sted to be less than 3 ft, will be uniform across the plant site, and
vi not affect the stability and perfomance of the plant facilities (see
Se b - t 5.1.2.9.6). g,,w h )1"}3 d 2.02.0.1

2.5.4.6.2 Croundwater control criteria: The construction specification
for dewatering requires that the pierometric elevation be maintained at least
5 ft below the excavation botton within all permeable strata in the shallow
squifier zone that subsequently would be supporting Category I structures,
i.e., the E C and H 1ayers. This requirement was met during all construction
operations.

During substructure construction, the pienometric-level control criteria were
established to maintain a calculated factor of safety of at least 1.3 against

36uplift of the partially completed structures at all times.

The lowest permissible piesometric elevation has been based on limiting the
net increase in foundation pressure to 5.5 kip /f t . This limiting pressure |44

8

does not significantly reduce the factors of safety against bearing-capacity
failure (see Section 2.5.4.10.2.3) and allows for some beneficial acceleration
of the settlement process during construction.

2.5.4-62 Amendment 44
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All seepage and rain into the excavation (see Section 2.5.4.5) were collected
j by ditches and sumps and were removed by pumping.

$ 2.5.4.6.3 Construction Devaterina: The construction Dewatering System
l for the plant structures consisted of one perimeter installation around the

: entire excavation area supplemented with local systems around the deeper RCB-
| FHB excavations for each unit. The configuration of the excavation and the

,

layout of the Dewatering System is shown on Figure 2.5.4-64. The perimeter
: wells were installed at 50-ft spacing and penetrated the E layer. The design

installation capacity was 33 gal / min for each well ct 100-ft total designi

' head. The deep wells of the perimeter system were supplemented by sand drains
(see Figure 2.5.4-64) at 10-ft spacing to relieve the excess pierometric
pressure and provide drainage of the C layer.

1 The local Dewatering Systems consisted of deep wells penetrating the E layer
with every fourth well typically penetrating the C and H 1ayers of Unit 1 and:

every other well typically penetrating the H 1ayer of Unit 2 (the G layer is ,,

not present in Unit 2). The wells of the local system were installed at ;

approximately 40-ft spacing. The deep wells of the local Dewatering Systems
~

; had a design capacity of 32 gal / min at 140-ft total head.*
:

Piezoneters were installed in'the C, E G, and H 1ayers as shown on Figure
2.5.4-64 to monitor the drawdown and performance of the Dewatering System.
Fore pressure cells were installed in selected piezometers in the building
areas and also in the backfill to allow monitoring after construction of the
building foundations.

2.5.4.6.4 Groundwater Recordings During Construction: The actual
responses of the piezometers located in the C, E. G, and H 1ayers are shown on

j Figures 2.5.4-65 end 2.5.4-65A for Unit 1. Figures 2.5.4-66 end 2.5.4-66A/or 26

| Unit 2. (pa, s..r. Nrs Cup s.r,y.u s Q241
.2N

The perimeter system pumping rate was initially 2,900 gal / min, and a steady-
3

, state condition was reached after about 6 weeks of pumping at a rate of about
i 1.300 gal / min. At both units, local systems discharged initially at a rate of

about 500 gal / min each. The long-term combined pumping of the Unit 1 local
system plus the perimeter system was 1,300 gal / min. The combined pumping of ;

Unit 2's local system plus the perimeter svstem was 1,500 gal / min. This indi-
cates a significant drop in perimeter pumping as the local systems reached a

j steady-state condition,
i

The C-layer artesian pressure was relieved af ter about 75 days of pumping, at ;

which time the piezonetric surface was just below the top of the layer. There,

was insignificant drawdown in the C layer after this point due to the very low
permeability of the layer.

4

Layer E responded rapidly to the perimeter Devatering System pumping, and the
piezometric pressures were reduced to about El. -30 ft MSL, i.e., near the top
of the E layer in less than 5 days. The pierometric level in the E layer,

subsequently dropped to about El. -46 ft MSL over a period of 50 days. This
period represents the actual dewatering (lowering of the phreatic surface) in*

the E layer. The local Dewatering Systems, as they became operational,
'

( further reduced the piezometric level to about El. -50 f t MSL, which is near
.

the bottom of the E layer.
i

!

: 2.5.4-63 Amendment 36
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iThe piezemetric levels in the C and H 1ayers also responded to the perimeter '

pumping system, which demonstrates that the G and H 1ayers are hydraulically ,

connected with the E layer some distance from the plant area. The piezometric
levels in the G and H 1ayers were drawn down to about El. -20 f t MSL over a
120-day period.

The G and H , layers respectively responded very rapidly to the local pumping,
and the peizometric pressures were drawn down to about El. -70 ft MSL, f.e.,
near the top of the G layer, in less than 10 days. It is evident from the
similarity of response that the G and H 1ayers are hydraulically connected.
The recharge of the G and H 1ayers was very rapid upon termination of the
local dewatering, system for Unit 1 in November, 1976. The increase in piezo-

',

metric level within the H 1ayer (note that the G layer does not exist in Unit
2) was likewise very rapid when the pumping of the local dewatering system for
Unit 2 was terminated in February of 1978, which demonstrates that there had
not been any significant depletion of the lower portion of the shallow aquifer
zone due to the construction dewatering. 36

i The pumping of the perimeter dewatering systen has been gradually reduced
since early 1978, to allow for a controlled increase in groundwater elevation
within the plant area as the building construction and backfill proceeds. The
pumping rate of the perimeter system was 600 gal / min in February, 1979. The
groundwater elevation increased during 1978 at a typical rate of 4 f t per
month within the E layer due to this reduction in pumping rate. The piezo-
metric level in the C layer increased by a nominal amount (i.e. less than 10
ft) during the same time period. As of August 1984 the pumping rate of the | 36
perimeter system was approximately 700 gal / min, consequently plant area water | 44
levels as of this date were slightly lower than 1979. K 3 d. g | 36

2.5.4.6.5 Permeability Determinations: The design of the Devatering
System for construction was primarily based on a series of three pumping tents
performed at the plant site. Three additional pump tests, two in the shallow
aquifer and one in the deep aquifer, were conducted in wells located 1 to 3

; miles from the plant site.
1

The properties of the upper section of the shallow aquifer zone were deter-
mined by a pump test run in layers B and C. The lower section of the shallow
aquifer zone consists of three separate layers (E. G, and H) at the plant
site. Two pump tests, one short term (5 days) and one long term (12 days),
were performed to determine the properties of this lower section. Both of,

' these tests were run in layer E, and the hydraulic properties of layers C and
H were considered to be essentially the same as those of layer E. The esti-
mate of similarity between layers E, C, and H was based on a comparison of
grain size, density, fabric, and piezometric response during the long-term
pump test.

On the basis of the pump test results, the permeability, transmissibility, and
storage coefficients of the two sections that constitute the shallow aquifer
zone were computed. A summary of the aquifer characteristics is given in
Table 2.5.4-33. The results of laboratory permeability tests on the struc-
tural backfill materials are also included in this table.

2.5.4.6.6 Groundwater History: The groundwater elevations in the
general plant area within the shallow aquifer zone for the period September

2.5.4-64 Amendment 44
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| 1973 to just before initiation of the plant area Dewatering Sy tem in November

! 1975 are shown on Figures 2.5.4-67 through 2.5.4-69. The pie eter locations |

I are shown on Figure 2.5.4-50 and 2.5.4-51. Thepiezometricrjsponsewithin 26
.

the shallow aquifer zone during dewatering operations through _ W d^^' is q
! depicted on Figures 2.5.4-65, 2.5.4-65A, 2.5.4-65B, 2.5.4-66, 2.5.4-66A. and 241
| 2.5.4.668. .02N
!

| The groundwater in the lower portion of the shallow aquifer is expected to i

j return to its normal preconstruction elevation at 17 ft as controlled by the
! nabient piezometric pressure in the E. C, and H 1ayers. The piezometrie

pressure of the C layer, i.e., the upper zone of the shallow aquifer, will be.

| similar to the pressure of the deeper part of the shallow aquifer zone in the

j immediate vicinity of the plant structures due to the interconnection of the
| upper and lower zones by the pervious backfill. However, the pressure is
i expected to increase in the upper zone to the general ambient elevation near
; 26 ft MSL at locations beyond 200 ft from the plant structure limits (to be

supported by piezometric data obtained after plant backfill and natural
4 recharge).

a The probable maximum flood (PMF) is described in Section 2.4.3. The postu-
! lated maximum runup for which the plant structures are designed varies around |
j the perimeter of structures and is discussed in detail in Section 3.4. The ;
! groundwater pierometric pressures will rise to the PMF elevation for a short
; period of time because of the direct hydraulic conununication through the

backfill. The increased piezometric pressures will dissipate within a short,

I period of time as indicated by the rapid responses described in Section
2.5.4.6.5.

| '

Historical piezometric levels in the site vicinity show the progressive
lowering of the piezometric elevation of the deep aquifer zone (see PSAR
Figure 2.4.13-5A). Prior to significant groundwater withdrawals, which began'

| in the 1940's, deep aquifer-zone piezometric levels were slightly above ground
; surface. In recent history, the pierometric elevations have remained at about
! sea level from 1967 to 1973 near the eastern boundary but have declined from
| about El. -14 f t MSL to about El. -28 f t MSL at the western site boundary.

For the STP plant site area, the 1975 pierometric level was estimated to be at
,

| El. -33 f t MSL (see PSAR Figure 2.5.1-16D --da-1984 this:1evei-ta-staboirt. 44 i

E1p43ft-MSLt(seeFigure-2;L4-70Bh_ , W,g w pf.-g g f h .7
The groundwater ele &O ~9 !! sos $iMofeng(e aep aquifer zone are conserva _.res)tively esti-fp u *A.:r.v f;

vations in'thei

i mated to be lowered an additiona 7 ft below thej bserved elevations
| describedabove,intheperiod{between1973an 90 (see Section 2.5.1.2).
| Jeaa at f1!T U m a h o a. o

2.5.4.6.7 Monitorina of Croundwater Elevations: The piezometric eleva-
.

tions in the plant area were recorded on a weekly basis during construction!

i (see Section 2.5.4.6.4 above). The regional groundwater conditions in the
,

shallow and deep aquifer zones are being recorded on a monthly frequency.

| 2.5.4.6.8 Croundwater Flow: The plant area groundwater flow coincides 6

with the regional flow as described in Section 2.4.13.2.4. The groundwater
movements are westward in the deep aquifer and toward the southeast in the |5
shallow aquifer. Figures 2.5.4-70, 2.5.4-70A, and 2.5.4-708 show the gradient 26

| in the deep aquifer zone at various times between 1951 and 198#.I PSAR Figures |q 0t
2.4.13-11 and 2.4.13-14 show the preconstruction gradient of the lower and 241.

02N

2.5.4-65 - Amendment 44
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The preliminary construction phase re-analysis also included using a deeperThectratigraphic column and a more efficient and versatile computer program.
preliminary (1979) studies included two of the three regimes of heave / settle-

The third regime,ment process, that is, heave and recompression of heave.
net settlement, was being approached when the preliminary study was completed. ;

)

!In 1983, an additional settlement evaluation was made which included projec-
This evaluation included the use of the revised 35

tions of the movement curves.
construction load schedule, and the use of the field instrument data obtained
through April 1983. The study also considered the effect of the main cooling
reservoir (MCR) embankment load and water load (Ref. 2.5.C-1).

The study
utilized the information from the previous (1979) analysis, an interim (1981);

ctudy, and the trend line plots of instrumentation data from construction day
1500 (approximately 19 October 1979) to construction day 2800 (approximately
11 May 1983).

The projections of future settlement were made using the previous analyses and
instrument da,ta. This was confirmed with an analysis using a consolidated
model based on'a compressibility concept similar to a compression / tension,

cpring analogy.

The results of the construction phase settlement analysis described herein are
further addressed in Section 2.5.C.4.5 below. The settlement projection
curves for the behavior of the structures are shown on Figure 2.5.C-9' 35
2.5.C-9A. 2.5.C-10, and 2.5.C-10A superimposed on the actual observations.

>

i 2.5.C.4.5 Predicted and Actual Movement.

2.5.C.4.5.1 Unit 1 Area The actual movements for the Reactor Contain-
ment, Fuel Handling, Mechanical-Electrical Auxiliaries, and Diesel-Generator 26
Buildings are shown on Figures 2.5.C-9 and 2.5.C-9A. These curves have been
taken directly from Sondex BHP, and Structural Bench Mark observations at |q241
points'near the foundation elevations for the buildings, as noted on the fig- 'O1N

The projected movement curves, based on the settlement analysis as 26ure.
described in Section 2.5.C.4.4.1 above, have been superimposed on the observed q
movement curves for each building. These projected movement curves are based 241
on the settlement analysis for actual construction loads and instrument data 01N
to April 1983. -Jhe-peefected. movement,-eurves-show-en-agree _..; sith-th: .;L yg4
" d ::rred heave -reeeepre;; hn. ;;f ::t i z at. W A E S & t k 35r-

The projected maximum differential settlement between structural bench mark
(SBM) locations, see Figure 2.5.C-3, is shown on Table 2.5.C-4. The projected

tilt within the various structures is shown on Table 2.5.C-5. The observed
differential movement between buildings is shown on Figure 2.5.C-11. The

differential movement profile within buildings (tilt) is shown on Figures
2.5.C-13A and 2.5.C-138.

The effect of the embankment load and water load of the essential cooling pond'

was considered in the Design Phase (1974-1975) analysis and the recent (1983)
| settlement projections. The essential cooling pond has little effect on the'

settlement of Unit 1 because there is very little load and subsequent subsur-
i face stress field change. The pond is but a rearrangement of load due to the

shallow excavation and low dikes.

.

2.5.C-6 Amendment 44
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The effects of the MCR embankment and water load have been considered (Ref.
2.5.C-1). The effect of the embankment, which has been in place some time, is
accounted for in the field instrument data and subsequently the current (1983)
settlement projection which used the instrument data. The effect of the MCR
water load W f. 2.". 3)#on the structures will be small, It de ce ^ e-de3 35
af ^ ^^5 fu : (:;;;;;imateh 1/16 i-@f'and was not taken into digaccount

---- e. 4. ...a . -3%% in the. Pr J ecHcos e
offet day $4c6 (aftfrapim4ftly & W|$N)

Very little differential settlement has been observed between the Unit 1
building . Also, very little anticipated differential settlement is projected
for the Unit I structures (Table 2.5.C-4). The anticipated tilt after day
3400 (Approximately end of 1984) for Unit 1 (Table 2.5.C-5) is projected to be 39sma11, a.,6 cbserved tilh @eet h ylocob

2.5.C.4.5.2 Unit 2 Area: The actual movements for the Reactor Contain-
ment, Fuel Handling Mechanical-Electrical Auxiliaries, and Diesel-Generator 26
Buildings are shown on Figures 2.5.C-10 and 2.5.C-10A. These curves have been Q

3~obtained directly from Sondex, BHP, and Structural Bench Mark observations at 241
points near the foundation elevations for the buildings as noted on the fig- .0IN
ure.,

The projected movement curves 're based on the settlement analysis as de-a
scribed in Section 2.5.C.4.4.1, above, have been superimposed on the observed

35 t

movement curves for each building. The projected movement curves are based on
the settlement analysis for actual construction loads and instrument data to
May 1983 and the anticipated Unit 2 construction loads and schedule. 4he |44prej::ted-movement-curvn :h:r :: egreement-with the estual eb e-- ' k-- e.:

r:::- ' r:: 44n-and-sett4*eenh.7 - & 1c -r= w
The projected maximum differential settlement between locations (see Figure
2.5.C-3) are shown on Table 2.5.C-6. The projected tilt within the various

structures is shown gn Table 2.5.C-7. The observed differential movements
' between buildings foi shown on Figures 2.5.C-12 X,,_Iht_d_if ferential movement
profile 3 within buildings (tilts) (s. shown on Figures 2.5.C-14y1 a 4. 2.s.e -124.

""
(JEU.S.c -14A.

The effect of the essential cooling pond embankment load an;[ vater load was not 35
considered for th ::: -
considered 5:c %q Unit 2 settlement evaluation and projection A It-wa:it is quite distant fr r "..h 2 and has no effect on the
stress field beneath Unit 2. b

The effect of MCR is the same as previously discussed for Unit 1.
affw day 34ce.

A small amount of differential settlement has been observed between the Unit 2 |building enerally only a small amount of future differential settlement is

anticipated. The anticipated tilt for Unit 2 Table 2.5.C-7, is generally
small, and ine. c6 served tift is nuV also smjj ,,'m y(

2.5.C.4.6 Conclusions.

2.5.C.4.6.1 Behavior of Foundation Soils and Structurest The current
geotechnical instrumentation data show that the foundations soils in the plant
area did heave and recompress in good agreement with the projections obtained

.

|

from the preliminary construction phase analysis. The projections have been
35updated (1983) to reflect the actual load history, the projected loading, and

2.5.C-7 Amendment 44
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schedule to completion, and are shown on Figures 2.5.C-9 and 2.5.C-9A for Unit 351 and Figures 2.5.C-10 and 2.5.C-10A for Unit 2.
Mr- Auy.N /965

*

The differential movements between Unit 1 structures measured as of cid IM'.
are shown on Figures 2.5.C-11 and 2.5.C-11A. The recorded differential move-
ments vary from negligible between theU ;;1stien Vein Csticle (IVC) and the

ReactorContainmentBuilding(RCB)to{ebene1in.betweentheIVCandthe 44
Turbine-Generator Building (TGB). slptly abne.

O.7 O,. A"j"d
'

The differential movements between the Unit 2 structures measured as of eid-
1465 -1984 are shown n Figures 2.5.C-12 and 2.5.C-12A. These differential move-

ments vary fromynegligible'between the%henical-Electrie-Auxiliary-twi44feg
N5FTnd the SRtc ih4 fin, between he MEAB and the FHB.

We, ,.m ...-(..s/qof/y /en Na /) Isolatica Wive Cubiela (IVt.)1 and . ,u : >.. n m .. _..., _.._--_. m - ::;;; f_ . ,.i:; a
.?c 9 : 2:e ui;hio ;h. d. i.o u it s ia defi n d 1.- C u tica 2.5.1.11 #
The measured dif ferential[4;tti acress individ.al Cat.3ny i .

M9. Aupt
eevement: richir. the structures of Unit 1, as of e+4 44

1996 4964 are shown on Figures 2.5.C-13A and 2.5.C-13B. These figures indicate4

that there was very little chang the differential movements since February 35
1982. The maximum differential were 0.2 in. in the RCB, 0 Y in. in'

theFHB(north-southsection),0.7in.intheMEAB(east-westsection)and0.d|44
' *

ta curess ind:.:d .) Cat.yy 1 Aupt
The measured differential eevenette fthir th: structures of Unit 2 as of e44-

1965T +964 are shown on Figures 2.).C-li and 2.5.C-14A,. The measured maximum dif- 44

section) O M,vements were 0.831n. in the RCB, 0.) Sin, in the FHB (north-south
ferential mo

in.jheMEAB(east-wes: section) and 0.f41n. in the DGB.
k f%: ~== 'x,

pux;; :23-til: ri:H :tructuree-fer Unit 1 ::d ' 35J-ere=within-the-desiga-eriteria-4 eld :d ir Sect 4:n 2.5.2.11.C
M @I) H .

2.5.C.4.6.2 Predictions of Differential Movements During Plant
Operation: The design criteria for differential settlement affecting piping
systems are defined in Section 2.5.4.11 and are applicable after the actual
pipe connections between the buildings have been made. It is estimated that |43
no pipe connections are to be made prior to the end of 1904.

|39
The projected tilt and differential settlement for Unit 1, after construction | 35
day 3400 (end of 1984) are reported in Tables 2.5.C-4 and 2.5.C-5. The values
are acceptably small.

The projected tilt and differential settlement for Unit 2, after construction 39
,

' day 3400, are reported in Tables 2.5.C-6 and 2.5.C-7. The projected tilt and !
differential settlement for Unit 2 af ter day 3400 will be acceptably small. I

|

2.5.C.5 Regional Subsidence Monitoring Program
i

2.5.C.5.1 Reaional Subsidence Monitoring System Description. The
' regional subsidence monitoring program is capable of monitoring both vertical l

and horizontal ground surface movements at the STP site. This is accomplished !
by the installation of a deep reference bench mark, 13 near-surface monuments !

for measurement of vertical ground surface movement, and 9 near-surface monu- [
ments for measurement of horizontal ground surface movement (see Figure

;
;

2.5.C-8 Amendment 44 |
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| 2.5.C-1). To supplement the vertical and horizontal near-surface monuments.
! en array of open standpipe pienometers was used to monitor the two distinct

groundwater aquifer zones. As shown on Figure 2.5.C-18, 30 permanent pienome-
ters have been installed; 21 of these are located in the shallow aquifer mone.

; and 9 are located in the deep aquifer sone (See Table 2.5.C-2). t

i

| The deep reference bench mark functions as datus for the near-surface subst- |
! dance monuments, and this datum was established by a first-order-level loop ,

j from the primary reference bench mark (see Section 2.5.C.2) prior to the com- l
mencement of dewatering and plant ares excavation operations. The relative. i

i novement of the primary reference bench mark versus the deep reference bench !
mark is established periodically to provide continuity between measurements of

; the settlement and subsidence monitoring systems. [

2.5.C.5.2 Instrument and Installation Description.
,

|

2.5.C.5.2.1 Deep Reference Bench Mark: The deep reference bench mark
was designed to enable the continuous measurement of total subsidence at the :y STP sitg throughout the life of the plant. The deep reference bench mark was I

positively anchored to the strata and was installed at a depth below the sone!

l of potential regional subsidence caused by groundwater withdrawals, with the
top of the anchorage approximately 1.134 ft below the ground surface. The
anchorage and riser pipe were separated from possible consolidation effects of

j the overlying compressible sones by a 4-in.- diameter casing. To provide
: continuous ground surface subsidence measurements, a modified Stevens type F
' recorder will be installed and operated within an instrument shelter when the

plant area backfill reaches final grade. The recorder will be supported on
the ground surface, free to move relative to the bench mark. Continuous

; recordings will be obtained by attaching the top of the deep bench mark riser
pipe by a weight-tensioned wire to a chart drum which will turn proportionally4

to the settlement as a clock-controlled pen moves over the chart at constant !

|
speed. g pgm jg h5

; The eep reference bench mark was installed in e y ezisting exploratory bore-4 ,

! hole which had been drilled to a total depth of 2.619.5 ft below the ground ;

i surface N 112 [- -- located immediately south of the plant !
structures, as shown on Figure 2.5.C-1. A 4-in.-diameter casing was installed i

j to a total depth of 1.115 ft (bottom of casing at elevation -1.087 ft MSL). '

i The botton 100 ft of a 2-in.-diameter galvanised pipe was anchored in grout
| below elevation -1.107 ft Mst., thus leaving a 20-ft open section to prevent
j influence between the anchor and casing.
J

| 2.5.C.5.2.2 Near-Surface Subsidence Monumentet A series of 13 |'

near-surface subsidence monuments was installed in the plant vicinity, as
[

] shown on Figure 2.5.C-1. These bench marks were anchored at a depth of about ;

} 18 ft, thereby minimizing the effects of seasonal shrink / swell ground surface i

j movements due to variations in water content in the surface clays. The eleva-
: tions of the near-surface monuments are periodically determined relative to
] the deep reference bench mark by conventional survey techniques to a precision
i of 20.01 ft. I
|
1

! The near-surface vertical monuments consist of an approximately 18-ft-long.
1 3/4-in.-diameter steel rod. A borehole was drilled to a depth of 10 ft for
'

installation of the monument, and the rod was inserted in the borehole and

i

|
'2.5.C-9 ,- Amendment 44
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j 2.5.C.5.2.5 Restonal Deep Aquifer Pierometers: The eight resional deep '

: aquifer piesometers installed in 1974 were designed to register the composite ,

| artesian pressure for the deep aquifer zone. A ninth deep aquifer pienometer !

: (no. 029) was installed in 1975 adjacent to the deep reference bench mark. A
} 5-ft-long, wire-wrapped pipe base screen was positioned opposite each major
j sand stratum below a 280-ft depth with solid pipe between the screen sections.
j Sand was placed around the standpipe and screen sections up to a depth of 220
i ft, and a bentonite-coment grout was placed around the standpipes through the
| remainder of the aquielude and shallow aquifer sone. The pienometers were
i installed with 1-1/2-in and 2-in. diameter screens and riser pipes. These

] piesometers are of sufficient diameter to allow sampling of the groundwater at
j selected depths and can be used to monitor water quality (see Section
| 2.4.13.4). The pienometers were developed by inserting a 1-in.-diameter steel t

! pipe to the bottom and pumping compressed air into the standpipe until the ;

) water was clear. Reaction time was checked as described above for the shallow '

aquifer pierometers. The piesometer installations have vented, removable caps |'

. and are protected with barricades. The depths of the piesometer installations | 20
and the c.iameters are listed in Table 2.5.C-2A.'

; ,

j Measurements of the piesometric elevations are obtained by using apparatus and.

' methods similar to those used for the shallow aquifer piesometers (see Section !

2.$.C.S.2.4) and are likewise recorded to a precision of 10.1 ft. :

)
i 2.5.C.5.3 Frequency of Observation. During construction, the i

I

! near-surface subsidence monuments and the shallow aquifer pienometers are
} nonitored on a monthly basis (see Table 2.5.C-1). The regional horizontal -

j strain monitoring is implemented on a semiannual basis. The regional deep
|

aquifer piesometers are monitored on a weekly basis. The total subsidence
,

! monitoring at the deep reference bench mark will be monitored by a continuous
! recording device when final grade is achieved in the plant area as described ,

'

i in Section 2.5.C.5.2.1.

2.5.C.5.4 Interpretation of Field Data. Subsidence monitoring data have g ,

been checked and evaluated by geotechnical engineering personnel. Initially

| the monitoring data were plotted directly in the field as the measurements are ,

j obtained to allow direct field cognisann of the gus11ty of the data and I

i events which may have affected the data. Similar plots were maintained in the |44 4

engineer's office and periodically checked against the field plots.

j Currently, the subsidence data are periodically compiled and reviewed in the 44 '

i office. ,

|

| 2.5.".5.5 Monitorina Results. ,

I
| 2.5.C.5.5.1 Deep Reference sench Marks Subsidence monitoring data of ;
,

j the deep reference bench mark location will be provided when the continuous !

j subsidence monitoring instrumentation has been installed.
| l

2.5.C.5.5.2 Reaional Near-Surf ace Subsidence Monitorina The locations
,

|
of the regional subsidence monuments are shown on Figure 2.5.C-1.

2
The__ observed movements of the individcal monuments are shown on Figure,5 ,,

2.5.C-1% The deep reference bench mark is used as a reference for regional
,

i ! near-surface monitoring. The combined relative movements of the regional ,

9 0 3,5'.C'14 A
,

'

| 2.5.C-11 Amendment 44

| .

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



ATTACHMENT I
STP FSAR ST.HL AE WW

PAGE N OF ko
T

horizontalstrainandnearsurfacesubsidencemonumentsthroughMarch198[are|44
chowninFigures2.5.C-23and2.5.C-2f. | 35y

2.r.t n y,r g.2 4 gne 2.5. t *W
Figures 2.5.C-25, 2.5.C-25A,-and 2.5.C-255,show contours of the total subsi- 1 35

5 |44dence as of January 1979, January 1981, and June 1984s espectively. The
9contours of total subsidence experienced since 1976 ar superimposed on con-
361

tours of the decline in piezometric levels of the deep aquifer since the start
* IC

|35cf construction, activities (1975 data shown on Figur 2.5.4-70 (4) used as
basis). g g

26Monuments SV-1, (subsequently replaced by monument SV-N in May 1980) and SV-H,
cre within the area subject to significant heave caused by plant area excava- Q

241.tion, atructural loads and backfill. Monument 1 (N) has subsequently followed
the recompression of heave essentially controlled by Unit 1 Construction (See 02N

Figure)2.5.C-S), but the monument has also been influenced by settlement
f##* " caused oy construction of the embankment for the main cooling reservoir.Monuments F, G and J have further been influenced by continued excavations ,

north and east of Unit 1 for the Essential Cooling Water pipes and the Essen- (35
tial Cooling Pond. The 1981 review concluded that the net effect was that the
ctress reduction due to plant area excavation caused a local heave which to'

some extent has offset the otherwise uniform regional subsidence pattern.
Construction of the main cooling reservoir embankment has caused a compara-
tvely steepened gradient on the south side of the plant. The present review b5

/985 B ) indicates that the monuments continue to be influenced by near-surface t,4
cffects of plant construction, though the vertical control curves generally
flattened and in some cases rebounded slightly during the 1981-198// period

,4

(see Figurej2.5.C-1 { puo 2.r.C-19A
-

The average subsidence for the six monuments outside the area of major influ-
cnce from the plant area stress reduction (i.e., A, B, C, D, E, and K) show an
interpreted subsidence rate range of from less than 0.1 in. to about 0.2 in. |44
per year. Short-term movements deviating from the long-term trends have been
recorded during irrigation pumping within the deep aquifer. These movements
relative to the long-term trend have been typically about 0.3 in., entirely 35
within the elastic range of deformation for the clay strata underlying the
site region.

2.5.C.5.5.3 Regional Horizontal Strain Monitoring: The base line dis-
tance between the horizontal strain monitoring monuments is shown in Tables 26

2.5.C-3, 2.5.C-3A, and 2.5.C-3B, together with the relative changes in the |Q241.02N
distances as measured twice a year. The surveys will be conducted at 6-month

2 44intervals, construction conditions permitting. Figures 2.5.C-23, e2.5.C-E
Q36[1.show the combined movements for regional horizontal strain and n ar-surface

cubsidence monuments through March,1984'.Mhe recorded movements are within 4
[ 44the criteria for accuracy of the measurements (1:10.000) except etween monu-

ments C and J where a difference of -0.134 ft was observed over a distance of 26

| Q244740 ft on June, 8 1978 (See Table 2.5.C-3A). This anomaly has ubsequently
fully recovered and is being attributed to a survey inaccuracy The overall 5 .02N

cvaluation is that the recorded differences in distance betwee the surveys Q361.9
#patott appearp to be random and no trends can be discerned | 26

Q241
.2N2.5.C.5.5.4 Regional Shallow Aquifer Monitoring Locagions of the

piezometers are shown on Figure 2.5.C-18. The piezometers 16cated in the
challow aquifer zone are identified in Table 2.5.C-2. Time history plots of

a ,5*, c- wt, a . r.d-H a sed
.n. v.c J m

2.5.C-12 Amendment 44

t



.

STP FSAR ATTACHMENT l
ST HL AE LW)
PAGE TOOF 60

shallow aquifer groundwater fluctuations commencing in 1973 are provided on |26
Figures 2.5.C-20 and 2.5.C-20A for the upper sone, and on Figures 2.5.C-21 and |Q241.
2.5.C-21A for the lower sone. As can be seen, there is no evidence of sus- 02N
tained regional groundwater table lowering during the preconstruction and
construction monitoring periods. The decline in the lower mone of the shallow
aquifer starting in November 1975 was caused by plant construction dewatering,
and a corresponding recovery has occurred since the dewatering pumping rate
has been gradually reduced beginning in early 1978 (see Section 2.5.4.6.4).

2.5.C.5.5.5 Rentonal Deep Aquifer Monitorina: Locations of the pierome-
ters are shown on Figure 2.5.C-18. The piesometers located in the deep squi-
for sone are identified in Table 2.5.C-2. Provided on Figures 2.5.C-22 and 26
2.5.C-22A are time-history plots of deep aquifer groundwater fluctuations | Q241 -
commencing in January 1975, which show that during the rice irrigation season 02N
the pienometric level is lowered, particularly at the northern site boundary. 5The piesometric level increases again during the winter.non-growing season.

Q361-The decline of piesometer No. 604 during the beginning of 1976 was caused by 08
start of pumping in the adjacent deep well used for plant construction purpos- 26es. Similarly, piesometer No. 613 and to some extent No. 614 are affected by qdeep well pumping for construction purposes. This localized drawdown is ten- 24'
porary and will partially recover when the construction withdrawal is reduced

0 21
.

to the quantity for normal plant operation. The construction dewatering sys-
tem is described in Section 2.5.C.6.1.2. The groundwater conditions are also
further described in Section 2.4.13.2.3.

2.5.C.5.6 Conclusions. The regional shallow aquifer monitoring demon-
strates that pianometric levels within the shallow squifer mone have remained

( near their 1973 ambient levels outside the ares of influence from construction
dewatering. This substantiates the PSAR conclusion that this aquifer sone is
little used. The construction devatoring effects in the plant area on this
aquifer sone are addressed in Section 2.5.4.6.

There have not been any significant regional chasses in the groundwater condi-
tions of the deep aquifer during the monitoring period of 1973 through Juk .Tw e
198 6 The relative decline varies between the itrigation pumping and 135 2

non-pumping seasons. Based on the pienometerr most removed from on-site 5 Q
pumping (605, 606, 607, 608), the average acaual decline between January 1975 Q 2

ppf 19f f and, July,H 84 (Figures 2.5.4-70. 2.5.4-70A and 2.5.4-70s) has been approxi- 361 ,C

tely one foot or less. (Feak declines in these pierometers occurred in .08
19818 between 1981 and 1984fpierometric levels have generally stabilized or -

recovered partially.) This is less than the predicted decline of 1.9 ft per
year based on the projections described in Section 2.5.1.2.9.6.2.5. The
drawdown and recovery associated with the irrigation pumping has followed the
general preconstruction seasonal pattern.

As of 198 the net vertical movements of the near-surface subsidence 26

monuments range between approximately 0.5 and 2.25 in. The average subsidence B 4
rate of the monuments farthest removed from the plant area ranges from less 241,

than 0.1 in. to about 0.2 in. per year, which is less than the 0.6 to 0.8 in. 02N

predicted during the PSAR studies (i.e. 2.5 to 3.0 ft between 1973 and 2020, 5

see section 2.5.1.2.9.6.3.1). The vertical movements were initially rather Q361.
uniform within the accuracy of the measurements; however, plant construction 10

has affected the movements, particularly during 1978 and 1979. The apparent
subsidence to the south of the plant structures has been due to subsurface

.

2.5.C-13 Amendment 44' *
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j consolidation caused by construction of the MCR emban ut. The plant area 5

; itself has shown less subsidence than the general regi foal pattern due to the Q361.
'

10
i heave caused by the construction excavation unloadin y The subsidence con-

tours of Figures 2.5.C-25, 2.5.C-25A, es#'2.5.C-25Bandicate that the nest-
i surface influence of plant construction affects most of the subsidence monu- |35

ment network. The influence of the MCR embankment construction is evident in |44 ]'

the gradient toward the south from the plant area; however, the steepness of |33
the gradient ist this direction is less than in the previous plate. Comparison ,

i

| of the subsidence contours to deep aquifer drawdown contours provide evidence i

to suggest that only a small amount of the observed movement may be the result 44'
,

; of deep aquifer groundwater withdrawal. Near-surface phenomena from construc-
tion loading initiation of MCR drilling and fluctuation of water levels in the'

j shallow aquifer appear to impose a more pronounced effect on the ground sur- !
-

l face movement record.
4

j The*overall conclusion is that the regional subsidence and the decline in
regional piesometric pressure within the deep aquifer have been less than,

j
anticipated for the monitored period. The regional behavior supports the
conclusion expressed in the PSAR that there are no discontinuities in the near

i 35surface stratigraphy in the site area (see section 2.5.1).

2.5.C.6 Construction Monitoring Program

2.5.C.6.1 Construction Monitorina system Description. The construction'

monitoring program was capable of monitoring 1steral soil movements of the
slopes for the local deep excavations for the RCB and FHB for Units 1 and 2
from which the slope stability could be assessed. The construction monitoring
system also includes monitoring the effectiveness of the dewatering system.
This has been accomplished by the installation of six inclinometers and an |44
array of open standpipe piesometers and pore pressure cells (PPCs) located in
the C. E. C, and R layers of the shallow aquifer sone in the plant area.

i -

2.5.C.6.1.1 Slope Stability Monitorina System: Three torpedo inclinome-
{ ters were installed for each unit (see Figure 2.5.4-52) to allow observations
j of the slopes that subsequently would be located under foundations for Catego-
{ ry I structures. These instruments were installed prior to commencement of
i the deep local excavations. All these instruments have been decomissioned as 44

of August 1984.'

:

2.5.C.6.1.2 Devaterina Monitorina System: Open standpipe piezometers 26
were installed in the C, E G, and R layers of the shallow aquifer sone and in

Q241
i

the structural backfill to allow observations of the dewatering performed for 02N
,

| construction of the plant area buildings. The locations of these piesometers
! are shown on Figure 2.5.4-64. Twenty piesometers were located in the C layer. |35
! 36 in the E layer 4 in the G layer, 10 in the H 1ayer, and 4 in the structur- |26
|

al backfill. Certain piesometers within the excavation were located adjacent Q241.
to settlement / heave instrumentation to provide pienometric-level data directly 02N;

| correlative to the settlement / heave observations. In order to permit contin-
j ved monitoring of piesometric levels during plant construction PPCs were |35
; installed in selected piesometers and subsequently monitored remotely at a
| terminal for each unit (Figure 2.5.4-64). In addition, a number of PPCs were

! installed directly in the structural backfill to monitor the groundwater in
| this material. Five PPCs were located within the C layer, 22 in the E layer. |35
i 4 in the G layer, 7 in the H 1ayer, and 10 within the structural backfill.
I
I

2.5.C-14 Amendment 44'
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TABLE 2.5.C-3B (Continued)

REGIONAL HORIZONTAL STRAIN MONITORING DATA 35

,

Between Initial Distance (ft) Monitored on 3-16-84 Monitored on f-//-8f
Monuments Monitored on 3-30-76 Distance (ft) Distance Change (ft)" Distance (ft) Distance Change (ft)

B-G 1.457.749 1.457.822 0.073 f, f.s y g37 o,ogg

G-J 741.098 741.048 -0.050 / V/. / 0 Y 8 80 /=
2

J-L 1,120.640 1.120.606 -0.034 /, /Ao, 6/7 o,oA3-

E-C 1,921.247 1.921.133 -0.114 /9J/./39 - o * /#8

C-F 977.849 977.740 -0.109 977.84/ O 8 '#'' h
~ #' # EF-H 1.431.962 1.432.013 0.051 /W3/. 731

e
b 6. o f (,

M-B 832.907 832.908 0.001 g 32.92 3

2/ i#' 7/'O #' #/!2M-G 2.290.519 2.290.730 0.211

-
w22

" Distance chan8es are relative to the initial distance determined either on March 30, 1976 or June 8, 1978. QMb
Monument "M" was installed in April, 1978 as a backup for "B"; Initial distances between "M" and "B", and "M" *>I

and "C" were monitored on June 8, 1978.. D
4DS

g..o *
g Note: For locations of the horizontal near surface monuments, see Figure 2.5.C-1. C ~

- $
o.

E
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NOTE: ALL READINGS ARE BASED ON DIRECT NOTES:
ME ASUREMENT OF PIE 20 METRIC LEVEL
OF THE DEEP A0ulFER ZONE AT STPSITE 1.) PIEZOMETRIC LEVEL MAP ELEVATIONS BASED ON

5 FEET MSL CONTOUR INTERVAL.
SITE SOUNDARY

SITE BOUNDARY f gg . PIE 20 METER NO.604 IS LOCATED ADJACENT TO

/ ( WELL NO. 5.
( 3.) * PIE 20 METER NO.615 IS LOCATED ADJACENT TO

* * it WELL NO. 7* * it PtE2 546 PIE 2 4.1 WELL NO.5 WAS INOPERATIVE 8ETWEEN OECEM8ER.PIE 2 506 PIEZ H5
- PL ANT SI E 1979 AND JULY,1980.- PLANT SITE PIE 2 29 SJ PtEZOMETE RS NO. 612, NO. 613. NO. 614. AND NO. 615

PIE 2 29
* * * * WERE INSTALLED IN NOVEMBER.1979.

PIE 2 613 PIE 2 612 e nE2 513 PIE 2 81, 6.) PIEZOMETER NO. 6141S LOCATED 95 FEET_ ,
3 El PIE 2 Gli o e NORTHEAST OF WELL NO. 6.PIEZ 514

PtEZ 811 *n*u . nu
e o
PIE 2 6sl* PtE2 515

I SOUTH TEXAS PROJECT
UNITS 1 AND 2

ilE2 6H P!E.2 M7
^

PI.E2 M7
s

~ r
4

HISTORIC PIE 20 METRIC LEVELS
OF DEEP AQUIFER ZONE
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