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July 29, 1992

Mr. John W. N, Rickey, Chief

Ffuel Cycle Safety Branch

Division of Industrial and
Meaical Nuclear Safety

office of Nuclear Material Safety
and Safeguards

U.S. Nuclear Regulatory Commission

Was.ington, D.C. 20555

Subject: Docket No.: 70-3070
Louisiana Energy Services
Claiborne Enrichment Center
Requests For Additiconal Information
File: MTS5~-6046-00~-2001.01

Dear Mr. Hickey:

As requested by your letter to LES dated May 20, 1992, provided
in Attachment A is information related to selected environmental,
safety and guality assurance issues. Also enclosed are
"Information Only" copies of the sections of the License
Application (LA), Environmental Report (£R), and Safety Analysis
Report (SAP) that will be revised as a resalt of providing this
information. A furmal update to the license application
documents will be made in the near fucure. The responses to the
information requests regarding geology and seismology starting on
the encleosed jage S-1 reflecl the meeting with members of your
staff on June 9, 1992.

If there are any questions concerning this, please do not
hesitate to call me at (704) 373-8466.

Sincerely,

Peter G. LeRoy
Licensing Manager

PGL/N56.792

Enclosures
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ENVIRONMENTAI

Section 4. Table 4.4-2 of the Environmental Report (ER)
have been revised © provide decommissioning costs adjusted to
1996 dollars. Bection 8.1 has also been updated, as well as

8 -

jafely Analysis Report Bection 11.8. There is no ER SBection
€e¢deJo




2.2:2 LAND USE

: Provide information for any significant natural
resources at the proposed site and discuss plans for
utilization of these resources. 1f resources are to be
extracted, identify potential environmental impacts of
this utilization.

There are several limited ~utcroppings of iron ore on the LES
property. LES has no plans for utilization of this material now
nor in tha future. Petroloum resources potentially exist beneath
the LES property but LES will not recover any such resource now
nor in the future. LES' only intended activity at the CEC is the
enrichment of uranium for use as commercial power reactor fuel.
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2.6 METEOROLOGY

1. The NRC staff interpretation is that the data presented for
the low wind speed (1-3 knot' category in ER Table 2.6-5
includes periods of calms. The assumptions for the
treatment of calms are not provided. For this low wind
speed category, provide a listing of frequencies of calms
and of low wind speed observations for each stability class
and direction.

The meteorological data in Table 2.6.-5 includes periods of
calms. The discussion of the treatment of calm wind speeds was,
however, limited to those sections of the Environmental Report
(ER) and Safety Analysis Report (SAR) that dealt with the XOQ/DOQ
air modeling and results, Appendix A-1 for ER Bection 4.2.1.2.3
states that the guidance provided in Regulatory Guide 1.111 was
used t~ include calm observations into the dataset.

Specifically, the calms were assigned to wind directions in
proportion to the directional distribution within an atmospheric
class of the lowest noncalm windspeed class. This same
information is provided in Section 3.3.3.1.2 of the SAR. Neither
the joint frequency distribution of stability, wind speed and
direction without adjustment for calms, nor the number of calm
wind observations in each stability, were included in either
report. A complete listing of this data is attached (Tables A~
G).
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TABLE B







TABLE D

ANNUAL FREQUENCY DISTRIBUTION
SHREVEPORT, LA
NWS 1984-1988

3 STABILITY D
?
B i A S
| N 35 346 813 554 53 1
f NNE 17 228 509 195 15 1
? NE 15 174 395 147 1 0
% ENE 16 195 413 130 2 0
; E 25 294 462 119 4 0
; ESE 23 345 359 81 4 2
| SE 54 452 750 273 12 1
SSE 36 322 878 407 31 6
| s 35 462 1330 1078 76 5
| SSW 11 154 183 211 14 0
E SW 17 160 276 180 6 0
| WSW 16 121 160 125 14 4
| W 6 115 169 180 25 3
| WNW 11 93 248 236 25 16
i NW ¥3 %93 160 487 69 8
| NNW 11 110 311 351 34 4
| TOTAL 340 3704 7816 4754 385 51

# of occurrences of D Staility = 17432
# of calms with a = “tabil. ty = 382
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TABLE E
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ANNUAL FREQUENCY DISTRIBUTION

SHREVEPORT, LA
NWS 1984-1688
STABILITY E
Direction 1=3  4=6 2=10 1i=16¢  17-21 221
N 0 159 281 0 0 0
NNE 0 105 139 0 0 0
NE 0 85 107 Li 0 0
ENE 0 89 152 9 0 0
E 0 213 1323 0 (6] 0
ESE 0 250 72 0 0 0
SE 0 402 129 0 0 0]
S8E 0 328 212 0 (9] 0
] 0 46" 531 0 0 0
S&W 0 141 174 0 0 (9]
SW 0 129 92 0 0 0
WSW 0 121 62 Q 0] 0
W 0 122 98 0 0 0
WNW 0 72 193 0 0 (§]
NW 0 75 243 0 0 0
NNW 0 51 150 0 0 0
T 7T A L 0 2805 2767 0 ] Q

# of occurrences of E Stability = 5572

# of calms with an E Stability
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# of occurrences of F Stability = 6450
# of calms with a F Stability =

1225

TABLE F
ANNUAL FREGUENCY DISTRIBUTION
SHREVEPORT, LA
NWS 1984-1988
STABILITY F
Direction 1-3 4-6 lgffﬂﬂ.if?gle i1=21 a2y
N 19 295 0 0 0 0
NNE 13 190 0 0 0 0
NE 16 93 0 0 0 0
ENE 11 152 0 0 0 0
E 40 252 0 0 0 0
ESE 57 305 0 * 0 0
SE 109 394 0 0 0 0
SSE 59 392 0 0 0 0
s 68 782 0 0 0 0
SSW 25 311 0 0 0 0
SW 21 219 0 0 0 0
WSW 61 297 0 0 0 0
W 54 395 0 0 0 0
WNW 16 267 0 0 0 0
NW 7 218 0 0 0 0
NNW 2 85 0 0 0 0
T OoT N 578 4647 0 0 0 0

e e
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TABLE G

ANNUAL FREQUENCY DISTRIBUTION
SHREVEPORT, LA
NWS 1984-1988

# of occurrences of G Stability = 4516
# of calms with a G Stability = 3429

E~10

STABILITY G
Direction 1=3  4=6  7=10 il=16 12=21 221
N 31 0 0 0 0 0
NNE 19 0 0 0 0 0
NE L W 0 0 0 0 0
ENE 14 0 0 0 0 1]
E 29 0 0 (4] 0 0
ESE 93 0 0 0 0 0
SE 137 0 ] 0 0 0
SSE 138 0 0 0 0 0
S 112 (4] 0 0 0 (4]
SSW 51 0 0 0 0 C
SW 44 0 4] 0] 0 0
WSW 136 0 0 0 0 0
W 281 0 0 0 0 0
WNW 59 0 (5] ¢} 0 0
NW 23 0 0 0 0 4]
NNW 13 0 0 0 0 0
TOT AL 1087 4] 0 0 0 0

e



3.2 PLANT CPERATION

Plant Features

: W "It is estiamated that 20,000 gallons of diesel fuel
will be stored on site. It is necessary to assure that
if leaks from the storage tanks occur, that they will
be detected and stopped immediately." Therefore,
provide more information for the leak detection and
monitoring program that will be adopted at the site.

The diesel fuel tank design hatc »een changed from underground
storage tanks tc tanks located above ground. The tanks are
provided with a secondary containment shell to contain leaks and
spills or diesel fuel. This design change was reflected in the
March 30, 1992 revisions tc SAR Section 6.4.11. The above ground
tank design allows for visual inspection of the containment
reservoir area within the secondary containment shell for leaks
and spills and for visual inspection of the soil surrounding the
tank shell for evidence of a release beyond the secondary
containment barrier. Leak detection will be accomplished by
daily visual inspection of the area between the primary
containment tank and the secondary containment shell. Daily
inspection of the soil surrounding the containment shell will
also be conducted. Because the secondary containment shell will
be designed to contain any diesel fuel that is spilled or leaks
from the primary tank, no further leak detection is reguired
beyond visually verifying that no leaks or spills have reached
the containment reservoir within the secondary containment shell.
Since the secondary containmenc shell is designed to contain a
leak until cleanup can be accumplished, "immediate" detection of
a leak is not necessary. Additional information about leak
detection has been added to SAR Section 6.4.11.

E-11
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ivities unrelated to CEC operations are to
of property owned by LES.




4.4 DECOMMISSIONING AND DISMANTLING

4.4.27 Disposal

This section provides an estimate of the total volume C3a sy
160 cubic meters) of radiocactive warte produced on D&D
activities. Identify and provide a volume estimate of all
hazardous waste, including any potential mixed waste,
produced in these activities.

Hazardous wastes and mixed wastes are not expected to be produced
during D&D activities.

It should be noted that normal accumulation of hazardous and
mixed wastes will occur during the final months of CEC operation.
The volume of these final wastes at decommissioning, not due to
D&D activities, are estimated to be equivalent to the annual
amounts listed in the CEC Environmental Report, Table 3.3-8. An
increase of $0.1 million in the decommissioning cost has been
added to cover disposal costs of these wastes.

E=13
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8.0 BENEFIT-COST ANALYSIS

1, wWwhat are the weighted cost of capital, the fixed charge
rate, and the depreciable plant investment pr>jected by LES?

This in.ormation and reolated informaticn were provided in LES'
May 1, 1992 letter to the NRC regarding Financial Information.
Specifically, Attachment E of the May 1, 1992 submittal “LES
Project Financial Plan (Proprietary Version)" page 15, Financing
provides the regquested information.
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ocated at a distance of 15 kilome.a2rs and a h of ¢
Kilometers The magnitude of m, = 4.3 was for an earthquake with
a 500 year return period in the Interior Salt Basin source zone.
'he distance of the near~field DBE was calculated by pesitic ng
the site at the center of a circle with an rea equal ¢t the




average area for a magnitude 4.3 event over 2,374 years, assumning
an average event distribution. #ithin the circle, the event was
located at a distance such that half of the area of the circle
was closer and half was farther. The depth of tnhe event was
fixed at the top of the crystalline basement, The basis for this
location approach for the near-field DBE is that seismicity
within the Interior Salt Basin cannot, in general, be associated
with identifiable geologic structures (i.e., the seismicity of
the region must be treateé as random). The only constraint is

that damaging tectonic earthguakes are limited to the crystalline
basament.
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does exist. This interpretation is bused on the marker bed
represented by the interface between soil stratum V and VI which
is approximately 40 feet below the contact between the Cockfield
and Cock Mountain formations, Stratum V is characterized by a
silty fine sand and Stratum VI a silty clay laminated with silty
fine sand., These soil strata along with diagrammatic cross
sections are further discussed in the Geotechnical Exploration
Report.

Variations to the planar dip of this interface of 5 to 10 feet
vertically is z.tributed to facies changes as a result of lateral
variatior in Cepositional conditions and/or the interface no
being ercountered in the sampled interval. These variations are
not linear and cannot be traced across significant portions of
the site.

The following table 8G~1
interface as eancountered

presents the elevations of this
in the 301l borings.




TABLE 8G-1

BUMMARY OF SBTRATUM V/VI INTERFACE ELEVATIONS

M

SOIL BORING INTERFACE
NUMBERE ELEVATIONS
(feet, MSL)
B-2 288.8 J
B-3 289.5
B-4 INE
B=6 282.0
B=7 281.6
B-8 205,0
B=9 INE l
B-10 289.4
B-15 _278.3 l
B-16 277.6
B=17 296,8
B-18 292.0
B=15 288.0
- 3-24 INE .
¥ B-25 INE e
_ B-26 284.4
B-27 INE
B-28 289.6
}__ B-33 291,0
‘ B-34 299.3 i

8~%
Attachment 2



INTERFACE
ELEVATIONS
(feet, HMSL)




wovement in the region surrounding the CEC

investigated through review of prior work
has been done for the following reasons:

sion ¢ the site has undergone detaliled geolc
igation as part of hydrocarbon and mineral
loration, These investigations paid particular
interest in evaluating the nature and age of faults.

Most of the fault zones are a considerable distance
from the site,

luate the seismic
ial of the East Texas Basin considered the following
Mexia-Talico Fault Zone, faults in the central part
Texas Basin, ard the Mt. Enterprise Fault Zone. This
uded that of these fault zones o -
I the faul

nducted by Jackson (1982) to eva
i

of low seismic
tudied were normal~slip, moved steadily

ly Tertiary, ¢nd appear to be related t«

‘ng ceased before the Quaternary except

t the western end of the Mt. Enterprise fault

§ to the south of the Mt. Enterprise Fault
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lization.
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o
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Rgineering to evaluate the potential of using
tast Texas, North Louisiana, and Mississippi
lear waste repositories, evaluated faults in
lr seismcogenic potential and found that the
Law Engineering 1981c; SAR Reference 8)
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withdrawal with associated subsidence, in some cases with
accompanying earthquakes. Table 2 (see p. 8-11) summarizes the
information they provide., Sharp et al (1991) )valuated
widespread subsidence in the Trinity Bay - Port Arthur region of
the Texas coast of the Gulf of Mexico. They concluded that
depressurization of petroleum reservoirs is likely to be a major
cause of the subsidence.

The Mexia, Texas earthguake of 1932 has been associated with oil
withdrawal in the Mexia and Wortham Fieids. By 1932, 112 MMbbl
of oil had been removed from these fields. Production at the
time of the earthquake was high. Evidenc> for the induced nature
of this earthquake includes association of the highest Modified
Mercalli Intensity with the area of highest hydrocarbon
production (SAR Reference 1f). Evidence against an induced event
includes the occurrence of other earthquakes in the vicinity of
the Mexia fault system which are not associated with oil fields.

Fluid injection has been cited as the potential cause of
earthguakes in central and western Texas (Davis et al, 1989; SAR
Reference 15) as well. A series of small earthquakes near the
end of one segment of the Socuth Arkansas Fault Zone has been
associated with El Dorado South brine disposal field by Cox
(19%1). Based on the lack of prior seismicity, the correlation
of seismicity with known disposal rates, and location of
hypocenters in the basement beneath the well field, the author
contends that there is a strong case for induced seismicity.

In summary, seismicity has been associated with the injection and
withdrawal of fluids in numercus locatic.s in the Gulf Coast
region. 1In addition, subsidence has been associated with fluid
removal. All of the seismicity and subsidence effects have
occurred in the immediate vicinity of the pumping activity. The
potentially induced earthguakes are all low in magnitude (< 5.0)
and are interpreted to occur in the basement below the preoduction
horizons. The cause of both subsidence and earthguakes has been
hypothesized to be the rapid changes in fluid pressure generated
by human activity. While there is a potential for induced
earthquakes t. occur near the site, the probability is small
since there is currently no significant pumping near the site.
For more information on wells in the vicinity, see S8AR Section
2.1.2.5.2.

Mt. Enterprise Fault Zons: Ya-~ Mt. ! & cprise Fault Zone is one
of the few fault zones in tue Gulf Coa.: Region which potentially
has seismicity spatially associated with it. The most notable
earthquake was the MMI VII 1891 Rusk, Texas earthquake. This
fault zone was described by Jackson (1982) as being potentially
related to movement in the Louann Salt. According to Collins et
al. (1980; SBAR Reference 10), the faults in the Mt. Enterprise
system may represent hingeline effects between the East Texas

5-~9
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Basin and the subsiding Gulf Basin. While fault ¢ ivity began
during the Cretacerus, most movement occurred during the Eocene,

Fault movement reduced as sedimentation slowed and the basal salt
reached eguilibrium,.

Growth Faults: Growth faults have been and are formed in the
Gulf Coast region at active depo-centers. Movement on the growth
faults subsides as sedimentation terminates and the locus of
deposition proceeds coastward. Movement along the growth faults
occurs aseismically. Currently active growth faults are limited
to the region of the currert deposition (i.e., offshore area of
the continental shelf).

1]
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Question 7:

Although the Interior Salt Basin shows a short history of low
seismic activity, such activity does not address the issue. In
Louisiana, earthguakes do not appear to be associated with
tectonic seismogenic zones. The local extension of the non-
association is that the earthquakes, regardless of their
frequency of occurrence, can be assumed to occur anywhere in the
Basin.

The response describes several interesting and important
relations. Paragraph 1 1iscusses the Rusk, Texas earthquake of
1891 as a shallow earthguake that had a low magnitude and a
relatively high modified mercalli intensities. This celation has
been recognized in other parts of the central United States where
tectonic seismogenic zones have not been clearly rec gnized
(Table 23, NUREG/CR-1577), and clearly demonstrates that very
shallow but small magnitude earthguakes can gene.ate large
intensities .nd are not necessarily restricted to known
seismogenic zones.

The respunse, paragraph 2, “ates that the Interior Salt Basin is
stable in the modern tectonic environment, that the Lou Ann Salt
has stopped moving, that the basins ave isostatically stable,
that minor movement is rela*ed to tilting and evidenced by
flexure, that transmission of stress from the North America plate
to the crust in the Gulf Coast is not well coupled because "of
the faulted nature of the basement, and that growth faults occur
towvard the coast and move aseismically."

None of these statements address the guestion regarding the basis
for the magnitude 4.9 as the maximum magnitude for the Interior
Salt Basin and dc not address the important issue of small
magnitude shallow earthguakes and associated large intensities.
The response statements are not internally consistent in that (1)
the Interior Salt Basin is stable in the modern tectonic
environment and (2) transmission of stress from the North
American Plate to the =2rust in the Gulf Coast is not well coupled
because of the faulted nature of the basement. Firstly, the
comment that stless transmission across faults in the basement
ignores the stress transmission and potential accumulation in the
blocks between the faults. Secondly, that stress accumulation
has the potential for release and producing earthquakes.

Thirdly, the respondent's comment regarding stress transmission
is not defensible unless in-situ stress measurements are
presented. Growth faults, although reported to move
aseismically, have the potential for ground surface rupture
and/or tilting that could affect the proposed facility.

The response states that the maximum magnitude of 4.9 is based on
seismicity and tectonic considerations. The tectonic

~
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considerations cannot be fully defended (see previous paragraph).
The use of nistoric seismicity in a region is generally accepted
as one method for assigning a maximum magnitude and the value of
4.7 may bo reasonable., Commonly, a 1000-year return veriod
earthquake is chosen as the maximum event or on the kasis that
the largest historic earthquake represents the maximum event.
From the information contained in the response (paragraph 1) the
largest earthquake in the general area was the 1891 Rusk, Texas,
event, magnitude 4.1 (although the revised Law Engineering
report, March 1992, p. 3.6-25 gives the January 7, 1981, event as
an approximately value of magnitude 3.8).

Response

The basi . for assigning a maximum likely earthquake of = 4.9
tr .he Intarior Balt Basin Bource Zone is rooted in previous work
by Lew Engineering on reevaluating seismic hazard in the central
and eastern United States (Law Engineering, 1986, BAR Reference
17). Evaluation of maximum earthquake is based on regional
seismicity and nature of faulting.

geismicity: The rate of earthquake activity in the region is
among the lowest east of the Rockies. In general, the rate of
mod~rn seismicity ies considered to be a reflecticn on seismicity
in the recent past and the nrear future. The computation of a
100U~year event is generally appropriate in areas of relatively
high seismicity (Nuttli and Herrmann, 1978). Nuttli and Herrmann
(1978) fouad that, in relatively active areas, the 1000-year
event was rough’y equivalent to the maximum earthquake. The Gulf
Coast is not such an area.

The largest recorded earthgquake within the Interior Salt Basin
had an m, = 4.1 which is 0.8 magnitude units below the assigned
maximum.

Faulting: The date of last movement of most faults in the region
is interpreted to be Eocene. In addition, most of the fault
movement was normal slip which is inferred to be related to salt
movement or sedimentation. 1In any case, such movement does not
coincide with the compressive stress field dominant in the
eastern United States. One composite focal mechanism from
earthquake first-motion data is available from e ihgquakes
located in the vicinity of the Mt. Enterprise Fault Zone
(Pennington and Carlson, 1984; BAR Referuvnce “1), This mechanism
shows normal faulting with a small strike~s. » component with a
fault plane oriented either N1SE or N7SE and dipping 62 deg.
southeast. Another foczl mechanism i1s avaiiable foi the 1983
Lake Charles, Louisiana earthquake near the Louisiana cc.st
(Btevenson and Agnew, 1988; BAR Reference $5). The mechanism
shows predominantly norma-slip faulting ~n either ~ NSSE dipping
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40 deg. coutheast or N8OW dipping 64 deg. northeast. In the Gulf
Coast, major normal faults dip in a southerly direction.

The rature of faulting in the region favors a low maximum
magnitude. In-situ stress measurements, other than the few
composite focal mechanisms, are generally not available for the
region. Those that are available are from geothermal fields or
are from above the basement. In either case, these do not
represent the stress conditions at seismogenic depths.

The depth of the near-field DBE was selected to be the top of the
crystalline basement. This is considered to be the shallowest
possible depth for a damaging sarthquake. While many of the
earthquakes in the region are considered to be shallow, none are
believed to be shallower than the top of the basement. Even the
events possibly caused by fluid injection or withdrawal are
considered to have occurred within the basement (Cox, 1991;
Collins et al, 1989; BAR Reference 10). It is conceivable that
shallower earthquakes can occur but the strength of the
subsurface materials would likely limit the magnitude of the
event to non-damaging size.



2
I'hne near~field DBE 1s based on a probabilistic approach. 'he
magnitude f the event and the distance at which i1t occurs are
tied to the return period. As the near~field DBE is moved closer
to the site, the magnitude of the event must be reduc=d4 in order
Lo maintain the same probability of occurrence.

In actuality, the near~field DBF was calculated to have a 2374
yYyear return period, This longer return period was used to obtain
an event large enough 1t cause potentially damaging grourd motion
and %« sircumvent uncertainties in the seismicity, due to the low
nunber of earthguakes on which the return period calcalation is
based




Question 9:

A common approach in seismic hazard analysis is to use estimates
from several different workers. The references supplied in the
original guestion all provided estimates of return periods or
maximum eartliguake different than those proposed in the SAR. The
estimates of the other workers either had high magnitudes or
shorter return periods. The response does not provide adequate
data or analysis to support the selection of a magnitude 6.7
rather than a magnitude 7.4 as the CEC design basis. The last
paragraph refers to Johnson and Nava (1984). The response does
not provide an adequate support the selected value of 6.7 is more
appropriate than a 7.4 and that the shorter return period
provided by others is not appropriate.

Respor .2 to Question 9:

The calculation for determining the magnitude of a 500 year
return period event is dependent ¢ the area of the source zone
botn? considered. For this reason, the return periods ca'culated
by different workers can only be compared when the source zones
are exactly the same. Johnston and Nava (1984; SAR Reference 47,
1965) calculate the return periods for New Madrid source zone
configurations larger than the one used in this study;
conseqguently, the magnitude for a 500 year return period is
larger. Jobuston and Nava (1984, 1985) did not actually report
the return period for the maximum New Madrid event.



Question 10:

The comments provided that "more modern interpretations" is not
referenced in the response. Are these interpretations by the
respondent or others? If data and aralyses are available, the
references should be cited. The last sentence in the next to
last paragraph indicates that "It is our interpretation that if a
town had existed on the CEC site in 1811, the reported MMI would
be VI." What is the basis for this interpretation?

Eesponse:

The isoseismal maps frequently cited from the literature for the
1811 1812 New Madrid ourth?uako sequence (Algermissen, 1983 and
Bolt, 1978) are based on widely separated intensity reports from
towns in deep alluvial river valleys. Isoseismal maps based on
these data wili tend to overestimate the intensity encountered in
non-alluvial locations such as the site. 1In addition, the
isoseismal maps cited above are based on older intensity
estimates for the region. More recent interpretations (Street
and Nuttli, 1984; SAR Reference 18) use lower intensity
estimates. Based on these intensities and the location of the
site on high ground, it is estimated that the MMI encountered at
the site during the New Madrid earthquake sequence did not exceed
VI,

It should also be noted that the maximum site intensity for the
New Madrid earthquake seguence is repoirted for comparison and
reference. The site intensity was not directly used in the
probabilistic analyses.



Questions 11, 12, 13, and 14:

The re- . does not:
Aua: e  neertainties or estimated errors,
include vcelerograms,
Srov.de t.imates of probabilities of exceedance, and
v iscussion of earthquake characteristics

~ s tion, velocity, displacement, duration of
 .ong ground shaking, frequency or period).

Eopeon2: © Questions 11, 12, 13, and 14:

7ae DBEEs used in this study were defined as events with a 10%
probability of exceedence in 50 years (a 500 year return period);
therefore, the uncertainty in the occurrence of the NDBE is fixed
by definition. The location of the near-field DBE was calculated
using a 2374 year return period.

Accelerograms were included with the earlier response, and are
shown on BAR Figures 3.6-42 through 3.6~45. Their
characteristics are listed in BAR Table 3.6-16. The velocities
and displacements have been added to Table 3.6~16 (see Table 3.6~
16, page 8-20). The duration of strong shaking is discussed in
Bection 3.,6.2.2.1. The freguency content of the time histories
is demonstrated by the response spectra in Figures 3.6-26 and
30‘-270

Acceleration time histories recorded from naturally occurring
earthquakes were used to model the design spectra for the near-
field and mid-field DBE. Because the designer specified an
interert in frequencies higher than normally used, earthquake
time histories which rmcorded these higher frequencies were
selected. In addition, it was desirable to use time histories
from eastern United Btates (mid-plate) earthquakes because cf
potential differences in the source spectra for events in this
region when compared to events in the western United States
(plate~margin events).

Near-field DBE: The near-field DBE was modeled using
acceleration time histories from the sunallow, March 31, 1982
afternhock of the New Brunswick, Canada earthguake. This time
history was provided at 200 samples per second. This allows
usefu! spectral information up to 100 Hz. No appropriate
acceliration time histories are availabls: for the region of the
site Louisiana, Texas, Oklahoma). BSome time histories are
available for the New Madrid area (Arkansas, Missouri, Tennessee)
but these are not located on free-field hard bedrock sites
(Herrmann, 1977).

Mid~field DEE: The mid-field DBE was modeled using acceleration

S-18
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time histories from the 25 km depth 1988 Saguenay, Quebec, Canada
earthquake. The time histories used were from approximately the

sawe magnitude and distance as the mid-field DBE; so, only minor

scaling was required.

Far-field DBE: No appropriate time history was available to
model the m, 6.7 far-field event. All time histories available
for this magnitude and “"istance combination are too low in
amplitude. Using a time history recorded closer to the source
but scaled to the acceleration for the appropriate distance would
likely generate a response spectrum deficient at some
frequencies. A synthetic acceleration time history was used.

n
1
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After the magnitude and distance of the 500 year return period
DBEs vere determined, the RVT method vas used to estimate the
jround motion (acceleration, velocity, displacement, duration) at
the site. iround motion was nmcodeled using frequency dependent
attenuation appropriate to the central United States More
rapidly attenuvating Gulf Coast attenuation rates were not used
since the bulk of the hagzard originated in the central United
States New Madrid Fault Zone, Reelfoot Rift, and OQuachita source
zones) . The input timé histories used in the BHAKE program were
aled using the accelerations determined by the RVT method,




It 18 recognized that Beed's data are largely from the wvest coast

and other very active, high strain-rate jenerally interplate or
plate-marginal seismic ones. The site 18 a low activity,
\rterplate zone. Thus, some differences in seismic source
haracteristics (mechanisms, focal depths, stress drops) can be
expected. t is unknown as to the effects of these differcnces
upon the results obtained usin¢ Beed's method for the site
environment. However, Beed's methods vere shown Lo work well in
predicting liguefaction and ground failures asscciated with the
1988 Baguenay, Quebec earthquake (Tuttle et al, 1990). This
suggests that Seed's methods can be successfully applied to
liguefaction problems associated with east ccast earthguakes.

An alternative to Seed's methed is the cyclic strain method. n
¢yclic strain approach to the liquefaction problem (Dobry, et al,
1982) is based on the premise that pore water pressure buildup
during cyclic shear loading of sand is controlled mainly by the
magnitude of the cyclic shear strain. This premise leads to the
conclusion that shear modulus is the main parameter controlling
pore water pressure buildup in *he field. An important practical
consequence 18 that measurements of in~situ modulus at small
strains, which can be cobtained from geophysical measurements of
shear wvave velocity, should be used for predicting pore
pressures,

The method requires estimating both the seismic strain induced in
the sand layer and the effective shear modulus of the laye:
auring the earthgquake. The method is based on measuring the
shear modulus (computed from the shear wave velocity) in-situ at
small strains, Cuaxs US1INGg geophysical techniques, and on
performing cyclic strain-controlled tests in the laboratory to
determine: (1) the modulus reduction values, ﬁ/umﬂ., (11) the
value of threshold strain at which pore pressure increases begin,
and (iii) the pore water pressure buildup versus cyc.ic shear
strain and number of cycles,.

Dobry, et al (1982) state that the modulus reduction curve for
sand given by B8eed and Idriss (1970) and used in the BHAKE
computations for this project has been confirmed by other




investigators 'hus, the Beed and Idriss modulus reductic
can be used for calculatio; 1 1 ¢yel tra

'he comp'"ter program BHAKE was use © compute the 31's

sponse to the various earthguak for generating the response
spectra, his calculation 1 duces the cycli« hear strains
nroughout the soil p1

'he thresheld strain, act air o Dobry, et.al., (19%82)

percent for a wvwide variety « poila, 'his strain, if not
' Y
-

exceeded, means that the cyclic loading does not generate p«
pressures in thie 801l

] The effective cyclic shear strains
determined from BHAFE analyses were compared with this value.
l¢ shear strains in the stratum IV and stratun
V sands in the analyses by BHAKI : not exceed .01 percent

'he effective cyecl

li¢ strain approach predicts no pore pressures will
ced by the carthquakes 'his indicates that the
ligquefaction from the earthguake loading is not a risk, which is
the same conclusion reached from application of seed's enmpirical
“"stress~based' procedure.

Thus, twe ndependent methods predict no iquefaction of
stratum IV and stratum V sands
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4.6 SUMMARY OF STRUCTURES, COMPONENTS, AND SYSTEMSE CRITERIA

Question 1:

Provide a copy of the FDI report on identification of structures,
components and systems important to safety.

BAR section 4.6 contains the information regarding the
identification of structures, systems, and components (88C)
important %o safety (i.e., safety-related). 8ince the only
credible UF6é release scenario which could occur at the CEC that
exposes the public to values of uranium and/or hydroger fluoride
(HF' beyond those stated in NUREG-1391 is one i{n which multiple
cylinders of liquified UF6 and their companion autoclaves fail
gimultaneously, the autoclave instiuments for air temperature and
air pressure have been 7 signated as safety reluted. B8ince there
are three instruments fu. temperature and pressure for each
autoclave, this ensures a redundant and diverse method for
preventing an accidental release from cylinders containing liquid
UF6.

Question 2:

The response to this guestion indicates that the threshold
quantity of UF, which, if released through the stack, would
exceed NUREG-1391 limits is 3700 kg. NRC staff analysis,
conducted using the methods of Regulatory Guide 1.145 and the
revised meteorological data, indicates that this threshold
guantity may be as low as 1800 kg. The 95 percent over-all
concentration per unit release factor (X/Q) was estimated as
approximately 1.6 x 10°° s/m’., Provide detailed documentation
supporting the proposed threshold quantity, including description
of the dispersion analysis and cumulative distribution for X/Q.
If method used in calculation of the X/Q differs from that of
Regulatory Guide 1.145, provide a justification for use of the
alternative methed.

BAR section 9.2 provides the detailed descriptioun of the UFé
release scenarios including the amount of UFé released, tbha
features of and justification for the dispersion model used, and
the Chi/Q factors used. Specifically, BAR section 9.2.4 provides
a detailed description of the atmospheric disperssion analysis
used, the exposures predicted by the analyses, and the
uncertanties associated with the analyses.



plant operat

room 1is RAJOr communications hannel and
h telephones and radio eguipment

Data Management

Almost all parameters, measured by the

instrumentation installed
in the plant, are transmitted to the contrel room. The control
room is provided with data processing equipwment to enable the
management of this transmitted data. Facilities are typical ¢

modern data processing equipment and incl-de:

electronic screen mimic displays of plant flow sheets
showing valve positions, parameter values, and

(81

equipment states in real time,

event logging which enables a chronological record
plant state changes to be obtained. A plant state
change is defined as any discreet alteration (e.g
valve switching from “"open' to "“close', an analeg value
of a parameter moving through an alarm, trip or
level). This facility is particularly

B

reset

17 ¥ 1. 1
US8I Ul in

reconst Cting a series of events which has occcocurred

(& ] ¢




ckly.

ta trending, statistical treatment, graphing, and
a copy facility are avalilable,

rievable historical data is available for defined
10ds of time, This facility 1i¢ particularly useful
investigating if a trend had developed, leading uj
a plant alarm level being reached

alarn management provides for every parameter on the
plant which reaches an alarm level, information 1s
transuitted to the control room in a manageable
fashion,

In line with all other plant personnel, the contrel room operato:
has a series of routine tasks per shift to perform. These may,
for example, range from trivial (e.g., changing paper in hard
copy devices) to more substantial. A more substantial task, for
which additional personnel may be drafted intec the control room,
may be the execution/supervision of plant trip testing

A further important feature of the co trol room operator's work
18 communication with the shift supervisor. The shift supervisor
visits the control room throughout the shift, to gain information
from the data processing equipment, to obtain updates from the
contro room operator and to use the communications eguipment to

A
cont >t other members of the shift teanm.

Limited Control

As explained in response to a previous gquestion on BAR Section
6.4.10, most operator initiated control (e.g., state switch
manipuiation) and operator intervention in the process is
conducted locally, For some equipment which is rarely switched
(€.9., cascades and UF, pumps) the state switches are in the
control room and are altered by the control room operator

as and
when required.

isturbance Overview

In the event of a system or plant-wide disturbance, the control
room is the place vhere an overview of the state of all systems
can be obtained, A typical disturbance might be an ir.ejularity
in the local electricity supply. In such events the shift
Supervisor together with a small team gather in the control room
where they use the data processing egquipment to monitor the plant
state. The plant is designed to be auto-~tripping, auto-




protecting and auto-resetting. Consequently the control room
team need only monitor that, following the passage of Lhe
disturbance, the plant has reset satisfactorily. 1In the event of
a piece of eguipment not resetting satisfactorily, the control
room operator directs a local operator to intervene directly.

Equipment Switching

For equipment which runs continuously and rarely experiences
state changes, the state switch controls are located in the
control room (e.g., cascades and UF, pumps).

CONTROL ROOM OPERATOR FUNCTIONS

Communications Channel/Operations Coordination

The control room operator performs a key role in the day-to-day
operation of the plant,.

The contreol room is manned 24 hours per day by a series of
operators, usually two per shift are assigned the task of
sequential manning. The control room operators maintain an
ongoing log of significant activities and ensure turnover
briefings are conducted at each control room operator change.

The control room operator periodically reviews the pi .t state as
given by the data processing equipment. One of his main tasks is
to maintain an up-to~date overview of the plant. Such an
overview would, for example, comprise information on which
auxiliary equipment is online, which is on standby and which is
on maintenance. A particularly important overview task is
avareness of vessel state (i.e., which vessels are filling, which
are exptying, which are on standby available for use).

A further important task is alarm management., All alarms which
are generated on the plant are annunciated locally and in the
control room. The control room is always manned but the local
alarms out in the plant may not be. Conseqguently, one of the
control room operator's task is, for each alarm, to confirm that
a local operator is aware of the situation and is dealing with
it. This local operator/control room operator communication is
also required to confirm details of the alarm (i.e., what has
caused the alarm and what remedial action is being taken).

In support of the overview activity, described above, the control
room operators also keep in communication with the local
operators such that they are up-to~-date with equipment changes

5=29
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NTRO. M BTRATEGY SUMMARY

The above information daenonstrates that in the LES pilant, the

ntreoel room Junctions primarily as an information management and
mmunications centel very little direct conti:
amanding plant state changes |

4 ’ Anh the sense

/ control 1 mn switching,
ually Ul

thhe FMEA | ontaminated Autc




PRESSURF CONTROL PHILOSOPHY FOR AUTOCLAVE CHANGEOVER

For the LE8 plant the configuration of autoclsvers per plant unit
arc Lo be any one of the four to be online, with one other being
ou hat standby ready to replace the online autoclave shculd its

container become empty. The remaining two of the four being in

any one of the remaining state conditions.

The following is a Jescription of operaticnal philoso/hy of how
pressura control of the feed autoclaves is achieved during
snline, emptying and standby conditions. 1The diagram on the next
page (SBcheme of Pressure Control Philosophy for lutoclave
Changeover) provides a schematic to assist in the understanding
of the control system logic.

Initial conditions:

e Autoclave 4 oaline and feeding an coperating unit (cascade)
e Autoclave B on hot standby
¢ Autoclaves C and D in some other mode

The feed container contents of autoclave A are being controlled
at a pressure of 1800 mBars bv a cascaded pressure/temperature
control lcop AFl. A pressure control loop AP2 measures the
pressure upstream of thoe autoclave pressure control valve AV2 and
has a setpoinrt value cet at 1700 mBars. The feed header pressure
downstream of the autnclaves is being measured by a pressure
control loop P3. The output signal from loops AP2 and P3 are fed
to a low select circuit that will only pass cne of the signals.
the cne that is relatively lower through to the pressure control
valve AV2. S8iucu the containsr at this moment is being
maintained at a presuure of 1800 mBars, the output of pressure
loop AP2 which is set to coantrol at 1700 mBars is configured to
be high with recpect to the output of pressure loop P3 and
therefore the low salect circuit passes the P3 signal to modulate
valve AV2.

S=31
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BAR section 11.1.4.1 has been revised t reguire a BS in
engineer.ng, science or related fielG for the CEC Manager,
Superintendents, Projects Manager, and Criticality dpecialist
within the Projects group. This requirement has nct been
Sspecified for other individuals (e.g., Quality Assurance) because
s t restrictive, The personnel assigned the
onsibilities specified in BAR section 11.1.3.1 will be wel)
lified and will have the necessary training, background, and
irience to operate the CEC safely and efficiently. The
ifiec roquirement for formal education may needlessly exclude
tain individuale from these positions, These revisions also
satisfy similar concernt concerning formal education for managing
the criticality safety program for the CEC.
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Question 12:

The "welded metal stops" referenced in the response to be on
either side of a roof member and capable of transmitting the
shear from the rocf to the wall do not satisfy the concern. The
stops would transfer shear force from the roof to the wall
perpendicular to the merber but would not serve to transfer force
f om a wall to members perpendicular to the wall. The roof is
apparently a one-way structural system, thus members would not be
supported on all four sides of a rectangular area. The
descriptions of distribution of windload (sheets 47 and 48)
include cases where lateral loads on walls which are on onu iite
sides of & rectangular roof section are to be transferred vy .e
same ruof section, which is ircompatible with expansion
provisions for the roof supp rt members (e.g., distribution of
pressure loads o~ walls 9 & 10, 1 & 11, 2 & 12, 3 & 13, 14 &
Jz/38, ete.).

In order to clarify this issue on the transfer of force with an
expansion joint at the roof, it is helpful to explain the
transfer of forces on one example area of the building. For this
example, consider the center high bay roof area, which is bounded
by columns 6 and 11 on the west and east side, and columns A and
J on the north and south sides, respectively (refer to the roof
plan on sheet 12 of calculation DC-8E-0003-8D). The expansion
joint detail is shown on sheet 18 of this calculation. As can be
seen from the detail, the west side of the wall is the expansion
side, which allows the roof and the wall to wmove independently in
the east and west direction, but still transfers shear forces in
the north-south direction.

First we will look at north-south forces, whether wind or
earthquske. Forces from the top of the walls at J anéd A will be
transferred to the roof diaphragm by means of solid connections
between the roof and the walls. This solid connection is
indicated in the building secticn on sheet 19. The north-south
forces on the walls at 6 and 11 will be taken directly to the
foundation by those walls in shear. The north-south forces from
the diaphragm will also be taken by the walls at 6 and 11 in
shear. The connection at wall 6 is a solid connection and the
connection at 11 is the special expansion joint. At this
connection the force will be transferred by bearing on the welded
metal stops on the north and south side of the roof beam web.

For the east-west forces, the distribut.on is slightly different.
The force from the wall at column 6 is directly taken by the roof
diaphragm between column lines 6 and 11. The east-west force on
the wall at 11 is taken by the adjacent diaphragm, between 11 and
16. The force travels to this diaphragm due to the expansion
joint whi~h prevents easti-west forces from being transferred on
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the west side of the wall at 11. The forces in the diaphragm
will then be transferred to the north and south walls by solid
connections,

The behavior of the other diaphragm units in the building will be
similar to this one. The end result beir, a positive transfer of
forces while still allowing expansion movement to take place.

Quastion 13:

It is not clear from the response that the maximum dynamic
pressure (due to wind velocity) shall not be reduced due to
atmospheric pressure change. The statement that "APC pressure
always acts outward" is accepted for a perfecl.y sealed space,
however, when there is some venting, the interior of a structure
may have static interior pressure less than that outside at the
time of maximum wind pressure normal to a wall. Tke interior
pressure may have been reduced and then be increasing as the
tornado position changes.

Accepted practice for design of tornado effects is to consider
that the atmospheric pressure change will only act in an outward
direction. 'This applies to a sealed building, as is stated on
pages 37 and 38 of the Mehta report "Tornade and straight wind
speed study for LES uranium Enrichment Plant Bite." For an
unsealed building, the APC is assumed to equalize on the inside
and the outside such that the differential is negligible.

Question 16:

Stiffness of thce laterul support at 45 ft height relative to the
stack in the different directions is not established to validate
assumption of a rigid support (in XX and YY directions only,
freedom to rotate about XX and YY at the point of support should
be assumed unless demonstrated otherwise).

This question is referring to the calculation of eguivalent
static missile load which is shown on sheet 25 of calculation
number NC~BE-007-8D. It is recognized that the stack will rotate
about either horizontal axis at the roof support peint. However,
the stack at this point haes a significant rotational restraint
from the lower portion of the stack. For purposes of calculating
the egquivalent missile load, the maximum load is cbtained if the
stack is assumed fixed at this upper support, wnich is what was
done in the calculation. The fixed support condition gives the
highest effective freguency of the stack, fe, and thus the
highest, and most conservative, effective load.
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'he CEC Separation Building is designed to the Bystem Class I
riteria includirg Design Basis Tornado and Design Basis
Earthcuake, but is not designated a S8C 1 structure. 'he only
function of the building is to remain standing during design
bagis events. No credit has been taken for the building t«
mitigate the cornrequences of a possible release of UFé.
'herefore, the Beparations Building is not an active structure
that must function to mitigate the effects of a design basis
event and is designated as a non-safety related structure.
should be noted that as stated in BAR section 5.2.1.1.2, the
Separations Building is designated Quality Assurance Il
designed and constructed in accordance with the criteria
jescribed in SBAR section 10.19.

and is

This value 1is nservative when compared wit the LES criteris.

The 5% value 1 also consistent with Reg Guide 1.61. The stack

18 beolted at t base and also the suppnrt structure at the
level 1s

roed
} & bol1 structure, therefore a value close to the
bolted~steel - ure damping (4%) is appropriate.




Question 6

Service loads for pre-stressed concrete should be in accordance
with ACI 349, p. 18.1.4.

Design of prestress elemencs is in accordance with ACI 349
Cheoter 18, irvluding the service load conditions as defined in
section 18.1.4.

Question 10:

The response does not refer to the specific design in question.
The response states that analyses shall be done. Results of the
stated analyses should be submitted. Quantitative evidence
should be submitted to verify any assertiuns »f non-t ignificance.

Analysis performed demonstiate that the structural concept is
adequate for the design basis loads. The final design, which
will include all details of design of the Separations Building
(e.g., exact loc tion of equipment), will consider the traveling
wave effact.

Question 14:

An engineering basis for the amplification factor ot 3 is not
provided. The seismic spectrum of the support at 45 ft should be
determined and it and the spectrum for the base of the stack used
for worst case combinations of forces on the stack. There is no
basis given to assume that a factor of )} envelopes the possible
situations.

In the course of analysis, estimates are used to approximate
conditions which will be determined in final design. As a point
of reference, ASCE 4~86, provides a maximum amplification factor
of 2.71 for 5% darmping in Bection 2.2.2.1, Table 2200-1. As was
mentioned in the previous response, tornado loading governed the
stack, therefore significant changes in the stack size are not
expected due to a more refined seismic analysis.

n
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QUESTIONS AND REQUESTS FOR ADDITIONAL INFORMATION:
QUALITY ASSURANCE

B SAR Section 10.19.3 states that some QA Level 2 activities,
becauss of their ease and repetitive nature, do not require
written procedures. Provide examples of such activities as
this approach appears to be in contradiction to SAR Section
11.4:1.

For example, to implement the Physical Becurity Plan one of the
activities of the security force personnel will be to han! out
badges to personnel as they enter the Controlled Access Area.
This activity is sufficiently uncomplicated and repetitive as to
not warrant a specific procedure. Likewise, operator activities
in the Control Room for monitoring cylinder filling and emptying,
and the monitoring of centrifuge operating characteristics are
activities sufficiently uncomplicated and repetitive as to not
warrant a specific pieccedure for implementation.

2. The fifth paragraph of SAR Section 10.1.4 states that LES QA
personnel will audit the contractor's QA plans and
procedures to ensure they meet the requirements of the LES
QA plan. Clarify whether the audits by LES also verify that
the plans and procedures are impiemented such that they
ensure an effective QA program.

The following clarifying statement has been added to 10.1.4 (e):

“This includes verifying plans and procedures are
implemented such that they ensure an effective QA program.”

< O The commitment in the sixth paragraph of SAR Section 10.5 is
still not clear where it states that procedures will b.

reviewed "on a frequency determined by the age and use of
the procedure.”" Clarify.

The commitment "on . frequency determined by the age and use of
the procedure"” was intended to focus review of procedures on
those that are used most frequently. To ensure that all
procedures will be reviewed at least every two years, a
commitment to review prucedures at least every two years has been
added to SAR section 10.5.

QA-1
Attachment A



4. The third paragraph of SAR Section 4.6.3 states that certain
Class II items "e.g., the Separations Building," are
controlled by QA requirements detailed in SAR Section 10.19.
Similar to the way SAR Table 4.6-1 identifies Class I items,
identify Class II items that are 5o controlled.

Clasz I1I items that are controlled in accordance vith Quality
Assurance Level 2 requirements (refer to SAR 10.19) are listed in
Table 10.1~4., Class II activities that are controlled in
accordance with Quality Assurance Level 2 requirements are listed
in SBAR section 10.1.4 on page 1C.1~-3,

% Some of the commitments that were in the second paragraph of
SAR Section 11.3.1 have been moved to SAR Section 11.1.5 in
Revision 3. Two commitments regarding personnel
qualification appear to have been deleted. They are that
personnel qualification is verified by (a) demonstrating the
ability to perform assigned tasks and (b), where required by
regulation, maintaining a current and valid license,
Similarly, the commitment that the use of procedures will be
included in the General Employee Training has been deleted
from SAR Section 11.3.1.1. Finally, cthe commitment that
continuing training will include "Quality awareness" has
been deleted from the Continuing Training program descrilbed
in SAR Section 11.3.1.2.2. Replace these coumitments or
justify their deletion.

The two commitments regarding perscnnel gualifications have been
added to SAR section 11.3. BAR section 11.3.1 has been clarified
to indicate that "General administrative controls and procedure
use" are General Employee Training topics. Quality Awareness has
been added as a continuing training topic to SAR section
11.3.1.2.3.J).

6, SAR Revision 3 added procedures for surveillances,
inspections, and audits to the list of procedures Section
11.4.1. Consider replacing the commitment in item 1),
"Procedures for surveillances and inspections," and item n),
"Procedures for audits," with a commitment which says:
"Procedures for implementing the Quality Assurance Program"
(similar to items e through h).

The recommended changes have been made to SAR section 11.4.1.



7. Section 11.4.1.1 of the SAR includes a commitment that the
QA Manager must approve all safet:-related procedures.
Unless the procedure involves dire't QA involvement and the
involvement, we believe that requiring a QA signature may
give the impression that the QA organization is responsible
for the gquality of the procedure. Thus, we no longer have
this requirement for nuclear power plants. The
responsibility for the guality of a procedure should be the
originator's and the originator's management. Where lire
personnel are properly trained, qualified, and motivated and
the line organization performs an "independent" review, the
QA approvai is superfluous. Performance-based oversijht by
QA of procedure development, review, and use is a better
approach to ensure high quality procedures, Consider the
use of this approach to ensure procedure guality.

The commitment that QA must approve all safety-related procedures
has been revised to indicate that QA must approve a procedure
only if it directly involves QA.

8. The list of records retained for three years and the list of
records retained for the life of the license that were in
Revision 0 of SAR Section 11.4.2 are no longer in Revision
3. Replace these lists or justify their deletion.

The lists have been replaced in SAR section 11.4.2.

9. Some commitments in SAR Chapter 10 (QA) are viitually
duplicated in Chapter 11. To prevent possible
contradictions between the two chapters, consider
referencing rather than duplicating. Two areas where this
approvach might be beneficial are orga..izatien (10.1 and
11.1) and audits (10.18 and 11.3).

Although there is some benefit to referencing as suggested, at
this time, in order to ensure Quality Assurance and Operational
aspects of the CEC organ.zation are addressed, no changes to
reduce duplicity will be made.
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- Environmental Report 4.4

- Environmental Report 8.1
- Safety Analysis IReport 11.8
J License Application Exhibit I

| REFERENCE RIA:

J Environmental 2.1.3

Decontamination and Decommissioning
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4.4.4.1

Table 4.4-2, Estimated Decommissioning Costs and Duration,
provides a summary listing of the costs of the major
decommissioning activities described above in Section 4.4.,2, All
costs are in 1996 dollars. As shown in the table, the estimated
total cost is $663.9 million. Costs and salvage values are
anticipated to change between the time of license application and
decommissioning. The cost estimate will be adjusted periodically
consistent with the requirements of 10 CFR Part 70.25 (e) and the
guidance in Regu.atory Guide 1.159.

Louisiana Energy Services’ evaluation of decommissioning costs
included an evaluation of current experience by one of the
general partners in the project, Urenco, Ltd., at similar
facilities in Europe. Appropriate adjustments have been made to
account for cost differences associated with the performance of
specific activities in the United States. The experience and
adjustments are documented in the Urenco paper "Decommissioning
and Decontamination of a USJVC Plant™, USPDC(89)07, 27 April,
1989. Cost figures selected from this paper were escalated to
1996 dollareg; otherwise, the selected figures were unchanged.
The selected figures include:

Decon Facility Capital Cost $6.8 million
System Cleaning $1.1 million
Dismantling $6.8 million
Decontamination $13.7 million
Salvage (aluminum Qnly) A87.9) million
Sub~total (from Urencoc figures) $ 20.5 millien

In addition to the figures supplied by Urenco, the following
costs were estimated directly for LES:

Decon Facility Labor Cost $ 1.4 million
This was taken to be 20% of capital cost above,

Decontamination of Decen Facility $ 0.5 million
An independent estimate was provided by Naylor
Industrial Services, Inc., transmitted by letter dated
September 11, 1990.

Radicactive Waste Disposal $ 1.4 million
This assumes 100 m’ @ $350 per ft’, in 1992 dollars,
escalated to 1996 dollars. This cost of disposal is

estimated specifically for radiocactive waste disposal
in the Central States Compact. (References 5 and 6)

4.4-15 July, 1992
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(The Urenco estimate of 200 m’ of low-level waste in
the cited reference was reduced by half due to a closer
look at solid arisings from the decontamination
process. A facsimile from Urenco’s Almelo facility, 23
August, 1990, provides an estimate of 2 m’ of "“citric
cake" arisings, This "citric cake" was considered in
the Urenco cost estimate as a major portion of the low-
level solid wastes from decommissioning; thus, it was
concluded the estimate of 200 m’ was high.)

Hazardous/Mixed Waste Disposal $ 0.1 million

Decontamination and decommissioning processes, as
described in this section, do not result in the
production of hazardous or mixed wastes for disposal.
Normal accumulation of hazardous and mixed wastes will
occur during the final months of CEC operation. The
volume of these final wastes, not due to D&D
activities, are estimated to be approximately
equivalent to the annual amounts listed in the CEC
Environmental Report, Table 3.3-8.

Tails Disposal $ 639 million

The annual tails disposal cost is estimated to be §21.3
million. This is multiplied by 30 years to arrive at
the $639 million figure. Costs are based on converting
UFé to UF4 with subsequent UF4 burial at a low level
waste disposal site, Estimates vary over a defined
range depending on vendor charges for UF6é conversion
services. The cost of conversion can be reduced by 20%
- 50% if LES enters into a long-term contract, which
LES intends to do. The $21.3 million per year value is
therefore based on such a long-term arrangement.
Details of the estimate are provided in two studies
entitled "UF6é Tails Disposition", submitted to the NRC
by LES letter dated April 18, 1991, and "Depleted
Uranium Hexafluoride Management Study", submitted to
the NRC by LES letter dated October 1, 1991. Disposal
costs of UF4 are based on estimates for low-level
radicactive waste disposal in the Central States
Compact, escalated to 1996,

The disposition of tails from the CEC, including
potential disposition at the end of facility operation,
is an element of authorized normal operating
activities. It involves neither decommissioning waste
nor is it a part of decommissioning activities. The
disposal of these tails is analogous to the disposal of
radicactive materials generated in the course of normal
operations (even including spent fuel in the case of a

4.4~16 July, 1992
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power reactor), which is authorized by the operating |
license and subject to separate disposition
requirements (i.e., requirements such as reflected in
10 CFR Part 20). Such costs are not appropriately
included in decommissioning costs (this principle (in
the Part 50 context) is discussed in Regulatory Guide
1.159, Section 1.4.2, page 1.159-8). Further, the
"tails" products from the CEC are n%; mill tailings, as
regulated pursuant to the Uranium Mill Tailings
Radiation Control Act, as amended (42 USC 7901, et seq)
and 10 CFR Part 40, Appendix A, and are not subject to
the financial requizements applicable to mill tailings.

Nevertheless, LES intends to provide during facility
life for expected tails disposition costs (even
assuming ultimate disposal as waste). Funds to cover
these costs, estimated at $21.3 million per egquivalent
years of tails production, will be set aside during the
operating life of the CEC. Accordingly, tails
disposition costs are now explicitly reflected in the
funding table (SAR Table 11.8-2, ER Table 4.4-2), which
reflect both decommissioning funding and the separate
matter of cortingent end-of~-life tails disposition
funding.

Final Radiation Survey $ 1.0 million
This figure was estimated by two methods, as follows:

1) The first method is by extrapolation from
"Technology and Cost of Termination Surveys Associated
With Decommissioning of Nuclear Facilities", NUREG
2241, February, 198", The 1980 costs of
decomrissioning a .uel fabrication facility and a UFé6
production facility were escalated at 5% per year to
1590, The higher of the two costs, (calculated for a 1
mrem and a 5 mrem dose to the public), were selected
and then averaged, for a cotal of $750,000. Further
escalation brings the cost to $950,000.

2) The second estimate was roughly approximated at
$725,000 in 1990 dollars, and is escalated to 1996
dollars. The estimate was based on experience, using
the following assumptions:

12,000 hours for grid of property and gamma count
$23,000 for soil sampling

150 core holes for depth profile

Building size of 750’ x 380’

Workhour rate, including per diem, $60/hour
Extensive use of swipes

Final analyses and report included

4.4-17 July, 1992
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Subtotal (from non-Urenco sources) $ 643.4 mllljéh {
Total Estimate $ 663.9 million
4.4.4.2 Eunding Arrangemants

The funds for decommissioninc the facility will be provided in
the form of a surety metlod, insurance, cor other guarantee method
as required by 10 CFR Part 40.36 (e) and 10 CFR Part 70.25 (f).
The selected guarantee method is described in the decommissioning
funding plan which is presented in the CEC License Application.
As a part of this plan, methods are described for peiiodic
adjustments in the cost estimate, and resulting ne¢cessary
adjustments to the funding mathod.

4.4-18 July, 1992
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1. LES CEC Depleted UF6 Disposition Study, September, 1990,
prepared by Duke Engineering and Services, Inc.

2. DRepleted Uranium Hexafluoride Management Study, October 1,
1991, prepared by Duke Engineering and Services, Inc.

3. Decommissioning and Decontamination of a USJVC Plant, USPDC
(89)97, 27 April, 1989, prepared by Urenco.

REFERENCES FOR SECTION 4.4

4. Minerals Yearbook, Volume I, "Metals and Minerals," U. 8.
Department of the Interior, Bureau of Mines. Published
annually.

S, Duke Engineering & Services, Inc., Telephone Conversation !
Report, John Etheridge of Entergy, June 17, 1992, DE&S File

No. 6046~00~1901.00. |

|
|

6. Duke Engineering & Services, Inc., Telephone Conversation
Report, Rich Patton of US Ecology, June 18, 1992, DE&S File
No. 6046-00-1901.00. |
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Table 4.4-2
Estimated Decommissioning Costs and Duration

Cost
(Millions,
1996 $s)

| Activity

Decontamination Capital $6.8
Facility < 1
Installation Labor 1.4

islstem Cleaning 1,1 1/4

Dismantling __ 6.8
| Decontamination 14.2 .
Sale/Salvage (7.9) (a)
Radioactive Waste Disposal 1.4

Hazardous/Mixed Waste Disposal
Tails Dispozal
| Final Radiation Surve

|
| TOTALS |

For related information, reference also the
decommissioning funding plan contained in
the CEC License Application.

(a) To be performed along with dismantling and decontamination.

(b) Tails disposal costs are estimated to be $21.2 million per
year of tails production.

July, 1992
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A majer portion of the skilled labor force needed for and
operating the facility s expected %o be drawn i{rom unskilled
workers hired locally and trained by LES in on-the-job training
programs.

About 180 full-time emplovees will be needed to operate the LES
uranium enrichment facility. The estimated total annual
operatinnal payroll for the CEC in 1990 dollars will be
approximately $8,000,000. This figure includes all costs
including benefits. It is projected that the majority of this
money will be spent in Claiborne and surrounding Parishes.

Expenditures for materials, equipment, and services associated
with the construction and operation of the LES facility will
represent a substantial addition to local as well as regional
incomes. While rajor components of the facility including the
centrifuge units are not manufactured locally, much of the other
equipment and materials required for facility construction and
operation wili be purchased from qualified local and regional
vendors .

In addition to direct construction and operating payroll costs,
project monies are expended on services and supplies, much of
which is available locally. Examples of such services and
supplies include water treating chemicals, vehicle maintenance
and fue., miscellaneous hardware, food and clothing, janitorial
supplies, pumps, motors, instruments and electrical equipment.

8.1.1.4 Capital costs of Land Acquisition

Purchase ccits of the LES property tract was approximately
$538,000.

8.1.1.5 Capital Costs of Plant Facility Construction

Direct capital cost of the LES plant facility constructior
including interest and property tax and input transmission
facilities is projected to be approximately $800 million. This
cost does not include escalation, capitalized interest,
contingency or replacement centrifuges.

8.1.1.6 Facility Decommissioning Costs

A decommissioning cost study for the LES facility assuming a 1.5
million separative work unit (SWU)/year production rate for 30
years of operation has been made. Projected cost for the facility
decommissioning is approximately $6£3.9 million (1996 dollars). |
This amount includes an estimated $21.3 million per each year of |
operation for disposal of UF6é tails. Detailed information ‘
pertaining to tihis study and projected costs are presented in
Section 4.4.

8.1-2 July, 1992
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TABLE 8.1-1

Quantitative Benefits/Costs of Socioeconomic Factors
Associated With Plant Construction and Operation

One Time Benefit
Claiborne Parish School Board Tax $5,000,000.
Apnual Benefits
Value o enriched uranium enrichment
services $165,000,000.
Operating Payroll 8,000,000.
Tax Revenues (local/State/Federal)
- Years 1990-2001 5,400.
- Year 2002 to e«nd of facility life 7,900,000.
Personnel /business income(a) 21,000,000.
Ore Time Costs
Land acquisition $ 538,000.
Site selection, community relations 3,000,000.
and licensing
Plant decommissioning 24,900,000.
Plant engineering & construction 800,000,000.
Annual Costs
Operating and maintenance $ 16,000,000.
Depleted Uranium Disposal 21,300,000. ’

(a) Based on 2.65 multiplier of primary dollars (i.e., payroll)
for the Shreveport Economic Area waich includes Claiborne
Parish.

July, 1992
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Louisiana Energy Services' evaluation of decommissioning costs
included an evaluation of current experience by one of the
general partners in the project, Urenco, Ltd., at similar
facilities in Europe. Appropriate adjustments have lLeen made to
account for cost differences associated with the performance of
specific activities in the United States. The experience and
adjustments are documented in the Urenco paper "Decommissioning
and Decontamination of a USJVC Plant", USPDC(89)07, 27 April,

1989, Cost figures selected from this paper were escalated to

1996 dollars; otherwise, the selected figures were unchanged.

The escalated figures include:
Decon Facility capital Cost $6.8 million
System Cleaning $1.1 million
Dismantling $6.8 m@ll@on
Decontamination $13.7 million
Salvage ‘aluminum Qnly) ($7.2) million
Sub~-total (from Urenco figures) $ 20.5 million

In addition to the figures supplied by Urenco, the following
costs were estimated directly for LES:

Decon Facility Labor Cost $ 1.4 million |
This was taken to be 20% of capital cost above.

Decontamination of Decon Facility $ 0.5 million
An independent estimate was provided by Naylor
Industrial Services, Inc., transmitted by letter dated
September 11, 1990.

Radioactive Waste Disposal $ 1.4 million

This assumes 100 m® @ $350 per ft3, in 1992 dollars,
escalated to 1996 dollars. This cost of disposal is
estimated specifically for radiocactive waste disposal

in the Central States Compact. (References 5 and 6) '

(The Urenco estimate of 200 m® of low-level waste in
the cited reference was reduced by half due to a closer
look at solid arisings from the decontamination
process. A facsimile from Urenco's Almelo facility, 23
August, 1990, provides an estimate of 2 m° of "“citric
cake" arisings. This "citric cake" was considered in
the Urenco cost estimate as a major portion of the low-
level solid wastes from decommi§sioning; thus, it was
concluded the estimate of 200 m° was high.)

11.8-13 July, 1992
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Hazardous/Mixed Waste Disposal $ 0.1 million

Decontamination and decommissioning processes, as
described in this section, do not result in the
production of hazardous or mixed wastes for disposal.
Normal accumulation of hazardous and mixed wastes will
occur during the final months of CEC operation. The
volume of these final wastes, not due to D&D
activities, are estimated to be approximately
equivalent to the annual amounts listed in the CEC
Safety Analysis Report, Table 7.1-1.

Tails Disposal $ 639 million

The annual tails disposal cost is estimated to be $21.3
million. This is multiplied by 30 years to arrive at
the $639 million figure. Costs are based on converting
UF6 to UF4 with subsequent UF4 burial at a low level
waste disposal site. Estimates vary depending on
vendor charges for UF6 conversion services. The cost
of conversion can be reduced by 20% ~ 50% if LES enters
into a long-term contract, which LES intends to do.

The $21.3 million per year value is therefore based on
such a long-term arrangement. Details of the estimate
are provided in two studies entitled "UF6 Tails
Disposition", submitted to the NRC by LES letter dated
April 18, 1991, and "Depleted Uranium Hexafluoride
Management Study", submitted to the NRC by LES letter
dated October 1, 1991. Disposal costs of UF4 are based
on estimates for low-level radiocactive waste disposal
in the Central States Compact, escalated to 1996.

The disposition of tails from the CEC, including
potential disposition at the end of facility operation,
is an element of authorized normal operating
activities, It involves neither decommissioning waste
nor is it a part of decommissioning activities. The
disposal of these tails is analogous to the disposal of
radiocactive materials generated in the course of normal
operations (even including spent fuel in the case of a
power reactor), which is authorized by the operating
license and subject to separate disposition
requirements (i.e., requirements such as reflected in
10 CFR Part 20). Such costs are not appropriately
included in decommissioning costs (this principle (in
the Part 50 context) is discussed in Regulatory Guide
1.159, Section 1.4.2, page 1.159-8). Further, the
"tails" products from the CEC are not mill tailings, as
regulated pursuant to the Uranium Mill Tailings
Radiation Control Act, as amended (42 USC 7901, et seq)
and 10 CFR Part 40, Appendix A, and are not subject to
the financial requirements applicable to mill tailings.

11.8-14 July, 19%2
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Nevertheless, LES intends to provide during facility
life for expected tails disposition costs (even
assuming ultimate disposal as waste). Funds to cover
these costs, estimated at $21.3 million per equivalent |
years of tails production, will be set aside during the
operating life of the CEC. Accordingly, tails
disposition costs are now explicitly reflected in the
funding table (SAR Table 11.8-2, ER Table 4.4-2), which
reflect both decommissicning funding and the separate
matter of contingent end-of-life tails disposition
funding.

Final Radiation Survey $ 1.0 million
This figure was estimated by two methods, as follows:

1) The first method is by extrapolation from
"Technology and Cost of Termination Surveys Associated
With Decommissioning of Nuclear Facilities", NUREG
2241, February, 1982. The 1980 costs of
decommissioning a fuel fabrication facility and a UFé
production facility were escalated at 5% per year to
1990. The higher of the two costs, (calculated for a 1
mrem and a 5 mrem dose to the public), were selec*ed
and then averaged, for a total of §750,000. Further
escalation brings the cost to $950,000.

2) The second estimate was roughly approximated at
$725,000 in 1990 dollars, and is escalated to 1996
dollars. The estimate was based on experience, using
the following assumptions:

12,000 hours for grid of property and gamma count
$23,000 for soil sampling

150 core holes for depth profile

Building size of 750' x 380"

Workhour rate, including per diem, $60/hour
Extensive use of swipes

Final analyses and report included

Subtotal (from non-Urenco sources) $ 643.4 million

Total Estimate $ 663.9 million

11.8-15 July, 1992
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1. LES CEC Depleted UF6 Disposition Study, September, 1990,
prepared by Duke Engineering and Services, Inc.

2. Depleted Uranium Hexafluoride Management Study, October 1,
1991, prepared by Duke Engineering and Services, Inc.

3. Decommissioning and Decontamination of a USJVC Plant,
USPDC(89)07, 27 April, 1989, prepared by Urenco.

4. Minerals Yearbook, Volume I, "Metals and Minerals", U.S.
Department of the Interior, Bureau of Mines. Published
annually.

5. Duke Engineering & Services, Inc., Telephone Conversation
Report, John Etheridge of Entergy, June 17, 1992, DE&S File
No. 6046~00-1901.00.

6. Duke Engineering & Services, Inc., Telephone Conversation
Report, Rich Patton of US Ecology, June 18, 1992, DE&S File
No. 6046-00-~1901.,00.
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Recommissioning Cost Estimate:

Pursuant to 10 CFR §§40.36(d) and 70.25(e), Louisiana Energy
Services has evaluated the estimated costs of decommissioning the
Claiborne Enrichment Center. The facility will be decommissioned
such that the site and facilities may be released for
unrestricted use. A summary of the estimated costs of
decommissioning, arranged by principal activity, is set forth in
the table below. The sources of the cost estimate data are alsoc
provided below.® As indicated, the total estimated cost of
decommissioning the facility in $663.9 million ($1996).

———

Louisiana Energy Services' evaluation of de:ommissioning costs
included an evaluation of current experience by one of the
general partners in the project, Urencc, Ltd., at similar
facilities in Europe. Appropriate \djustments have been made to
account for cost differences associated with the perfcrmance of
specific activities in the United States. The experience and
adjustments are documented in the Urenco paper "Decommissioning
and Decontamination of a USJVC Plant", USPFDC(89)C7, 27 April,

1989. Cost figures selected from this paper were escalated to

1996 dollars; ctherwise, the selected figures were unchanged.

The escalatod figures include:
Decon Facility Capital Cost $6.8 million
System Cleaning $1.1 million
Dismantling $6.8 million
Decontar :naticn $13.7 million
Salvage (aluminum only) {$7.9) million
Sub-total (from Urenco figures) $ 20.5 million

In addition to the figures supplied by Urenco, the following
costs were estimated directly for LES:

Decon Facility Labor Cost $ 1.4 milliow!

This was taken to be 20% of capital cost above.

3/ ? detailed description of the activities associated with
decommissioning is also set forth in Section .1.8 of the
Louisiana Energy Services Claiborne Enrichment Center Safety
Analysis Report.
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Decontamination of Decon Fa:ility $ 0.5 million

An independent estimate was provided by Naylor
Industrial Services, Inc., transmitted by letter dated
september 11, 1990.

Radinactive Waste Disposal $ 1.4 millicn

This assumes 100 m® @ $350 per ft*, in 1392 dollars,
escalated to 1996 dollars, This ~ost of disposal is
estimated specifically tor radicactive w ste disposal
in the Central States Compact. (Refsrences 5 and €)

(The Uranco estimate of 200 m® of low=-l:vel waste in
the cited reference was reduced by nalf due to a closer
look at solid arieings from tie decontamination
process. A facsimile from Urenco's Almelo facility, 23
August, 1990, provides an estimate of 2 m- <f "citric
cake" arisings. This "citric cake" 'wvas considered in
the Urenco cost estimate as a major portion of the low-
level solid wastes from decommigeiwning; thus, it was
concluded the estimate of 200 =° was high.)

Hazardous/Mixed Waste Disposal $ 0.1 million

Decontamination and decommissioning processes, as
described in this section, do not recult in the
production of hazardoys or mixed wastes for disposal.
Normal accumulation of hazardous and mixed wastes will
occur during the final months of CEC operation. The
volume of these final wastes, not due to D&D
activities, are estimated to be approximately
equivalent to the annual amounts listed in the CEC
Safety Analysis Report, Table 7.1-1.

Tails Disposal $ 639 million

The annual tails disposal cost is estimated to be $21.3
million. This is multiplied by 30 years to arrive at
the $639 million figure. Costs are based on converting
UF6 to UF4 with subsequent UF4 burial at a low level
waste disposal site. Estimates vary depending on
vendor charges for UFé conversion services. The cost
of conversicn can be reduced by 20% - 50% if LES enters
into a long~-term contract, which LES intends to do.

The $21.3 million per year value is therefore based on
such a long-term arrangement. Details of the estimate
are provided in two studies entitled "“UFé Tails

July, 19982
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Subtotal (from non=-U.énco sources) $ $43.4 million '

T EXHIBIT I - PAGE 6
MPEONEIATIOL % - TO APPLICATION OF
SO A UL Y LOUISIANA ENERGY BERVICES
A uidin : T |

production facility were escalated at 5% per year to
1990. The higher of the two costs, (calculated for a 1
mrem and a 5 mrem dose to the public), were selected
and then averaged, for a total of $750,000. Further
escalation brings the cost to §950,000.

2) The second estimate was roughly approximated at
$725,000 in 1590 dollars, and is escalated to 1996
dollars. The estimate was based on experience, using
the following assumptions:

12,000 hours for grid of property and gamma count
$23,000 for soil sampling

150 core holes for depth profile

Building size of 750' x 380'

Workhour rate, including per diem, $60/hour
Extensive use of swipes

Final analyses and report included

Total Estimate $ 663.9 million

July, 1992



i
il o e VR . . Y

~eh AT % ; EXHIBIT I - PAGE 7
! \.ﬂf ' ﬁaii 1 & i l_{ | TO APPLICATION OF
Malld LOUISIANA ENERGY SERVICES

-

S A S S

SUMMARY OF DECOMMISBIONING COSTS

Activity Estimated Cost
.. 81996)
Planning and Preparation 600,000
Decontamination Facility Installation 8,200,000
System Cleaning, Decontamination and
Dismantling of Radioactive Facilities 21,500,000
Sale, Salvage —{2,900,000)
Packaging, Shipping, and Disposal of
Wastes —ds 300,000
Final Radiation Survey 1,000,000
Tails Disposal 639,000,000
Site Stabilization, and
Long~Term Surveillance _N/A
Total $€53,900,000

Finally, Louisiana Energy Services recognizes the need to
adjust cost estimates and funding levels periodically, pursuant
to 10 CFR §§40.36(d) and 70.25(e). These measures are described
belnw. Louisiana Energy Services also recognizes that, pursuant
to 10 CFR §8§40.42(c) (2) (iii) (d) and 70.38 (c) (2) (iii) (d),
it must update its detailed cost estimate at the time of license
termination and provide, if necessary, additional assurance of
the availability of adequate funds for completion of
decommissioning.

July, 1992
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Displays include discrete display devices, mimic panels, and
VDUs. The arrangement of displays and controls promotes
efficient use of task-related components, rapid location of any
given component, and maximum awareness of plant conditions.
Displays contain only the information needed by the operator to
meet the task requirements in normal, non-routine, abnormal and
accident situations. Status is displayed for important
parameters. Displays are formatted and designed to ensure that
they are readable, understandable and accessible. Consideration
is given to letter size, font, contrast, viewing distance and
angle, lighting, color and the task complexity. Displays for
similar systems use consistent layouts and operator required
responses. Mirror image arrangements of components are avoided.
Component arrangement promotes easy association of related
controls and displays or other related components. Displays are
designed to present information to the operator on a system or
subsystem basis and are readily accessible by single keystrokes
where possible. Keyboard arrangement promotes easy asscciation
of related displays. The display takes full advantage of
technigues of control display integration including component
grouping techniques, system mimics, system demarcation, and
hierarchical labeling. Removal or relcocation of marginally useful
data is used to avoid operator information overload.

System response to any operator guery is made in less than two
seconds. System feedback to control action is less than 0.2
seconds wherever possible.

Alarms are prioritized as to importance and presented to the
operator in an efficient, timely manner. Keyboard lights and/or
VDU displays guide the operator to the proper detail display upon
which the alarming function can be found. First-out alarms ar>
used when required to identify the first of several alarms which
may occur almost simultaneously. Alarms are both audible and
visual and provisions are made for silencing the audible alarm
before acknowledging the visual display.

The design of equipment incorporates the objective of efficient
maintainability. Equipment out of service is suitably identified
to prevent attempted operation or operation of other dependent
equipment. -

6.4,11 STANDBY GENERATOR SYSTEM
The Standby Generator System comprises two generator package
units, two aboveground fuel storage tanks, and associated

equipment and controls to provide backup power to the CEC
essentia) loads during a loss of power.

6.4-96 July 1992
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d. Operator Error - Operation of any pump in a blocked-in or dry
condition may result in damage to the pump. The operational
sequence of the standby generators is automatic. If the fuel
pumps fail, it is necessary for operators to set up the proper
valve positioning and manually operate a hand fuel pump.

6.4.11.3 Safety Considerations

Failure of this system will not endanger the health and safety of
the public. Nevertheless, redundancy is provided in the major
components for reliability.

6.4.11.4 Diesel Fuel Spill Control and lLeak Detection

Diesel fuel will be stored on site in the two 10,000 gallon
diesel fuel storage tanks and the two 600 gallon day tanks. Each
of these four tanks will be provided with a secondary containment
device to contain the contents o. the tank in the event of a tank
leak or spillage of o0il. Leak detection will be accomplished by
daily visual inspection of the containment area between the tank
wall and the secondary containment device.

The two day tanks are located within the Diesel Generator
Building and each tank is surrounded by curbing to ccntain a leak
if one occurs. The curbing will be designed to contain the full
contents of the tank until cleanup can be completed. Detection
of a leak from one of the two day tanks will be accomplished by
daily visual inspection of the containment area within the
curbing.

The two diesel fuel storage tanks are located aboveground in the
plant yard near the Standby Diesel Generator Building. Secondary
containment for the two diesel fuel storage tanks will be
pr-ovided by completely encapsulating each tank in a second steel
sheil. The secondary containment shell will be designed to
contain any leak o1 oil spillage from the tank including the
entire tank contents until the leak can be cleaned up. Leak
detection will be accomplished by d¢: vy visual inspection of the
containment area between the primary tank shell and the secondary
containment shell. The secondary containment shell will be
equipped with an inspection access 1id to allow for inspection of
the containment reservoir for evidence of a leak or spill. The
daily inspection will also include a visual check of the soil
surrounding the secondary containment shell for evidence of a
leak or spill.

6.4.12 REFRIGERANT SUPPLY SYSTEM
A single Refrigerant Supply System, located in the Auxiliary Area

in Plant Unit 1, supplies Freon to the Hot and Cold Refrigerant
Systems in each of the three plant units.

6.4=100 July 1992
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A written reporc¢ of each Radiation Safety Committee meeting shall
be forwarded to all superintenae .tg within 15 working days of the
meeting. Records of the cuvimmittee proceedings shall be
maintained for two years.

The committee shall consist of managers or representat.ves from
gquality assurance, operations, integrated scheduling,
maintenance, compliance and technical support.

11.1.3.4 Apnroval Authority For Personnel Selection

The assignment of individuals to the position of Superintendent
and manager shall be approved by the CEC Manager.

Assignments to all other staff positions shall be made within the
normal administrative practices of the CEC.

11.1.4 PERSONNEL QUALIFICATIONS REQUIREMENTS
11.1.4.1 Minimum Qualifications

The minimum qualification requirements for the facility positions
that are directly responsible for its safe operation are outlined
below. The experience of each individual is determined
acceptable by the President of LES. Different experience
regquirements may be approved by the LES President. Substitution
of additional experience by academic training nay be made only
with prior NRC approval. This is done in writing and conly on a
case by case basis.

a) CEC Manager

The CEC Manage. shall hold a BS degres in an engineering or
scientific field and have a minimum of ten years of appropriate, |
responsible nuclear experience. A maximum of four years of the
ten years may be fulfilled by academic training on a one-for-one
time basis. To be acceptable this academic training shall be in
engineering cor scientific fields, unless specifically approved by
the President of LES.

b) Quality Assurance Manager

The Quality Assurance (QA) Manager shall have a minimum of eight
years of appropriate, responsible nuclear experience in the
implementation of a quality assurance program. A maximum of four
years of the eight years may be fulfilled by academic training on
a one-for-one time basis. To be ucceptable this academic
training shall be in engineering or scientific fields, unless
specifically approved by the President of LES.

11.1-9 July 1992
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The Security Manager shall have a minimum of five years of
experience in the management of security at similar facilities.

h)

Security Manager

i) Safeguards Manager

The Safeguards Manager shall have a minimum of five years of
experience in the mnnaqcnont of a safeguards program for special
nuclear material.

1) Emergency Preparedness Manager

The Emergency Preparedness Manager shall have a minimum of five
years of experience in the implementation of amergency pl s and
procedures at a nuclear facility.

Kk Health Physics Manager

The Health Physics Manager shall have a minimum of five years of
appropriate, responsible experience in the implementation of a
health physics prograrm at a nuclear facility. A maximum of two
years of the five years may be fulfilled by academic training on
a one~fc~one time basis. To be acceptable this academic
training shall be in engineering or scientific fields, unless
specifically approved by the President of LES.

1) Projects Manager

The Projects Manager shall hold a BS degree in an engineering or
scientific field andhave a minimum of five years of appropriate,
responsible nuclear experience. A maximum of two years of the
five years may be fulfilled by academic training on a one-for-one
time basis., Tc be acceptable this academic training shall be in
engineering or scientific fields, unless specifically approved by
the President of LES. The Projects Manager shall also have at
least one year of direct experience in the administration of
criticality safety reviews. Within the Projects group shall be
at least one individual with a minimum of five years experience
in the implementation of a criticality safety program. This
individual shall Lold a BS degree in an engineering or scientific
field. This individual shall hold a BS degree in an engineering
| or scientific field.

m) Chemistry Manager

The Chemistry Manager shall have a minimum of five years of
appropriate, responsible nuclear exparience. A maximum of two
' years of the five years may be fulfilled by academic training cn
| a one~for-one time basis. To be acceptable this academic
training shall be in engineering or scientific fields, unless
specifically approved by the President of LES.

11.1~11 July 1992
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(e) Verifying vendor QA programs, which includes development
and approval of approved vendors lists, audit and
surveillance of vendor QA programs, and review, approval and
control of vendor and procurement QA records. This includes |
verifying plans and procedures are imple.ented such that
they ensure an effective QA program.

(f) Development, maintenance, and issuance of QA manuals.
(g) Management of the QA Audit Program.

The above responsibilities include verification of the gquality of
actual hardware, software and documents.

QA activities, plans and programs occurring during the operation
phase are described in implementing procedures and are ar
followse:

- QA Audits of vendors

. Internal audits, inspections of and/or providing technical
suppo’ ©. Jor the activities listed below. The following
activ 'i»‘ are considered to be QA Systems Level 2
nctivicaas, The implementation of these activities would
follow the requirements for QA Systems lLevel 2 detailed in
section 10.19:

B UFé enrichment, sampling and blending operations.
Radiclogical safety and implementation of ALARA
practices.

Criticality safety.

Environmental protection.

Decontamination and waste disposal.

Maintenance.

Emergency Planning.

Material control and accounting.

Facility modifications.

Procedure preparation.

Security (both physical security and protection of
classified information).

Industrial safety (including fire protection).
Quality Assurance

Interface with NRC and other regulatory agencies.

. Quality Assurance provides technical support for the
following acrtivities:

B Procurement of Class I and Class II materials,

equipment, and/or spare parts including specifying QA
requirements.

10.1-3 July 1992
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10.5 INSTRUCTIONS, PROCEDURES, AND DRAWINGS

Written instructions and procedures, approved by authorized
individuals shall address:

(a) Actions to be accomplished.
(b) Associated responsibilities.

(¢) Methods or sys\=ms used.

(d) Appropriate quant.tative (e.g., dimensions, tolerances,
operating characteristic*) and gqualitative criteria

(e) Identification of interfacing procedures.
(f) Sequernce of activities or operations.

To ensure that design requirements imposed by codes, standards,
regqulations, and site considerations have been considered,
procedures provide for review, approval and documentation of
activities wanich affect the gquality of systems, structures, and
components.

The QA Program requires procedures which specify that work
performed shall be accomplished in accordance with the
requirements and guidelines imposed by applicable specif.cations,
drawings, codes, standards, regulations, quality assurance
criteria and site characteristics,

Acceptance criteria established by the designer are incorporated
in the instructions, procedures and drawings used to perform the
work. Documentation, including test results, and inspection
records, demonstrating that the work has been properly performed
is maintained. Procedures also provide for review, audit,
approval and documentation of activities affecting the quality of
items to ensure that applicable criteria have been net.

Maintenance, medification, and inspection procedures are reviewed
by qualified personnel knowledgeable in the quality assurance
disciplines to determine:

(a) The need for inspection, identification of inspection
personnel, and documentation of inspection results, and

(b) That .he necessary inspection requirements, nethods, and
acceptance criteria have been identified.

Facility procedures shall be reviewed by an individual
knowledgeable in the area affected by the procedure on a
frequency determined by the age and use of the procedure to
determine if changes are necessary or desirable, and at least

10.5=1 July 1992
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every two years, Procedures are also reviewed to ensure all |
procedures are maintained up-to-date with facility configuration.
These reviews are intended to ensure that any modifications to
facility systems, structures or components are reflected in
current maintenance, operations and other facility procedurss.

10.5=2 July 1992
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11.3 TRAINING PROGRAM

The principle objective of the LES training program system is to
ensure jcb proficiency of all facility personnel invelved in work
through effective training and qualification. The training
program system is designed to accommodate future growth and meet
commitments to comply with applicable established regulations and
standards.

Qualification is indicated by successful completion of prescribed
training, demonstration of the ability to perform assigned tasks
and where required by regulaticn, maintaining a current and valid
license issued by the agency establishing the requirements.
Training is designed, developed and implemented according to a
systematic approach. Employees are provided with formal training
to establish the knowledge foundation and on-the-job training to
develop work performance skills. Continuing training is
provided, as required, tc¢ maintain proficiency in these knowledge
and skill components, and to provide further employee
development,

11.3.1 PROGRAM DESCRIPTION

The training program is designed to prepare initial and
replacement personnel for safe, reliable and efficient operation
of the facility. Appropriate training for personnel of various
ability and experience backgrounds is provided. The level at
which an employee initially erters the training program is
determined by an evaluation nf the employee's past experience,
level of ability, and qualifications.

Facility personnel may bz trained through participation in
prescribed parts of the training program which consists of the
following:

A) General Employee Training
B) Technical Training
C) Employee Development/Management-Supervisory Training

Training is made available to CEC personnel to initially develop
and maintain minimum gqualifications outlined in Section 11.1.4.
The objective of the training shall ensure safe and efficient
operation of the facility and compliance with applicable
established regulations. Training requirements shall be
applicable tn, but not necessarily restricted to, those perscnnel
within the plant organization who have a direct relationship to
the operation, maintenance or other technical aspect of the CEC.
Training courses are kept up-to-date to reflect plant
modifications and changes to procedures when applicable.

Continuing or periodic retraining courses shall be e-tablished
when applicable to ensure that personnel remain proficient,

11.3-1 July 1992
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Periodic retraining generally is conducted to ensure retention of
knowledge and skills important to facility operations. The
training may consist of periodic retraining exercises,
instruction, and review of subjects as appropriate to maintain
proficiency of all personnel assignad to the facility.

11.3.1.1 General Employee Training

General Employee Training (GET) encompasses those Quality
Assurance, radiation protection, safety, emergency and
administrative procedures established by CEC management and
applicvable regulations. Continuing training is conducted in
these areas as necessary to maintain employee proficiency. All
persons under the supervision of facility management nmust
participate in General Employee Training; however, certain
facility support personnel, depending on their normal work
assignment, may not participate in all topics of the GET.
Temporary maintenance and service personnel receive General
Employee Training to the extent necessary to assure safe
execution of their duties. Certain portions of General Employee
Training may be included in a New Employee Orientation Program.

General Employee Training topics are listed below.
A) General administrative controls and procedure use |
B) Quality Assurance policies and procedures
C) Facility systems and equipment

D) Nuclear safety (See Section 11.3.1.1.1 = includes the
use of dosimetry, protective clothing and equipment)

E) Industrial safety, health and first aid
F) Emergency Plan and implementing procedures

G) Facility Security Programs (includes the protection of
classified matter and information)

H) Fire Protection and Fire Brigade (See Section
11:+3:343:3)

I) New Employee Orientation

11.3.1.1.1 Nuclear Safety Training

11.3=2 July 1992
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program is to assure the trainee's ability to perform job tasks
as described in the task descriptions and the Training and
Qualification Guides.

11.3.1.2.3

Continuing Training

Continuing Training is any training not provided as Initial
Qualification and Basic Training which maintains and improves
job-related knowledge and skills such as the following:

A)
B)
<)
D)

E)

F)

G)

H)
I

J)

Facility Systems and Component Changes

0JT/Qualifications Program Retraining

Procedure and Directive Changes

Operating Experience Program Documents Review to
include Industry and In-House Operating Experiences.

Continuing Training required by Regulation (e.g.,
Emergency Plan Training)

General Employee, Special, Administrative, Vendor,
and/or Advanced Training topics supporting tasks which
are elective in nature.

Training identified to resolve deficiencies (task-
ba-ed) or to reinforce seldom used knowledge skills

Refresher training on initial training topics

Pre-job instruction, mock~-up training, walk throughs,
that are structured.

Quality Awareness

Continuing Training and Regualification Training may overlap to
some degree in definition; however, Regualification or Retraining
refers to specific training designed for proficiency maintenance,

Cuntinuing Training consists of formal and informal components
performed on a frequency needed to maintain proficiency on the
job. Each Section's Continuing Training Program is developed
from a systematic approach, using information from job
performance and safe operation as a basis for determining the

content of continuing training.

Continuing training may be

offered, as needed, on any of the topics or programs listed in
Section 11.3.1.2.3 "Continuing Training."

Once the objectives for Continuing Training have been
established, the methods for conducting the training may vary.

11-3-10
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11.4 FACILITY OPERATIONS

11.4.1 FACILITY PROCEDURES

All safety-related (system class I) operations are conducted
through the use of procedures. Pefore initial enrichment
activities occur at the facility, a list of titles of procedures
that clearly indicate their purpose and applicability are made
available to the NRC for their inepection. As noted thrcugliout
the Salety Analysis Report procedures are used to control
activities in order to ensure the activities are carried out in a
safe manner. These activities would typically include:

a) Procedures for cylinder handling

b) Procedures for autoclave operation

c) Procedures for takeoff stations operation

d) Procedures for other production operaticns (e.g., blending)

e) Procedures for implementing the Fundamental Nuclear Material
Control (FNMC) Plan

f) Procedures for implementing the Emergency Plan
g) Procedures for implementing the Physical Security Plan

h) Procedures tor implementing the Security Plan for the
Protection of Classified Matter and Information

i) Procedures for design changes to the facility

3) Procedures for maintenance of facility structures, systems
and components

k) Procedures for construction and testing of facility
structures systems and components

i) Procedures for implementing the Quality Assurance Program |

m) Procedures for trainine

11.4.1.1 Preparation of Procedures

For operating, abnormal, maintenance, instrument, periodic test,
chemistry, radiocactiy . waste management, health physics,
emergency preparedness, annunciator responses, and modification
procedures, each procedure is assigned to a member of the

| facility staff for development. Initial procedure drafts are

| reviewed by members of the facility staff, by personnel from the

| supplier of centrifuges (Urenco), and other vendors, as

11.4-1 July 1992
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a) Records of Facility Safety Review Committee meetings.
b) Surveys of equipment for release to unrestricted areas.
¢) Instrument calibrations.

d) Classified/reportable incident reports.

e) safety audits.

f) personnel training and retraining.

q) Radiation work permits.

h) surface contam.nation surveys.

i) Concentrations of airborne radioactive material in the
facility.

3) Radiclogical safety analyses.

In addition, the following records shall be retained for at least
the periods indicated:

The following shall be retained or at least 3 years:

a. Records of all Reportable Events;

b. Records of surveillance activities, inspections, and
calibrations;

(- Records of changes made to procedures; and

d. Records of radiocactive shipments.

The following records shall be retained for the duration of the
facility license:

a. Records and drawing changes reflecting design modifications
made to systems and equipment described in the Safety Analysis
Report;

b. Records of radiation exposure for all individuals entering
radiation contrecl areas;

- Records of gaseous and liquid radicactive material released
to the environs;

d. Records of training and qualification for current and past

members of the CEC staff;

11.4-10 July 1992
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e, Record. of reviews performed for changes made to procedures
or equipment or reviews of tests an experinents;

f£. Records of analyses required by the Radiological
Environmental Monitoring Program that would permit evaluation of
the accuracy of the analyses at a later date. These should
include procedures effective at specified times and QA records
showing that these procedures were followed; and

g. Records of gquality assurance activities required by the
Quality Assurance Program. These shall be retained for a period
of time as recommended by ANSI N.45.2.9-1974.

Other retention times are specified for other facility records as
necessary to meet applicable regulatory requirements. These
retention times are indicated in specific facility procedur¢ .

11.4.3 REVIEW AND AUDIT ORGANIZATIONS

A review and audit program for operational quality assurance of
the CEC is established, and periuvdically reviewed by management,
to:

e verify that the facility is consistent with LES company policy,
approved procedures and license provisions,

e review important proposed facility modifications, tests and
procedures,

e verify that reportable occurrences are investigated and
corrected in a manner which redu. »s the probability of
recurrence of such events (refere..ce section 11.4.5), ard

e to detect trends which may not be apparent to a day-to-day
observer.

The intent of this program is to ascertain that the facilicy is
constructed and operated safely and in accordance with the
license conditions.

a) Thke organizational structure for conducting the cperational
gquality assurance review and audit program is as fellows:

1) The Facility Safety Review Committee appointed by t 2
CEC Manager.

2) The Radiation Safety Committee appointed by the CEC
Manager.

3) Regular audits conducted by the Quality Assurance
Department.

11.4~11 July 1992
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: 1.6 GEOLOGY AND SEISMOLCLY T §

3.6.1 BASIC GEOLOGY AND SEISMIC INFORMATION

The site for the Claiborne Enrvichment Center (CEC) is located in

an aea of rolling hills in northern Louigiana. The site

comprises 442 acres, of which approximately 70 acres will be
|
|

|

)

i

I

! developed for the facility. Elevations range from roughly 340

= feet above mean sea level (MSL) in the central portion of the

: gite to 280 feet above MSL in the southern portion. The site

' drainage is to the west and south where small creeks have formed

| at the base of the hills. Vegetation is thick and composed of
pine forest with some cak. Trees in the areas to be developed

i have been cleared, leaving stumps typically six inches high.
'
o

A review of the geological history of the site as well as in-
depth field exploration were performed in order to clearly define
the regional and site specific geology (References 1 and 2). The
results of the geological investigation of the site are discussed
in this section.

3.6.1.1 Regional Geology
3.6.1.1.1 Geologic Hisgtory

i
i
|
|
| During the Triassic, the Gulf of Mexico region was a land area
with Paleozoic sediments. In the mid-Triagsic, the region was

? elevated and block faulted ‘nto a basin and range-type terrain.

{ Areas of attenuated crust later became zones of sediment

i accumulation, and areas of thicker crust became basin margins,
interbasin and interbasin arches or uplifts and carbonate

| platforms. This tectonism (uplift and elongation) is interpreted
: to relate to the breakup of Pangea (Refarence 3), which resulted
i in the rifting of the Gulf of Mexico.

|

i

!

By late Triassic, much of the area was buried with only the

larger horsts and interbasin blocks remaining as topographic

prominences. In late Triassic or early Jurassic, .he uplifting

ceased and subsidence began. Marine waters entered large areas

of the region and resulted in deposition of evapor.:es in the
circulation-restricted basin and range topography. Subsidence

continued and eventually led to open marine conditions. Most of !
the subsidence that occurred during the 100 million years

following mid-Jurassic was probably due to the cooling of the

thermal anomaly related to the Triassic rifting event.

In the late Jurassic and early Cretaczeousg, shorelines became
evident in the stratigraphic record, while the central Gulf of
Mexico became a small, deep-water, sediment-starved basin. By
i early to mid-Tertiary tectonic subsidence had ceased. 1In the |
1 peripheral basins, sedimentation had kept pace with subsidence.
L Sediments transported into the interior basin were carried
n
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through to the central Gulf where the sediments slowly prograded

- into the basii,. OCulfward tilt of the interior basins was caused

by the load-induced subsidence of the northern Gulf.

Activity of the Gulf region was proceeded by predominantly non-
diastrophic events, including gravity slides, salt movement and
dome formation including crestal and radial faults, and growth
fault development. These activities proceed a seismically. In
the northern interior salt basins sedimentation virtually kept
: pace with subsidence. With the cooling of the thermai anomaly
! and little additional sediment loading in th® already filled
basins, subsidence is virtually complete making active faults
unlikely in the northern portions of the Gulf Region.

| Gulfward of the interior salt dome basins, downdip movement of
gsalt and active growth faults have followed the depocenters from
the vicinity of the Commanchean Shelf Edge in the late Tertiary
southward to the Sigsbee Escarpment today. The driving mechanism
is differential loading and the resulting tectonic features;
growth faults, salt domes and other salt structures, and the
faulting associated with the salt structures are aseismic. The
pre-salt basement is still subsiding at the depocenters and this
and the associated flexure of the block-faulted Triassic ard
older basement rocks may be the cause of what little seismicity
is present.

3.6.1,1.2 Physiography

North Louisiana is located in the north central portiocn of the
Gulf Coastal Plain physiographic province and is bounded to the
north by the Ouachita Mountains physiographic province. This
area of Louisiana is in the Western Hills subprovince as the
Missiesippi River to the east forms the boundary between east and
west subprovinces.

Physiographic and geomorphic features have been significantly
influenced by Quaternary sea level changes which during sea level
lowering caused streams and rivers to entrench themselves,
thereby increasing erosion rates within their drainage basins.
With the latest sea level rise since about 18,000 years before
present, rivers have filled their valleys with sediments, thereby
reducing erosion rates from :hose of lower sea level stands.

Major drainage features of n~rth Louisiana are the Missicsippi
River to the east and the Red River to the west. The rivers and
a large portion of their feeder streams flow southward toward the
Gulf of Mexico. These major drainage features occupy broad steep
sided, flat bottomed valleys. There Quaternary alluvial filled
valleys range from a few miles wide for the Red River to several
tens of miles wide for the Mississippi River. The average
elevations in the north Louisiana upland area is 300 feet above
mean sea level (MSL) with typical relief averaging 100 to 150 ft.
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indicating that the Monrce Uplift ceased to be a topographic high
and indicating the lack of differential movement between the
Monrce Uplift and the Northern Louisiana Salt Basin (part of the
Interior Salt Basin region). The platform remained a shoal area
from l:te Jurassic through late Cretaceous and therefore probably
represents primarily a stratigraphic effect on the marine
deposits .f the basin and not a structural effect.

Deposition in the North Louisiana Salt Basin is characterized by
cycles representing transgressions, inundation and regression
which r sulting in the ueposition of large thickness of marine to
deltair. sediments. Initial sediment loading initiated plastic
flow of Louann Salt in the Upper Jurassic and perpetuated it
throughout basin infilling. Salt movement continued throughout
Cretaceous and into the middle Tertiary, creating large salt
subbasins with piercement domes (salt diapirs) and their
corresponding rim synclines. Normal faults and radiai faults are
present in the basin and are all related to salt movement at
depth.

The influx of terrinencus sediment during the middle Tertiary
gignified the end ot basin filling and thus the mechanism for
salt dome growth and basin subsidence. The salt structures were
left in various stages of development from what is termed pillows
and turtle structures to the more mature pierccment salt domes.

As the interior basins filled, sediment depocenters migrated
further south out of the interior basins and into the lower Gulf
Bagin, which was previcusly starved of sediment. Sediment
loading south of the interior basins produced significantly more
subsidence than in the interior basins. This is primarily
related to the differences in crustal composition and thickness
between the interior basins and the lower Gulf Basin
(transitional continental crust versus oceanic crust). As a
rezult of the differential subsidence, tensicnal stresses
resulted in the creation of boundary structures along the
scuthern portions of the interior basins. These are somet ~es
thought of as hinge line flexures in response to the diffei.ntial
subsidence. On the south flank of the east Texas Basin, just
west of the Sabine Uplift, is the Mt. Enterprise Fault Zone which
occupies a portion of the hinge zone and is reported to have been
active until the Miocene. The North Louisiana Salt Basin does
not have a corresponding hinge line fault zone but does have the
Angelina Flexure which may represent a counterpart to hinge line
structure in Texas.

3.6.1.1.4 Boundary Fault Systems

Boundary fault systems consist of those fault zones which tend to
define the limits of the basin (see Figure 3.6-2, Tectonic
Featur:» “ap). These include the Mexia-Talco fault zone, South
Ar» s ‘ault rune, Pickens-Quitman-Gilbertown-Pellard fault
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Seismic reflection evidence indicates the boundary fault system
to be tectonic in origin because the system is underlain by a
fault scarp in pre-salt rocks (Reference 3). This scarp is
believed to predate salt deposition, as the Louann Salt shows an
abrupt change i.. thickness across the scarp. The change in
thickness equals the height of the scarp, indicating that the
scarp existed at the time of Louann Salt deposition and that the
fault in the basement has not experienced significant movement

_ gince Louann time. The basement fault scarp is significant in

! that it marks the boundary between continental crust of normal

' thickness marginal to the fault and thinner attenuated

E continental crust basinward of the fault.

Fault movement in the overlying sediments was probably due to two
mechanisms:

)
: a. Bending across a hinge line between the two crustal
! thicknesses

b. Down-dip salt flowage

Either of these mechanisms, or both, may have operated along any
f given segment of the fault system. It should be pointed out that
the fault scarp in the basement does not necessarily cause the
graben system above it, but controls the location of the graben
fault system. When sedimentation occurred, the thinner crust
beneath the basin subsided to greater depths than the adjacent
thicker crust, and the differential subsidence was accommodated
by bending along the hi.age line and resulted in movement along
the fault system as subsidence and sedimentation occurred. This
bending is believed to stretch the overlying sediments creating a
i system of normal faults typically in the form of a graben. The
| boundary fault system also generally marks the up-dip limits of
Louann Salt deposition. Mechanical experiments shows that salt
will flow down-dip, and if applied tc the area of the boundary
fault systems suggest an alternative or an additional mechanism
for fault movement., When the salt flows down-dip, it cannot be
replaced by salt flowing from up-dip because of non-deposition of
galt up-dip. The salt thickness adjacent to the scarp will
diminish constantly until the salt has been completely evacuated
from the area. As this occurs at the base of the scarp, the
werlying beds are lowered to the pre-salt surface, disrupting
the overlying beds and resulting in the formation of the fault
system,

The youngest sediments which overlie the boundary zone faulting
are Pleistocene terrace sediments and geomorphic surfaces, such
as along the Red River, which traverses the nearest boundary
fault zone, the South Arkansas fault zone. There are no
references in the literature indicating displacement in these
units. Reference 57, walthall and Walper (1967), state the
youngest displaced formations along the boundary faults (in
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Arkansas) are of Eocene Age. Also, Jackson ,1982) refers to
Kehle (1978; Reference 3) stating "... future movement on the
Mexia-Talco Fault zone is extremely unlikely because undeformed
Pleistocene terraces cross them."

3,6.1.3.4.2 Mt. Enterprise Fault Zone

The Mount Enterprise fault zone is considered to be a boundary
fault system although its origin is not esimilar to the Mexia-
Talco fault system. The Mount Enterprise system is not
considered to have had a basement scarp origin as did the Mexia-
Talco fault system. The Mount Enterprise system is related to a
hinge line or transitional zone between the attenuated
continental crust and oceanic crust. The differential subsidence
along this hinge line resulted in tensional stresses and faulting
which was initiated in early Cretaceous time.

The Mount Enternrise Fault Zone consists of a parallel series of
displacements which mark the southeastern border of the East
Texas Salt Basin. The system apparently dies out before reaching
the western border of the basin ut the Mexia-Talco Fault Zone.
The dip of the Mt. Enterprise fault planes at the surface range
from about 30 to 60 degrees, with lower dips at depth.
Stratigraphic displacements in Eccene Beds at the surface range
up to 500 feet, increasing with depth to 700 feet in rocks of the
upper Cretaceous (Reference 5).

Seismic reflection cata indicate that the fault system originated
during the deposition of the Cotton Valley and Trinity Sroups
(References 6 through 8). The fault system is a seriesr of graben
structures resulting from extensional rorces generated by
subsidence in ““e Northeast Texas Embayment to the north and the
Lower Gulf Coa.. Basin to the south.

According to interpretation of seismic reflection and well
control data, the Mt, Enterprise Fault Zone developed in response
to t.o mechanisms which occurred during different periods.

Init ation and growth of the fault system is postulated in the
following seguence:

a. initial differential loading of post-Louann sediments
mobilized salt from the main center of deposition southward to
the present position of the fault system, forming a linear salt
ridge. possibly due to pillowing inferred from regional gravity
data and the position of Elkhart and Slocum Domes (Reference 9).

b. Faulting, which appareatly occurred during the upper
Jurassic, was the principal structural adjustment to the
continuing salt buildup.

- Maximum movement occurred in the early Tertiary during
Wilcox deposition as indicated by the appre~iable thickening of
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Fault where ~.rly Tertiary centers of deposition were located.

4. Subsidence in the Northeast Texas Embayment to the north and
the Gulf Coastal Basin to the south caused the fault zone to
function as a hinge line and accelerated the movement of salt.

e, As centers of deposition migrated farther scuth, stresses
lessened and movement along the fault zone diminished.

Cessation of significant movement was apparently no later than
Miocene. Previous geologic mapping in the vicinity has shown no
faulting in Quaternary age terrace deposits. However,
displacement in the Quaternary has been reported to be attributed
to minor faulting near the Trinity River (Reference 10) along the
surface projection of the subsurface western extension of the Mt.
Enterprise Fault Zone, and a microearthquake recording net has
shown activity near the Mount Enterprise Fault 2Zone (Reference
11).

Microseismic activity ha been monitored near the Mt. Enterprise .
fault zone (Pennington a' i Carlson (1984), Reference 1l1) and
Pleistocene movement has oeen suggested (Collins et al., 1980,
Reference 10). The Mount Enterprise Fault Zone, however is over
100 miles from the site. Jackson (1982) while stating that this
fault zone is not well understood, suggests that the fault zone

is related to salt creep (based on reflection data), indicating a
Low seismic potential.

The Mt. Enterprise Fault Zone is one of the few fault zones in '
the Gulf Coast Region which potentially has seismicity spatially
associated with it., The most notable sarthguake was the MMI VII
1891 Rusk, Texas earthquake. This fault zone was described by
Jackson (1982) as being potentially related to movement in the
Louann Salt. According te Collins gt al., (1980; SAR Reference
10), the faulte in the Mt. Enterprise system may represent
hingeline effects between the East Texas Basin and the subsiding
Gulf Basin. While fault activity began during the Cretaceous,
most movement occurred during the Eocene. Fault movement reduced
as sedimentation slowed and the basal salt reached equilibrium.

3,.6.1.1.4.3 Rodessa and Hosston Fault Zone

The Rodessa Fault zone is a series of en echelon down-to-the-
basin faults comprising a zone on the north flank of the Sabine
uplift which extends partly into the Northeast Texas Salt Dome
basin. The fault zone extends into northern Louisiana, making a
total length for the fault zone of about 125 miles. The Rodessa
fault zone may be related to the South Arkansas fault zone
(Reference 5). The Hosston fault zone in norcthern Louisiana
parallels the Rocessa zone about 10 to 15 miles further south,
but is much shorter in length, and its occurrence appears to be
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in the Rodessa and Hesston zones
ig believed to have been initiated in the early Cretacecus and to
have ceased in tihe middle Tertiary. The Rodessa and Hosston
fault zones are be.ieved to be a part of or related to ti.e Mexia-
Talco - South Arkansas fault zone. These fault zones acted
indirectly as compensating faults to the system but are
complicated by their proximity to the Sabine Uplift. As with the
other boundary faults, movement was probably not initiatecd along
faults in the pre-salt basement rocks, but crustal controlled,
modified somewhat by the presence of salt at depth.

3.€.1.1.4.4 Growth Faults (Coastal Faults)

Growth faults fc m a series of major down-to-the-coast fault
zones that trend roughly parallel to the Gulf of Mexico. They
are characterized by main periods of movement occurring
gimultaneously with main periods of sedimentation. For this
reason they have been termed contemporaneous faults, growth
faults, flexure faults, syndepositional faults and dapositional
faults. The fault zones with the oldest time of principal
movement are located farther inland from the Gulf than the fault
zones with the most recent movement. Thus, the time of principal
movement corresponds with the thickest sequence of sediments in
each sedimentary unit. These sequences occur seaward or downdip
from the thickest sequence in the preceding older unit. This
results in the lower Gulf basin having an inclined axial plane
(four degrees gulfward)., The following features are
characteristic of these structures:

a. Fault planes commonly dip at approximately 45 degrees, but
frequently steepen toward the surface.

b. Adjustment or compensating faults form narrow grabens within
the trend.
P Beds on the down-thrown block commonly dip back t. a8 the

fault plane.

d. Beds on the up-thrown block commonly dip away from the fault
plane.

e. Throw or vertical displacement increases greatly with depth.

- | The faults frequently die out guickly with no .elative
displacement of beds a mile or mcre away.

g. The amount of formation dip into the down-thrown gide of the
fault commonly decreases with deptnh.

Several theories have been presented to explain the mechanics of
these faults. The theories include the subsiding basin
hypothesis, gravity flow hypothesis and the salt ridge
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hypothesis. No general theory is comp stely accepted for their
origin, but it is believed that most gr-wth faults originat.
either by the gravity flow rec!an..m or salt ridge mechanism,
resulting in initial shearing of unconsol.dated sediments within
a geologically short period after the sediments were depcsited.

It is a generally agreed cnaracteristic of these faults that
movement takes place during deposition of sediments and is rather
glow, unlike the rapid fault rupcure generally associated with
earthquake generating faults. The down-throw side of the faults
commonly re¢ .eives much more sediment during as interval of time
than the up-thrown side. Therefore, the increased sedimentation
on the down-thrown side tends to perpetuate movement as the
result of increased loading and possibly subsidence. Since
deposition was the major ériving force causing these faults, as
sedimentation ends, so does feulting. Major growth activity on
these faults apparently ceased in the Miocene as sediment
depocenters moved further gulfward.

Recent movement of some of these faults has occurred, resulting
in measurable fault scarps and movement rates. Most noted are
those in the Houston area. The time of movement is indicated as
Late Quaternary as sediments of this age are displaced. Recent
fault movement has disrupted mar-made structures over short-time
intervals. This later movement .s believed to be the direct
result of the removal of ground water, or hydrocarbons resulting
in the reduction of pore pressures in sands, increasing
overburden pressure and coasolidating the interbedded clays in
the Quaternary sediments. Since the fault plane restricts or
partly restricts the movement of fluids across the fault to
replenish the extracted fluid supply, differential subsidence
occurs, resulting in fault movement. Movement is believed to
only take place in the portion of the strata undergoing
consolidation and dies out with depth. All fault movement of
this nature has occurved along preexisting faults which were
initially the result of sediment loading. There has been no
measurable movement along these faults attributed to subsidence
of the lower Gulf Lasin; however, it has been inferred by some
geclogists to be a result of continued tiiting and subsidence of
the Gulf Ccast.

Movement of growth faults in the Gulf Coast Region during the 9
Pleistocene and into Holocene is well documented (for example,
Reference 48, } Zulleh and Autin (1991) and Reference 49,
M~Culleh (1990). In metropolitan areas such as Houston, Texas
and Baton Rouge, Louisiana movement has occurred along the near-
surface planes of old growth faults associated with differential
settlement caused by ground water withdrawal. Due to the poorly
consolidated nature of the sediments involved, this movement is
gradual and occurs as creep which has not produced earthquakes.
Infrequent earthquakes appear to have occurred randomly in the
region and are not known to be associated with any specific
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during the Cretaceous, coinciding with the time of maximum salt
movement, Most of the faults trend roughly paralleling the
strike of the Cretaceous beds.

Growth faults have been and are formed in the Gulf Coast region
at active depo-centers. Movement on the growth faults subsides
as sedimentation terminates and the locus of deposition proceeds
coastward. Movement along th” growth faults occurs a
seismically. Currently active growth faults are limited to the
region of the current deposition i.e., offshore area of the
continental shelf.

3.6.1.1.5 Subs nce and Induced Earthguakes Related to
Fluia Withdrawal and Injection

Fluid withdrawal or injection has been postulated to be a cause
of a number of earthguakes within the region surrounding the
site. A summary of this phencmenun was provided by Davis

(1989; SAR Reference 15). They cite numerous examples of fluid
withdrawal with associated subsidence, in some cases with
accompanying easihquakes. Table 2 summarizes the information
they provide. Sharp et al. (1991; SAR Reference 61) evaluated
widespread subsidence in the Trinity Bay - Port Arthur region of
the Texas coast of the Gulf of Mexico. They concluded that
depressurization of petroleum reservoirs is likely to be a major
cause of the subsidence.

The Mexia, Texas earthquake of 1932 has been associated with oil
withdrawal in the Mexia and Wortham Fields. By 1932, 112 MMbbl
of oil had been removed from these fields. Produccicn at the
time of the earthquake was high. Evidence for the induced nature
of this ea:thguake includes association of the highest Modified
Mercalli Intensity with the area of highest hydrocarbon

production (SAR Refurence 15). Evidence against an induced event
includes . ‘e occurrence of other earthguakes in the vicinity of
tF~ Mex '« .. 't system which are not associated with oil fields.
Fluid - ¢ "1.n has "een cited as the potential cause of

earthqu - ‘- centi: L and western Texas (Davis et al., 1989: SAR
Referen - ... a8 well. A series of small earthquakes near the
end of ¢ . e gent of the South Arkansas Fault Zone has been
associate. .th El Dorado Scuth brine disposal field by Cox
(1991; SAR KReference 59). Based on the lack of prior seismicity,

the correlation of seismicity with known disposal rates, and
location of hypocenters in the basement beneath the well field,
the author contends that there is a strong case for induced
seismicity.

In summary, seismicity has been associated with the injection and
withdrawal of fluids in numerous locations in the Gulf Coast
region. In addition, subsidence has been associated with fluid
removal, Al. of the seismicity and subsidence effects have
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cccurred in the immediate vicinity of the pumping activity. The
potentially induced earthquakes are all low in magnitude (< 5.0)
and are interpreted to occur in the basement below the production
horizons. The cause of both subsidence and earthguakes has been
hypothesized to be the rapid changes in fluid pressure generated
by human activity. While there is a potentiali for induced
earthquakes to occur near the site, t'.e probability is small
sii.ce there is currently no significant pumping near the site.
For more information on wells in the vicinity, see SAR Section

3:8.4.3:8% Stratigraphy

The depositional history of north Louisiana is one of more or
less continuous basin infilling with periods of marine inundation
that formed limestones and an occasional evaporite deposit and
regressive conditions wnere deltaic deposits of sands and shales
predominated as the deltas prograded into the basin. The post
Louann Salt inundatior began in the late Jurassic with the
deposition of Smackcver carbonates. The southward regression of
the sea was followed by a significant clastic influx from the
north during the transition of the Jurassic to the Cretaceous, as
was marked by Cotton Valley and Hosston deltaic deposits. A
pericd of inundation followed Hosston deposition, as represented
by the Sligo Formation. During the early Cretaceous an extensive
barrier reef developed peripheral to the lower Gulf Fasin and
gulfward from the salt basin. Within the salt basin wide spread
carbonate reef and lagoonal sediments predominate (see Figures
3.6-3, North Louisiana - Stratigraphic Column, and Figure 3.6-4,
Index Map of the North Louisiana Salt Basin).

During the middle Cretaceous the continental emergence was most
pronounced, as represented by areas around the Sabine and Monroe
uplifts where lower Cretaceous sediments were partly eroded. The
regressive phase of this uplift vas least noticeable in the
central portions of the interior salt basins where clastic
deposition was almost uninterrupted. During the middle to late
Cretaceous the Woodbine-Tuscaloosa clastic deposits were followed
by extensive chalk and marl deposits of the Austin Group, and
then marine clays predominated throughout the remainder of the
Cretaceous Period.

A general regressive sequence of terrigenous sands and shales
were deposited throughout the Tertiary as basin infilling was
ending, as represented by the last major deposition of deltaic
sedinent of the Wilcox Group. The succeeding deposition of the
Claiorne Group is cliaracterized by interbedded sands and shales
representing cyclic marine #nd nonmarin: conditions. A
regressive pattern was again initiated by deltaic building du. ‘ng
the Miocene, but associated with the develc>ing down warping c.
the southern Gulf Basin where the Miocene «cpocenters
predominated.
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Pleistocene terrace and rece. . deposits lie unconformably upon ~
the Tertiary sediments which jad been undergoing erosion since
the Miocene. Pleistocene and Pecent deposits are primarily a
product of sea level fluctuations resulting in deposition and
erosional processes which were locally controlled by existing
structure and lithology of preexisting sediments.

3.6.1.1.7 Mireral Resources |

Mineral resources of the North Louisiana Salt Basin are oil, gas,
salt, sulphur, lignite, iron ore and construction materials.

Only oil and gas are under widespread production at the present
time and are mainly from Jurassic through Tertiary age strata,
Production has been ongoing since the early 1930s, and activity
continues to increase with the developuent of enhanced recovery
techniques., 0il and gas production is from structural,
stratigraphic, hydrodynamic and any combination of these trapping
mechanisms.

Associated with the numerous piercement salt domes is a
gignificant resource of salt and associated sulphur i. the
overlying salt domes caprock. Some production of salt and
sulphur has been attempted at various times over the past 60
years. At the present, no prodiiction of salt or sulphur is
ongoing in the North Louisiana Salt Basin.

. lgnite occurs in commercial guantities in the Tertiary Wilcox
wroup. The lignice deposits are of deltaic origin and are
characteristically thin and discontinuous deposits. Because of
the low BTU guality of lignite and the expense of its production,
it is mainly utilized at mine mouth power generating stations
where transportation is minimized. Although there are
significant quantities of lignite in north Louisiana, the demanc
for power has not crsated the need for extensive mining of
lignite.

Iron ore in the form of glauconitic strata is abundant in the
nc-th Louisians srea, but the ore is at a depth which would make
its exploitation uneconomic. However, weathered surficial
deposits in che form of iron ore gravel are used as base matei'al
and surface material for secondary roads. Construction materials
such as sand and gravel (including limestone) are fairly common
within the area. Its primary use is also as road Lase material
or aggregate for pavement wearing surfaces.

3.6.1.2 Site Geology

3.5.1.2.1 tuysiography

Topographically the 442-acre site is characterized by gently
rolling hills with elevations that range from approximately 340
feet above MSL in the central portion to 280 above MSL in the
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southern portion of the site (see Figure 3.6-5, Site Topographic
Map). The change in elevations across the site (relief) is
approximately 60 feet. Vegetation is thick and compcsed of pine
forest with some oaks in the uncleared areas. Site drainage 1is
to the west and south where small unnamed creeks have “ormed at
the base of the hills. Topography flattens adjacent to these
streams, creating a definite drainage plain., These unnamed
creeks join in the southwestern portion of the site where the
flow is into a larger drainage feature which flows into Cypress
Creek farther to the west and eventually into Lake Claiborne.
Drainage for the eastern portion of the property is directed into
a small lake, Lake Avalyn, which empties into an eastern unnamed
stream and then into McCasland Creek. The entire site lies
with.n the Red River drainage basin (see Figure 3.6-6, Red River
Watershed Map).

3.6:1.3.3 Structural Geologic Conditions

Structurally, the cite lies on the Claiborne Platform which
bridges between the north flank of the North Louisiana Salt Basin
and southwest flank of the Monroce Uplift. The proximity of the
site to the Monroe Uplift and the flank of the North Louisiana
Salt Basin results in a slight southwesterly dip to the nearly
horizontal strata. Faulting in Claiborne Parirh is related to
regional subsidence of the salt basin and salt intrusion. Since
.he middle Tertiary, faulting has not been active, as
sedimentation has ceased and thus the mechanism for basin
subsidence and dome growth has been removed.

No ralt domes are located at the site. The closest are the
Minden Dome to the west in Webster Parish and Gibsland Dome to
the south in the Bienville Parish. The site does, huwever,
overlie the northeastern flank of the Homer salt pillar (early
mounding stage of salt dome development) which developed some
time during the late Jurassic to early Cretaceous and ceased its
structural development during the middle to late Cretaceous. The
Homer salt pillar is also known as the Darley High (see Figure
3.6-4).

An evaluation of marker beds identified in soil borings shows n.
structural faulting across the site; however, a slight
southwesterly dip does e. ist. Based on data gathered from
previous investigations cf the area by Law Engineering, the
Darley High extends from the top of the Louann £alt up to the
Cretaceous Hosston-Sligo-Pine Island sequence. In the lowest
stratigraphic unit mapped (base of the Ferry Lake anhydrite), a
northeast-southwest trending fault was identified with
approximately 100 feet of throw. However, by deposition of the
Pine Island, faulting had died ou. and the structure is very
planar from the top of the Ferry Lake through the Tertiary Zook
Mountain Formation.
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Site stratigraphy is based on the interpretation of deep oil and
gas well logs, seismic data in the site area and shallow (100
feet) site stratigraphic bcrings. The table below presente the
elevation (referenced to MSL) to the top cf each formation below
the site starting with the Cockfield Formation at the surface.

Cockfield Formation +350 feel

Cook Mountain Formation +310 feet

Carrizzo Formation ~-740 feet
Wilcox Group -980 feet
Midway Group ~1250 feet
Nacatoch Formation -2250 feet
Saratoga Formation -2430 feet
Eagle Ford Formation -2890 feet
Tuscaloosa Formation ~-2930 feet
Rusk Formation (Mooringsport Member) -3370 fec.
Ferry-Lake Formation ~4400 feet
lhodessa Formaticn ~-4800 feet
James Formation ~-5250 fe-t
Pine Island Formation -5580 feet
Sligo Formation -5700 feet
Hosston Formation -5820 feet
Cotton Valley Group ~8950 feet

Tne depth to the top of the Jurassic Louann Salf is estimated at
approximately -16,000 feet MSL as inferred by seismic data,
Thickness of the salt in the Homer area is approximately 2000 -
2500 feet, establishing the Triassic basement at -18,000 to
-18,500 feet MSL. Stratigraphically, all geclogic units are
present from th> middle Tertiary Cockfield Furmation through the
Jurassiz Louann Salt. These units thicken as they dip south-
southwesterly or basinward. The upper 2500 feet of sediments at
the site are consoliduated marine and deltair sediments with major
fresh water production coming from the upper 300 feet.

Sed: nents encountered within the upper 100 feet at the site are
identified in the Tertiary Cockfield and Cook Mountain Formations
along with recent deposits of alluvium in and adjacent to
drainages. The Tertiary deposits exhibited planar deposition and
southwesterly dip similar to those of the deeper sediments
previously discussed.

Surface soils encountered at the site are of the Gilead and
Shubuta Soil associations and developed from the weathering of
the Cockfield Formation. These soils are jrayish-brown fine
sandy loams on the more strongly sloping areas and are well
drained. The Cockfield Formation is divided into a marine and a
non-marine unit. The non-marine unit, which is orimarily
composed of light brown fine-grained sands with some silts and
clave, is exposed at higher elevations in the northern areas of
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the site. This unit is underlain by the marine unit of the
Cockfield, Layers of siderite were observed in the lower unit as
exposure on hillsides in the northern portion of the site. These
layers created a perched water table on the hilltops as exhibited
by sorme springs percolating from the sides of hills above the
siderite layer. Thick outcrops of siderite were also cbserved
along ridges on the southern portion of the property (outside of
the boring exploration area). These siderite outcrops are not
continuous throughout the area. Below the siderite layer are
characteristically massive crossbedded sands and glauconitic
sands which are dark green but weather to red and brown as
exhibited by the soil cover. Total thickness of the lower unit
is up to 50 feet thick and lies conformably over the Cook
Mountain Formation.

The Cook Mountair Formation, which can be up to 300 feet thick,
is divided into five lithologic units The lowermost unit (lower
sand) consists of up to 20 feet of glauconitic sand, siderite
ledges and an abundance of marine fossils. The lower unit is
overlain by a calcareous fossiliferous clay up to 60 feet thick
with silt and clay near the base. The overlying silt and clay
unit, about €0 feet thick, consiscs of alternating beds and
almost pure silt in the upper 20 feet. The middle sand unit
averages about 80 feet thick and is typically composed of fine-
grained crossbedded, slightly glauconitic sand with some clay and
silt stringers. The uppermost unit is composed of silt and clay
about 40 feet thick and grades upward into 20 feet of glauconitic
sand with iron (siderite) ledges and marine fossil casts. This
in turn grades upward into about 20 feet cf alternating thin beds
of silt and clay which become sandy in the upper 2 to 3 feet
before grading into the Cockfield Formation.

Pleistocene terrace deposits lie unconformably upon the erosional
surface of the Tertiary formations. At the site however, these

terrace deposits do not overlay the Cockfield and are thought teo
have been eroded and incorporated into Recent alluvial sediments.

Recent alluvial sediments and colluvial sediments are present in
downslope and low lying areas adjacent to and in the drainages.
These sediments are composed of light brown to gray sand with
some silt, clay and chert gravel. The main criterion for
distinguishing recent sediments from Tertiary sediments is the
lack of bedding, unconsolidated nature and presence of chert
gravel. Quaternary terrace deposits have the same
characteristics but may be slightly cemented in whole or part.

3.6.1.2.4 Mineral Resources
Mineral resources of the North Louisiana Salt Basin are discussed

in Section 3.6.1.1.6. Mineral resources currently being
developed in the site vicinity are oil and gas and a minor amount
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cf construction materials in the form of sand, limestone gravel
and siderite gravel.

As shown in Figure 3.6-7, North lLouisiana 0il and Gas Field Map,
several oil and gas fields w.e located in the vicinity of the
sita. Activity in some of these fields has been good over the
past 40-50 years but has declined, along with production and
exploration all over North Louisiana, in the last 10-15 years.

Sand, limestone gravel and siderite gravel are abundant in the
vicinity of the site. Commercial marketing of this resource is
almost non-existent due to the lack of market demand in the
regional construction industry.

3.6.1.3 Geotechnical Exploration

An in-depth field investigation and laboratory testing program
was performed to explore subsurface conditions at the site. The
purpose of the investigation is tc identify and characterize the
subsurface soil, groundwater and geclogic conditions. The field
investigation and laboratory testing program are presented in
Sections 3.6.1.3.1 and 3.6.1.3.2, respectively.

3:86.1.3.1 Field Investigation

The following subs2ctions describe the details of the field
investigation program performed at the site.

L F % W S S0il Test Borings and Sampling

A series of 40 soil test borings, together with 15 electric cone
penetrometer tests (CPT) and 12 test pits, were performed at the
site. Locations of test borings, CPT's and rest pits are shown

in Figure 3.6-8., Table 3.6-1 indicates the boring type, depth,

ground elevation and location.

Soil test borings were accomplished utilizing two All-Terrain
Vehicle (ATV) drill rigs and rotary wash boring technigques. All
drilling and sampling operations were performed in general
accordance with current ASTM Specifications and the Site
Subsurface Investigation Specification (Reference 13). Soil
gamples were obtained continuously (2-foot intervals) in the
upper 10 feet and at intervals of 5 feet thereafter. Standard
penetration test (ASTM D 1586) and thin-wall tube sampling (ASTM
D 1587) methods were used to obtain soil samples. When seoils in
the lower stratum became too hard to push thin-wall tubes,
relatively undisturbed samples were obtained using a pitcher
sampler. All scil samples were returned to the laboratory for
further classification and testing. Copies of soil test boring
logs are contained in the Geotechnical Exploration Report
(Reference 1).
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3,6.1.3.1.2 Groundwater Measurements

Temporary piezometers were installed in Test Borings B-10, B-24,
B-40 and B-48 following the completion of soil sampling. These
piezometers were installed to determine the stabilized
groundwater level at representative locations across the site.
Groundwater levels in the piezometers were measured daily during
the field exploration program and are listed in Table 3.6-2.

S Balwdidid Electric Cone Penetrometer Tests

CPTs were performed at 15 locations within the site Process Area
(i.,e., Separations Building and Centrifuge Assembly Building).
Twelve of the locations were between soil test boring locations,
and three were located adjacent to borings for direct correlation
of test data., Figures 3.6-9, 3.6-10 and 3.6-11 exhibits the test
data comparison for the CPTs located adjacent to the soil test
borings.

CPTs were accomplished utilizing a 20-ton CPT truck with
electronic data collection capability. The truck-mounted cone
penetrometer testing eguipment was selected in order to provide
sufficient thrust resistance to achieve the maximum possible
penetration at each location.

Electric CPTs were made in general accordance with ASTM D 3441.
Continuvus data was obtained to the maximum depth possible
without damaging the electrical strain gauges in the probe.
Continuous logs (plots) of point resistance, side friction, and
friction ratin are presented in the Geotechnical Exploration
Report (Reference 1). Computer interpreted cone data, including
soil type, equivalent blow count, friction angle and undrained
shear strength, are also included with the logs.

3:8:% 5.8 Test Fits

A total of 13 test pits were excavated to obtain disturbed bag
samples to evaluate the suitability of soils for yard fills and
backfills. Test pits were excavated to depths of 10 to 11 feet
using a backhoce. Samples were obtained in general accordance
with ASTM D 1452 at representative depths and at changes in the
stratigraphy.

Test pit records are contained in the Geotechnical Exploration
Report (Reference 1). Test pit locations are identified in
Figure 3.6-8.

3.6.1.3.1.% Geophysical Surveys

The geophysical surveys consisted of down-hole seismic testing at
soil test boring locations B-15 and B-17, and crusshole seismic
testing at locatiocns B-17 and B-27. Crosshole and downhole
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seismic tests were performed to obtain insitu seismic velocities
of tha subsurface soil.

All testing was performed in general accordance with ASTM D 4428,
Each seismic test borehole vas measured for verticality using an
inclinometer. This enabled the data to be corrected tor any
deviations in alignment.

3.8.:3:3.2 Laboratory Testing

In the laboratory, scil samples from the field investigation were
further exarined and visually classified in accordance with the
Unified Soil Classification System (USCS). Durinyg this review
process, laboratory tests were assigned to selected soil samples
representative of the site soil stratigraphy.

Laboratory tes:ts were conducted to further classify the soils, in
addition to measuring the strength, consolidation, swell
potential, corrosion potential and dynamic properties of the
soil. Additional laboratory tests were assiyned to bulk samples
from the test pits to determine permeability and compaction
properties. The types of laboratory tests performed included
Atterberg limits, moisture content and unit weight, grain size
analvsis, triaxial compression, consclidation, permeability,
shrink-swell, pH and resistivity, expansion, standard Proctor,
CBR and resonant column tests. Laboratory test results, together
with a review of appropriate test procedures are presented in
Appendix 3.6-1, Laboratory Testing.

Resonant column tests were performed for three soil samples
obtained from the upper soil stratigraphy in the Process Area.
Test resuits and discussion are presented in Appendix E of the
Geotechnical Exploration Report (Reference 1).

3.86.1.3:3.:1 Crosshole and Downhole Seismic Testing

The seismic crosshole and downhole investigation produced P- and
s-wave velocities at the three locations. In general, both P-
and S-wave velocities are low at the surface and tended to
increase to a depth of about 40-5C feet. One or two lower
velocity zones were detected in the upper 50 feet. From 50 to
100 feet, the P- and S-wave velocities were relatively
cons.stent. P-wave velocity varied from approximately 800 to
6,000 ft/s in the upper 40 feet. Below 40 feet, DP-wave velocity
was approximately 5,000 to 7,000 ft/s. Shear velocities ranged
from approximately 300 to 1,100 ft/s in the upper 40-50 feet.
Below 50 feet, the shear wave velocity is approximately 1,200 to
1,800 ft/s.

Tables 3.6-3, 3.6-4, 3.6-5 and 3.6-6 present cie interpreted P-
and S-wave velocities with depth at the test locations. In
Section 3.6.2.2.4, these results are combined with other
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3.8.8 ANALYSIS OF GEOLOGIC STABILITY

Most earthquakes which occur in the United States are Jocated in
the tectonically active western portion cf the country. However,
areas of the central and eastern United States may also
experience seismic activity, although at a lower rate.

| Earthquake activity in the central and eastern United States has
‘ included such large events as the 1811-1812 New Madrid

| earthquakes which occurred in Missouri and Arkansas, and the 1886
Charleston, South Carolina earthquake.

3.6.2.1 Seismic History of Region apnd Vicinity

The historical record of earthquakes in the south central United
States began with the settlement of the area in the early
nineteenth century. This section discusses the general level of
activity and individual important earthquakes in the portions of
the southern states which may affect the north-central Louisiana
area,

Figure 3.6-15 indicates locations of earthquakes which have
occurred within the region. All earthguake intensities in this
report use the Modified Mercalli Intensity scale presented in
Appendix 3.6-2. Associated ground motion parameters are not
listed in Appendix 3.6-2 because the intensity registered at a
site depends upon a number of dependent factors, which are
difficult to separate. Felt reports and building damage depend
upon duration of shaking, freqguency content of shaking, the
responses of structures and soils, as well as upon peak
acceleration and velocity.

Examination of available literature and earthguake catalogs
revealed that the nearest intensity reports for earthguakes are
reported for Shreveport, Louisiana, approximately 50 miles west
of the site.

The earthquake data used ia the s2ismic study came from several
sources (References 15, 16 and 17) and a catalog of earthquakes
from the Electric Power Research Institute (EPRI) study on
seismic hazard methodology east of the Rocky Mountains.

3.8:4.1:% Regional Earthguakes

Historical data indicate that several large, distant earthquakes
may have been felt in Claiborne Parish, Louisiana. These distant
earthguakes are responsible for the highest intensity shaking
reported or interpreted for north-central Louisiana.

3.8.2.5:1.1 1811-1812 New Madrid Earthgquakes

This series of earthquakes which occurred during the winter of
1811-1812 consisted of four major earthquakes (my,, = 7.2, 7.0,
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7.1, 7.3) and numerous smaller events (Reference 18), The
earthquakes occurred in an area extending from southeastern
Missouri into northeastern Arkansas. These earthguakes were the
‘argest to occur in the lower 48 states.

In our assigning MMI = VI to the site for the December 16, 1811
earthquake, we evaluated the location and geology of the site as
well as the various sources of intensity information.

Algermissen, 1983 and Bolt, 1978 both reference, as a source on
the December 16, 1811 earthquake, work done by Otto Nuttli prior
to 1978. We have used more recent studies by this author and by
Ron Street (Street and Nuttli, 1984, Reference 18; Street, 1982,
Reference 56). Their interpretation of the intensity maps has
changed with time. In the Louisiana area, the overall effect has
been a lowering of the reported MMI values. The most recent
interpretations estimate the intensity fe.t in northern Louisiana
at I=VI. A recent tendency has been to omit the isoseismal lines
from the interpretation maps leading investigators to evaluate
sites by considering epicentral distance and site geology.

The intensity of shaking experienced at the site from the New
Madrid earthquake sequence can only be estirated since there are
no intensity reports for the vicinity. The isoseismal maps
referenced show generalized isoseismal lines. Specifically,
there is a I=VII line passing through north central Louisiana.
Detailed analysis of available intensity reports and more modern
interpretations, shows that I=VII was typical for alluvial
valleys which tend to amplify shaking, while no reports were
available for high ground sites. It is our interpretation that
if a town had existed on the CEC site in 1811, the reported MMI
would be VI.

Using Modified Mercalli Intensity to directly estimate shaking
for the New Madrid Earthquakes at this site is not appropriate
because the site intensity can only be guessed at and there are
better methods for modeling strong ground motion.

Intensity data for Louisiana resulting from the large New Madrid
earthquakes is scarce. Intensities, inu or near what is now the
state of Louisiana, range from VII at Vicksburg, Mississippi, to
III-V reported in New Orleans, Louisiana (Reference 19).
Examination of intensity data along the Mississippi River for the
December 16, 1811 (8:15) earthquake may give a Modified Mercalli
Intensity of VII as t"he highest for the State, based on data from
sites in alluvial valleys which tend to amplify the shaking. A
similar level of intensity was interpreted by Davis, et al.,
(Reference 15) for northeast Texas. The .ghest verifiable
intensity report for Louisiana was VI, reported for the Town of
Washington in south-central Louisiana. Based on the above
reports, intensity VI shaking was probably produced in the site
region by the four major New Madrid earthquakes.
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. S T8 TR L - 1843 Mississippi Valley Earthquake

Thic event occurred on Canuary 4, 1843, in the Mississippi River
valley near Memphis, Tennessee. The epicentral in.ensity is
estimated to have been VIII with anm, 6.1. This earthquake was
felt over a large area including northern Louisiana. Nuttli
(Reference 20) places the intensity IV isoseismal near the site
in Claiborne Parish. Louisiana.

3.6.2.1.1.3 1886 Charleston, South Carclina Earthquake

This large earthquake (m, 6.8) occurred in coastal South Carclina
on September 1, 1886, and produced shaking throughout the eastern
United States, including the region surrounding the site
(Reference 21 and 43). Intensity Il shaking was detected at
Shreveport, Natchitoches and Alexandria, Louisiana and at Hampton
and Monticello, Arkansas (Reference 19). Intensity II shaking
probably occurred at the site from this earthquake.

3:0./2:1.1:4 1895 Charleston, Missouri Earthgquake

This large earthquake (m, = 6.2) occurred on October 31, 1895, at
the northern end of the New Madrid Fault Zone near Charleston,
Missouri. The effects of this earthquake were felt as far as New
Mexico (Reference 20).

Intensity III shaking was reported for Louisiana (Reference 19)
and it is assumed that similar shaking occurred at the site.

v (B A O W Near Earthq: ikes

This section discusses significant historical earthquakes located
within 320 km (200 mi) of the Claiborne Parish, Louisiana site.
Table 3.6-9 lists earthguakes which have occurred near the site
through 19585. The table includes the time of occurrence,
location of epicenter, distance from Homer, Louisiana, magnitude,
felt area and epicentral Modified Mercalli Intensity (I,).

L S oo g Car o Near Earthguakes - Ouachita Region
3.6.2.1.2.1.1 1882 Ft. Gibson, Oklahoma Earthquake

Occurring on October ‘2, 1882, this earthgualke was originally
reported to be located near Paris, Texas (Reference 22).
Reevaluation of newspawer accounts and work by earlier
researchers led to relocating the earthguake approximately 240 km
(150 mi) farther north near Fort Gibson, Oklahoma (Reference 15).
This relocation places the event far outside the 320 km (200 mi)
radius of the site.
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The earthguake was assigned amagnitude—m =5 5—The CEC site
is located at the southeastern edge of the felt area for this

earthguake.

3.6.2.1.2.1.2 1911 Rison, Arkansas Earthquakes

An earthquake and aftershock occurred on March 31, 1911, near the
south central Arkansas towns of Rison and Warren. At R.icon,
houses swayed and articles were thrown from shelves. The main
shock was felt throughout southeastern Arkansas, northeastern
Louisiana and along the Mississippi River from Memphis to
Vicksburg, an area roughly 200 miles north-south by 100 miles
east-west (Reference 23). The main event was given a magnitude
m = 4.6 and an epicentral intensity of VII. The aftershock was
less strongly felt (I, = IV-V).

Neither earthquake was reported to be felt in the Homer,
Lovisiana area (Reference 19).

. P8 By I B 3% | Near Earthquakes - Interior Salt Basin Region
3.8l Bds1 1891 Rusk, Texas Earthguake

This earthquake occurred on January 7, 1891, near Rusk, Texas.
The epicentral intensity is given as either VI or VII, depending
on the interpretation of actual earthguake structural cdamage.
Other intensity information for the area suggests I,6 = VI
(Reference 15). The nature of the cdamage supports a shallow
focus earthquake of approximate magnitude m, = 3.8,

Although this event was not felt in Claiborne Parish, it occurred
1a the same tectonic province. The 18%1 Rusk, Texas earthquake
was located near the Mount Enterprise Fault System.

7S P B e IR 1940 Rodessa, Louisiana Earthguake

This earthquake, occurring on December 2, 1940, is the nearest
event t» the site. The earthguake was located 96 km (60 mi) from
the site. The epicentral intensity of the earthguake was
assigned an intensity of IV and an estimated magnitude of m, =
3.1. No damage near the site was reported from this earthquake.

.0 81283 1957 Gladewater, Texas Earthquakes

A series of four earthguakes was felt near the Texas Town of
Gladewater on March 19, 1957. The largest of these earthquakes
had a maximum intensity of V. The magnitude was estimated to be
m = 4.0 for the main shock and m, = 2.5 for the three
aftershocks.

These events may also have been related to fluid withdrawal,
because they were located in the area of greatest well density in
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the northern portion of the East Texas oil field. 1In the 27
years preceding these earthguakes, 3.5 billion barrels of oil had
been extracted from the field (Reference 15).

3.6.2.1.2.2.4 1964 Hemphill-Pineland, Texas Earthquakes

Prom April 24 to August 19, 13964, a series of earthquakes
occurred near the east Texas towns of Hemphill and Pineland. At
least thirteen events were felt, with the largest having an
epicentral intensity of VI and magnitude my,, = 3.6 (Reference
16). After seismographs were installed in the area in July 1964,
seventy shallow focus earthquakes were recorded before the swarm
ended on August 19 (Reference 15).

Although they occurred between two large reservoirs, these
earthquakes were not caused by the infilling or water level
fluctuations, since that did not begin until 1965. One possible
explanation for this seismic activity is movement along the
nearby Angelina-Caldwell Flexure (a hinge line parallel to the
coastl_ne) due to sediment loading in the Gulf of Mexico. These
events may also have been related to nearby o©il and gas fields.

3.6.2.1.3 feismic Hazard

The following sections describe the evolution of the state of the
art in seismic hazard analysis used in the Gulf Coast r2gion. 1In
addition, the sections provide a description of the methodology
used both for the probabilistic hazard analysis and for the
deterrination of the design earthquakes for the facility. The
results of the probabilistic hazard analysis are presented in the
form of a table of accelerations for 100, 500 and 1000 year
return periods, and & graph of acceleration versus probability.
The computed accelerations are modified to represent effective
acceleration values on soil. Near and far field design
earthquakes are presented. In Section 3.6.2.2 appropriate
response spectra are developed.

3.6.2.1.3.1 Development of Seismic Hazard Analysis

Prior to the licensing of nuclear power plants, the guestion of
the degree of seismic hazard in areas of the United States with
low seismicity, sucih as northern Louisiana, was not of much
interest to the designers or owners of industrial or public
service facilities.

The seismic zone maps used in building codes reflected the
influence of practitioners from the far west. Those maps are
based primarily on the pattern of historic seismicity. The
Uniform Building Code Seismic Zonation Map places the CEC site in
Seismic Zone 1 which is characterized by minor damage from
distant earthquakes.
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The causes of earthquakes in central and c.:tern United States
are not well known. In this intraplate region, the causative
faults are not exposed at the surface and, with the exception of
the New Madrid Fault Zone, the occurrence rate of earthquakes is
not great enough to delineate the causative tectonic structures.
Also, until recently there were few seismic recording stations in
areas of low seismicity such as northern Louisiana. Lack of
recording stations results in a lack of detection of small
earthquakes and imprecise location of earthquakes that were
detected.

In the midwest and east, the concept of "tectonic provinces" is
relied upon to deal with the uncertainty regarding the causes and
location of future earthquakes. A tectonic province, as defined
in Appendix A to 10 CFR 100, is a region "characterized by a
relative consistency of geologic structures coniained therein".
For nuclear power plants, regulations require that seismic design
be based on the largest historical earthquake within the tectonic
province hosting the facility. As a minimum, the facility must
be designed for a peak horizontal acceleration of at least 0.1 g
and a NRC specified cdesign spectrum. In the Gulf Coast area,
gite-specific spectra were occasiona.ly proposed when the
applicant considered the NRC spectra inappropriate.

In 1984 the Electric Power Pesearch Institute (EPRI) began a
comprehersive study titled "An Evaluation of Seismic Source Zones
in the Eastern United States East of 105 degrees". This study
was in response to ccnsiderable research into the causes of
earthquakes in the central and eastern United States.

The study contributed significantly to the understanding of
intraplate seismicity in the United 3tates. Specific results of
the study included:

a. A catalog of central and eastern earthguakes with uniform
magnitude estimates.

b. A rationale for estimating the maximum earthguake for a
region rather than using the maximum historic earthguake.

e Advances in strong ground motion modeling.

d. Better understanding of seismic source zcnes.

A similar, parallel study was alsc performed by the Lawreice
Livermore Naticnal Laboratory (LLNL) (Reference 24). The current
state-of-the-art for seismic hazard analysis was developed frcm
both the EPRI study and the LLNL study.
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The RVT modeling used source scaling and attenuation properties
appropriate to the eastern United States. The use of RVT
moceling to derive ground motion parameters is becoming more
widespread (see S:ctions 3.5.21.3.3 and 3.6.2.2.4.3,3). The
method has been shown to correlate well with recorded data
depending on the source scaling and attenuation factors used.
Uncertainties arise in regions where source characterization and
seismic wave attenuation properties are poorly known.

Attenuation properties have been shown to be relatively uniform
throughout eastern North America with slight variations from
region to region (Singh, 1981, Dwyer, et al., 1983; References 54
and 46, respectively). Uncertainties in attenuation are not
likely to affect estimates of probabilistic ground motion in the
SAR.

The uncertainty in - surce scaling may have a greater effect than
variations in atte. .ation. The RVT source scaling used in this
study tends toward events richer in frequency and longer in
duration than other RVT source scaling models.

The RVT modeling was used to calculate ground motion parameters.
It was also used to help synthesize the far-field DBE. Basic
Newmark-Hall spectra for the far-field DBE were developed using
RVT scaling and then modified using amplification factors
developed using site-specific modeling (SHAKE).

3.6.2.1.3.4 Design Earthquake

The design earthquake is specified as having a 500-year return
period. The maximum acceleration for that return period is taken
directly from the probabilistic hazard results. Since the design
acceleration can be the result of a large distant event, a mode.t
close event, or many combinations in between, three design
earthguakes are investigated.

Local near-field earthguake

w

b. Mid-field earthquake centered 100 km (62 mi) from the site
c. Far-field earthquake from the New Madrid area

3.6.2.1.3.5 Seismotectonic Regions

As discussed in Section 3.6.2.1.3.2, a seismotectonic region
approach to seismic risk analysis is used for the seismic hazard
analysis. The seismotectonic regions wi“hin 320 km (200 miles)
are shown in Figure 3.6-17. The regions include:

a. Interior Salt Basin Region

b. Gulf Coast Region

3.6-29 July 1992



e L T e e e e e e e e e e e S 4 R R B R T AR — R e e R —

: ——- A —

nn UEOANRMATIAY ﬂf“mvf”
!3} ! 3 ba "{‘DA-:-:- = 5 S ' H
THE R IRTHIURSE IR Vi | |

RN

, . Central Texas Region

| d. Ouachita Region

e, Wichita - Arbuckle Region
. Reelfoot Rift

g. New Madrid Fault Zone

h. Central Stable Region

k7 Mississippi Embayment

; The individual seismotectonic regions defined within the south-
| central United States are briefly discussed in the following

_ paragraphs. For each source zone, a maximum magnitude (m,) is
; assigned which is typically greater than the maximum historic
earthquake magnitude for that source zone.

a. m, 7.4 represents events associated with well developed
rifts that can support fault lengths greater than 30 km (19 mi),
that have evidence of reactivation in the last 100 million years
and that open on one end to oceanic or extensional crust (e.g.

i 1811-1812 New Madrid).

- b. m, 6.8 represents events associated with rift structures
; surrounded by continental crust and with poorly defined features;
considered unable to support m, 7.4 events. If activity is low
{1000 year event << 6.8) then use 1000 year event.

; e m, 6.8 represents events associated with failure of a
significant thickness of brittle crust but in areas where

, inhomogeneities in the crustal structure and stress field prevent

| develcpment of an extended length of faulting (e.g. Charleston).

i d. m, 5.7 represents events associated with crystalline rock
areas where depths of focus are typically less than 10 km (6 mi)
(e.g. New Brunswick).

e. m 5.7 is used for source zones that have moderate
seismicity with some events in tha m, 4.0 to 5.7 range, but do
not display tectonics or seisnicity evidence of large
shroughgoing discontinuities in the brittle crust.

: fF m, 5.5 is used for source zones that capture little
seismicity, have a historic maximum earthquake less than m, 4.0.
: Because of insufficient evidence, the probabilistic anaiysis

a limits the maximum magnitude to less thanm, 5.5.

C g. m, 4.9 represents upper limit event, where enough evidence
' is available considering both historic seismicity and causative

3.6-30 July 1982
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mechanism, to imply that maximum m, < 5.0.

3.6.2.1.3.5.1 Interior Salt Basin Region

The CEC site is located within the Interior Salt Basin Fegion,
The Interior Salt Basin seismotectonic region is the area south
of the Gulf Coast Basin boundary fault system and north of the
Angelina-Caldwell Flexure in Texas and Louisiana and the Wiggins
Uplift in Mississippi. The Interior Salt Basin Region contains
three major salt dome basins (Mississippi, North Louisiana, and
East Texas). Other major structures include the Sabine ard
Monroe uplifts. The region is tectonically stable and is
currently in an emergent, erosional cycle. Some earthquakes have
been spatially and temporally associated with hydrocarbon
production,

The seismicity of the region is low. Only six earthquakes wich
magnitudes exceeding 3.5 have been reported in the arca. The
largest event to occur was a magnitude 4.1 earthquake which was
located more than 200 miles from the rite. The immediate site
area has lower seismicity than the Region as a whole. A
magnitude of 4.9 is used as the maximum magnitude for this region
in the hazar2 analysis.

The use of am = 4.9 maximum magnitude is based on seismicity
and tectonic considerations. The basis for assigning a maximum
likely earthquake of m, = 4.9 to the Interior Salt Basin Source
Zone is rooted in previous work by Law Engineering on
reevaluating seismic hazard in the central and eastern United
States (Law Engineering, 1986, SAR Reference 17). Evaluation of
maximum earthquake is based on regional seismicity ana naturzs »f
faulting.

The rate of earthguake activity in the region is
among the lowest east of the Rockies. 1In general, the rate of
modern scismicity is considered to be a reflection on seismicity
in the recent past and the near future. The computation of a
1000-year event is generally appropriate in areas of relatively
high seismicity (Nuttli and Herrmann, 1978). Nuttli and Herrmann
(1978) found that, in relatively active areas, the 1000-year
event was roughly equivalent to the maximum earthquake. The Gulf
Coast is not such an area.

The largest recorded earthquake within the Interior Salt Basin
had an m, = 4.1 which is 0.8 magnitude units below the assigned
maximum.
p The date of last movement of most faults in the region
is interpreted to be Eccene. In addition, most of the fault
movement was normal slip which is inferred to be related to salt
movement or sedimentation. 1In any case, such movement does not
coincide with the compressive stress field dominant in the
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3.6.2,3:3.5:3 Central Texas Region

I

The Central Texas seismotectonic region is the area south of the
wichita-Arbuckle Uplift, east of the Rio Grande Rift Zone and
west of the Mexia-Talco (boundary) Fault Zone. Major structures
include the Llano Uplift, the Permian Basin and several other
broad basins and arches. The Central Texas Region is a
tectonically stable platform area. The surface faults within the
region are considered inactive.

Seismicity of the region is low. Only eight earthquakes
exhibiting magnitudes in excess of 4.0 have occurred in the
historical record. The largest historic earthquake of the
Central Texas seismotectonic regicn was a magnitude 4.6, A
magnitude of 5.7 is used as the maximum magnitude for this region
in the hazard analysis.

3,6.2.1.3.5.4 Ouachita Region

The Quachita seismotectonic region is a belt of deformed rocks
south of the Central Stable Region, north of the boundary fault
system and east of the Arbuckle Mountains. The Quachita Region
is an orogenic belt composed of several over-thrust sheets of
tightly folded, metamorphosed Paleczoic sediments. The Ouachita
Trend is thought to extend eastward beneath the Ccastal Plain or
the Mis~iscippi Embayment, into the folded Appalachian Mountains.
This regional trend has numerous surface and subsurface faults;
however, the faults have not been directly correlated t»
earthquakes. The comparison of earthquake epicenters reveals
that earthgquakes have been widely distributed throughout the
region. Since the causative mechanisms of earthquakes in this
region are not well understood, all the folded areas within the
vuachita Region are arbitrarily considered to have equal
potential for earthquake occurrence. The largest historic
earthquake had a magnitude of 4.8. A magnitude of 5.7 is used as
the maximum magnitude for this region in the hazard analysis.

3.8.2.1:1.5.5 Wichita-Arbuckle Region

The Wichita-Arbuckle seismotectonic region is the area south of
the Central Stable Region, north of the Central Texas Region and
west of the Quachita Region. Major structures within the region
include the Wichita Uplif:, the Arbuckle M untains, the Anadarko
Basin and the Muenster Arch. The region includes a failed
Eocambrian aulacogen.

The Meers Fault lies within this source zone (more than 200 miles
from the site). The fault was discovered in the 1930s and is
evidenced at the surface by a long scarp. Quaternary
displacement has been inferred by some researchers. The maximum
magnitude range is estimated to be between 6.1 and 6.5.
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The seismicity of the Wichita-Arbuckle seismotectcnic region is
similar to that ¢f the Quachita seismotectonic region to the east
and is higher than the seismicity in the bordering regions to the
south. Five earthquakes with magnitudes exceeding 4.0 have
occurred in the region. The largest historic earthquake within
the region was a magnitude 4.8. A magnitude of 6.8 is used as
the maximum magnitude for this area in the hazard analysis.

3.6,2.,1:3.5.8 The Reelfoot Rift and New Madrid Fault Zone

The Reelfoot Rift is interpreted to be a failed arm of a late
Precambrian triple junction which has been reactivated during the
late Mesozoic. Seismic reflection, magnetic and gravity data
confirm the extent of -he Reelfoot Rift. Two parallel, linear
northeast trending magnetic and gravity anomalies are interpreted
as the signatures of plutons associated with the boundaries of
the central graben. Seismic data indicate that a zone of
disturbed basement reflections correlates with the present area
of active seismicity. The disturbed zone is interpreted to
disappear south of Marked Tree, Avkansas. The Rzelfoot Rift has
been interpreted to extend as far south as the Cuachita Region.

During the historical period, cver oae hundred earthquakes
exceeding epicentral intensity IV have been reported in the New
Madrid Fault Zone. The largest earthquakes in the south-central
United States occurred near New Madrid, Missouri during 1811-1812
and exhibited epicentral intensities of XII.

In forming seismic source zones, the above mentioned disturbed
zone containing the faults responsible for the large historic New
Madrid earthquakes is used as a separate source zone. The zone
is referred to as the New Madrid Fault 2Zone. The Reelfoot Rift's
central trunk (exclusive of the Saint Louis Arm and Wabash Arm)
is used in conjunction with the New Madrid Fault Zone cut out.

The Reelfoot Rift, with the New Madrid Fault Zone removed, had
four earthguakes with magnitude above 4.5 in the last century.
The largest historic earthquake was a magnitude 4.9 in 1903. A
magnitude of 6.8 is used as the maximum magnitude for this region
in the hazard analysis.

The New Madrid Fault Zone is responsible for the large New Madrid
Earthquakes of 1811 and 1812. The historic maximum event was a
m, 7.4 which is also the maximum earthquake used in the hazard

analysis.
3.6.2.1.3.5.7 Central Stable Region

The Central Stable seismotectonic region includes much of the
area east of the Rocky Mountains, north of the Wichita-Arbuckle
and Ouachita Mountains and west of the Ozark Plateau. Majos
structures include the Anadarko Basin and the southern half of
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the Nemaha Ridge. The region is tectcnically stable, sefgﬁﬁcity
is low and none of the fault zones chow surface displacements
during historic earthguakes.

During the historical recerd, four earthquakes exceeding
magnitude 4.0 have occurred within the Central Stable Region.

The largest earthquake occurred in 1882 near Ft. Gibson, Cklahoma
with an estimated magnitude of 5.5. A magnitude of 5.7 is used
as the maximum magnitude for this region in the hazard analysis.

3.6.2.1.3.5.8 The Mississippi Embayment

This source zone borders the Reelfoot Rift to the north and east.
The Embayment sediments overlie relatively horizontal Paleozoic
sediments similar to those in the Central Stable Zone. The zone
includes the Saint Louis and Wabash Arms of the Reelfoot Rift.
The zone has had thirteen historic earthguakes with magnitudes
above 4.5. The maximum historic earthguake had a magnitude of
5.4. A magnitude of 5.7 is used for the maximum magnitude for
this region in the hazard analysis.

3.6.2.2 Vibratory Ground Motion
3.6.2.2:3 Duration of Shaking |

From a seismological point of view, the duraciocn of shaking is a
function of magnitude and distance. The duration increases with
increased magnitude #nd decreases with distance /mostly through
geometrical and anelastic attenuation). The near-field DBE has a
duration of strong shaking of about 1 secon®. The mid-field DBE
has @ duration of about 4 to © seconds. The far-field DBE was
assigned a duration of about 26 seconds using a relationship
developed for RVT modeling by Herrmann (1985; Reference 26).

Professor H. Bolton Seed (1975), Reference 53, and his co-workers
developed the concept of the "eguivalent number of cycles" or the
"equivalent number of uniform cycles" to express the duratic of
an earthquake with regard to its impact on analyses of soil
liquefaction by his empirical approach. The irregular shear
stress time history computed in the sand at borings B-17 and B-27
created from application of two of the three design basis
earthquakes was analyzed for the equivalent number of uniform
stress cycles using Professor Seed’'s procedure with the following
results:

No: of F .valent

Earthguake Upiform iat 65% max. stress) Cycles
Far-field 26 (See Text)

Mid-field 7.5

Near-field 3.5
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The number of cycles associated with the far-field earthguake was
not determined from a calcu:ation herein, as was the number of
cycles for the mid-field and near-field earthquakes. This is
because actual recorded time histories from eastern north
American earthquakes were used to represent the latter .~o events
while no natural acceleration time-history is available Lo
represent the far-field event. Instead, a synthetic time history
scaled to the appropriate peak acceleration and of the
appropriate total duration (see earlier discussion above) was
used to represent the far-field event. The number of equivalent
cycles for earthguakes like the far-field event but recorded in
western north America and elsewhere has been determined by Prof.
Seed to be 26 cycles. This was the number of cycles used in the
analysis of soil liguefaction, which far exceeds the 7.5 and 3.5
cycles calculated for the mid-and near-field earthquakes,
respectively.

Thus, it is concluded that the impact of the duration of the
design basis earthquakes has been conservatively accounted for in
the analysis of soil ligquefaction.

3.8.2.2.2 Results of Probabilistic Seismic Hazard Analysis |

The probabilistic hazard analysis described in Section
3.6.2.1.3.2, was paxformed for the CEC site. Each Seismotectonic
Region described in Section 3.6.2.1.3.5 was used as a snurce
zone. The EPRI earthquake catalog was used to determine the
earthguakes which occurred in each zone. As mentioned in Section
3.6.2.1, instrumental magnitudes were used when available,
otherwise relatio:s for the central United States from Sibol
(Reference 44) are used to convert epicentral intensity and/or
felt area to magnitude. Half-magnitude intervals are used to
determine annual seismic activity rates for each zone (i.e.,
number of earthquakes having a magnitude ranging between 3.0 and
3.5, 3.5 and 4.0, 4.0 and 4.5, etc.). Catalog completeness for
the various magnitude intervals was determined using results from
the EPRT study.

The attenuation model is discussed in Section 3.6.2.1.3.2.
Figure 3.6-18 shows peak horizontal acceleration versus distance
curves generated by the model for m, magnitudes of 5.0 and 7.0.
A log-normal distribution of scatter was assumed for the
calculations, using a natural logarithm value of 0.4 for the
standard deviation (i.e., a multiplicative factor of 1.5 on
acceleration).

Figure 3.6-16 shows the curve of peak horizontal acceleration in
rock versus the annual probability of exceedence (P,) that
resulted from the seismic hazard analysis. The return period,

R., of a given value of acceleration is given by R, = 1/P,, and is
defined as the period of time in which the given acceleration has
a 63% probability of being exceeded. The values of acceleration
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associated with the return periods of 100, 500 and 1000 years are
shown in Figure 3.6-16 and given in Table 3.6-10.

Using the RVT model, horiz( tal ground motion was computed. A
conversion was then made tc determine the vertical ground motion.
Toro and McGuire (Reference 28) used central and eastern ground
motion data to compute a ratio of horizontal-to-vertical (H/V)
ratio. They defined the H/V ratio as the ratio of acceleration
from a horizontal component to the vertical component. Toro and
McGuire obtained an H/V ratio for acceleration of 1.4. This
ratio was also used for the EPRI study (Reference 42). For the
EPRI study, a H/V ratio of 1.4 was used to compute vertical
acceleration at bedrock. The computed values for vertical
acceleration at bedrock are shown in Table 3.6-10.

The results of the hazard analysis are in terms of peak
acceleration. This represents the highest peak in an
acceleration .ime history. However, cuamage from earthquakes is
generally associated with a value of acceleration sustained over
a period of time, not with a specific peak value. This effective
peak acceleration has been estimated by using some fraction of
the peak acceleration value. Nuttli (Reference 31) investigated
the relation between sustained maximum horizontal acceleration
and peak acceleration. Nuttli defines the sustai..ead horizontal
acceleration as the third largest value of acceleration observed
on a given accelerogram. Nuttli found that the sustained maximum
acceleration is 0.7 times the reak acceleration. For this
analysis, the effective peak acceleration is taken as 70% of the
peak acceleration.

In addition, an examination was made to determine the
contributions of the individual source zones to the total seismic
hazard. For the return period of 500 years, over 90% of the
hazard was contributed by four source zones:

a. New Madrid Fault Zore - 28%

b. Quachita Region -~ 23%

¢. Interior Salt Basin (region cortaining site) - 22%

1 Reelfoot Rift - 19%

Similar results are obtained for the 100 and 1000-year return
periods. These results indicate that the greatest hazard to the
site is represented by moderate to large earthquakes occurring at
distances of 100 km (62 mi) or more from the site.

The curve shown in Figure 3.6-16 represents peak norizontal
acceleration in rock. The CEC site is located in an 2—ea where a
deep column of soil overlays bedrock. A correction to .he peak
horizontal ground motion is made to account for the effect of the
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overlying soils. For this purpose, the analysis directly
computes the surface .esponse based on tha asite bedrock
accelerations and the actual site soil ccaditCions. Thess results
are presented in Section 3.6.2.2.4.

3.6.2.2.3 Design Earthquake |

The Design Basis Earthquake (DBE) represents the level .f
earthquake shaking at the CEC site with a return period of 500
years. As seen in Table 3,6-10, the peak horizontal acceleration
in rock associated with a 500 year return period is 0.046 g with
a corresponding effective acceleration of 0.033 g. The
propability for this level o. acceleration includes input from
both small near-field events and large fuv-field events. Since
the response spectra and duration of thes. types of earthquakes
are significantly different, three design carthquakes are
considered:

a. Near-field earthqguake - small magnitude, short duration
event

b, Mid-field earthquake - medium sized event approximately 100
km (62 mi) away

g, Far-tield earthquake - large magnitude, long duvaticn event

The near-.ield design basis earthquake (DBE) is defined as an
earthquake having a 500 year return period. No single earthquake
can be used to expres: -“e full spectrum of ground motion
expected at the site i 500 years, Therefore, three DBEs were
selected in order to provide the designer with appropriate input
to model the shaking. The near-field DBE represents a short
duration, relatively high vibration frequency event. The mid-
field DBE represents a moderate-duration, broad frequency event.
The far-field DBE represents a long duration, moderate to low
frequency event. In order to satisfy the 500 year return period,
the magnitude of the event must decrease as the site is
approached.

Tthe location and distance of the three DBEs was based on
magnitude and seismicity. For the mid and far-field DBEs, the
nearest part of two of the higher seismicity regions (Ouachita
Region and New Madrid Fault Zone) were gelected.

For the near-field DBE, the 500 year event in the Interior 3alt
Basin was selected, The 500 year event had a magnitude of m, =
4.3.

The earthguake is located at a basement depth of 5§ km or 3 mi,
The probability of the DBE event occurring as cles. as 15 km is
very low. The likelihood of the near-field DBE occurring
directly under the site is minuscule., If the magnitude 1is
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allowed to vary, the size (magnitude and duration) of a 500 year
return period earthqguake under the site is insiqnificant. This
event produces a peak horizontal acceleration at the site seismic
pasement of 0.045 g and has a return period of approximately 500
years. For the purposes of calculating surface response spectra,

the seismic basement is defined as material which consistently
has shear wave velocities graater than 2,500 ft/s.

For the mid-field event, the design earthquake is a m, 5.7
earthquake occurring 105 km (65 mi) from the CEC site in the
Ouachita Region. The m, 5.7 earthquake represents the maximum
earthquake for this region. The distance 105 km (65 mi)
represents the distance to the closest point of the Ouchita
Seismic Source Zone (see Figure 3.6-17). This event produces a
peak horizontal acceleration at the site seismic basement of 0,04
g and has a return period of approximately 500 years.

For the far-field event, the design earthquake is a m, 6.7
earthquake located at the closest point to the New Madrid Fault
Zone, a distar.ce of 365 km (227 mi) from the CEC site. An
earthquake of this size is choswen because it represents the 500~
year return period event for the source zone. This earthquake
produces a peak horizontal acceleration of 0.022 g at the seismic
basement of the site,

Estimates for the recurrence rate for earthquakes in the New
Madrid Fault Region are per various methods and references. The
methods car be broken into two types of study: statistical
analyses based on historical and instrumental earthquakes, and
pale~geismological studies using radiocarbon age dating to date
paluvvliquefacy  a events,

The earthqguake recurrence rates referenced by Reference 58,
Hamilton and Johnston (1990) are based on previous probabilistic
estimates by Reference 47, Johnston and Nava (1584). The m, >
7.0 recurrence rate of 550¢ 125 years is based on the seismicity
of a huge source zone (4' latitude by 3.8' longitude). This use
of a New Madrid Fault Zone source zone is much smaller, and
should be compared to the Johnston and Nava small source zone.
Johnston and Nava (1984) summarized various early recurrence
rates based on magnitude (Table 3.6-15). They warn that the
“results are not directly comparable because of difference in
magnitude, area normalization, cumulative versus non-cumulative
number of events, and varying time windows".

The work by Reference 31, Nuttli and Herrmann (1978), used
weighted least squares on a list of historical earthquakes to
develop recurrence rates. Their result have somewhat lower rates
than more recent statistical studies (see Table 3.6-15 and
Johnston and Nava (1984)) and results from paleoliquefaction
studies.
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References 50, 51. and 52, Russ (1978, 1979), has used trenching
to identify liguefaction events in the New Madrid meizoseismal
area prior to the 1811-1812 earthquake sequences. From an age
dating analysis of ligquefaction events, Russ (1979) states that
there were at least three m > 6.2 earthguakes in about 2000
years, (or, about a 500 year returr period).

Using the small source zone, Johnston and Nava (1984), Reference
47, mive the probability of m, » 7.0 as 0.2 to 1.0% in the next
50 years. 1In light of these studies, our use of m, = 6.7 far-
field DBRE at the nearest poiut of the New Madrid Fault Zone is
appropriate.

3.6.2.2.4 Uniform Building Code (UBC) Hazard Estimation |

The CEC site is located in UBC Seismic Zone 1 (Reference 32) as
shown on Figure *.6-19. Zone 1 has a Seismic Zone Factor of
0.075, which corresponds to the effective peak horizontal
acceleration in % g. This value represents a 10% probability of
erceedence in 50 years which is eguivalent to a 475-year return
period.

Figure 3.6-1% is based on the ATC-3 seismic zone map developed in
the late 1970s and early 1980s, but values of effective peak
scceleration conform with the 1985 UBC seismic zone factors. In
1988, the National Earthquake Hazards Reduction Program (NEHRP)
presented an updated version of the recommended provisions for
the development of seiemic regulations for new buildings. Two
sets of seismic zone maps were included for use. The first set
ig similar to the 1988 UBC map, but has more deta!l in the
definition of “fective pr k acceleration. In fact, one of these
maps, showing cours of uffective peak velocity-related
acceleration, .. used by tne 1988 Edition of the Standard
Brilding Code. From this map, the site has an effective peak
acceleration of 0.06 ¢. The second set of NEHRP maps, based on a
more recent study by the United States Geologic Survey, gives a
maximum acceleration for the site of approximately .04g for a
475-year return peri-A and .06 g for a 2300-year return per:od.

3.6.2.2.5 Site Response Spectra |

Site response spectra are deve.oped to estimate ground motions
resulting from near-field, mid-field and far-field earthquakes.
The ground motion parameters for these design earthquakes are
ceveloped in Section 13.6.2.1.3.3. Subsurface elastic parameters,
based on crosshule and downhole seismic testing, are combined
with elastic parameters estimated from geclogy information
contained in Section 3.6.1.2 to determine the ground motion
parameters. The downhole soil profiles are used in modeliny the
site-specific response spectra since downhole velocity
measurem nt more closely approximates the velocity encountered by
vertical.y propagating shear waves,.
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The horizontal and vertical response spectra for the nesar-field,
mid-field and far-field earthguakes for damping values of 0.2,
0.5, 2.0, 5.0 and 10.0 % are shown in Figures 3.6-20 through 3.6~
25, The response spectra represent actual earthquakes and are
not considered "envelope' or composite spectra.

Figures 3.6-26 and 3.6-27 compare the horizontal and vertical
corwonents of the three design earthquakes at 5.0 % damping. As
can te seen, the near-field earthquake response spectrum is below
the mid-field earthquake and far-field spectra at all
frequencies. The mid-field spectrum yields the highest spectral
amplitude at frequencies higher than approximately 1.5 Hz. The
far-field spectrum yields higher spectral amplitudes at
frequencies less than 1.5 Hz.

The following sections describe the generation of the response
spectra.

3.6.2.3.5.1 Generation of Response Spectra |

The near-field and mid-field response spectra are derived using
time histories of actual earthguakes which occurred in eastern
North America. For the far-field earthquake, which is an m, €.7
earthqguake located in the New Madrid Fault Zoue, no appropriate
time history of acceleration exists. An approach combining
artificially generated seismic traces and random vibration theory
is used to generate the response spectrum for the far-field
design earthquake.

Horizontal response spectra are generated using the site specific
gubsurface model described in Section 3.6.2.2.4.2; peak ground
accelerations for near-field, mid-field and far-field earthquakes
from the seismic hazard analysis; and the earth response analysis
computer program SHAKE (Reference 33).

Vertical response spect. are also generated for the near, mid
and far field earthquakes. The procedure for generating vertical
response spectrum involves modeling the horizontal response
spectrum first, and then using the resulting shear velocities,
with the Poisson’'s Ratios calculated from the geophysical
surveys, to generate appropriate compression wave velocities at
the effective strain levels. The compression wave velocities
were used in place of the shear velocities and a vertical
component time history was used as input to SHAKE.

3.6.2.2.5.2 Subsurface Model |
The seismic parameters for subsurface soil columns at three
locations at the CEC site are described in Section 3.6,1.3.2.1.

These soil columns are used to develop three subsurface models
for input to the SHAKE program.
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The interpreted layered models are baséd on measured compressism -
and shear wave velocity. unit weights and composition of the
goils. The models extend from grade level (elevation 324+6) to a
depth of approximately 1,500 feet (depth of interpreted "seismic
basement'). For the purpose of calculating response spectra, the
"gseiumic basement” is defined as material which consistently has
shear wave velocities greater than 2,500 ft/s,

The site subsurface models are integrated from seismic crosshole
data, seismic downhole data, boring logs, geotechnical
measurements and geophysica’ loys from nearby oil fields. Each
mcdel layer has constant properties with depth as well as
simplified geoclogy.

Tests of the subsurface models using different earthquake time
histories demonstrated that the different models resulted in very
little difference in the generated response spectra. Based on
this finding, a single subsurface model is used to represent the
entire CEC site. The subsurface model is described in Table 3.6~
Ads

3.6.2.2.5.3 Selection and Generation of Time Histories

The DBEs used .3 this study were defined as events with a 10%
probability of exceedence in 50 years (a 500 year return peried) ;
therefore, the uacertainty in the occurrence of the DBE is fixed
by definition. The location of the near-field DBE was calculated
using a 2374 year return period.

The SHAKE program uses time histories recorded by strong ground
motion instruments during actual earthguakes. The time histories
are scaled to appropriate bedrock accelerations by the
probabilistic methods described in Section 3.6.2.1.3.2 .

The response shape from eastern North America earthquakes is
significantly different from western North America earthquakes.
The response shape difference is due to differences in earthquake
source shapes and attenuation rates. Based on these differences,
it is important that time histories and ground motion relations
used in the generation of the site response spectra are specific
to eastern North America. Since 1982, a variety of appropriate
earthquakes have been recorded in Canada and the eastern United
Gtates. Time traces from several of these events are used in the
development ¢f site response spectra.

The design basis earthquake (DBEs) were defined as :hose events
which occcur with a return period of 500 years. The bedrock
acceleration for other return periods is shown in Figure 3.6-16.
Because the probabilistic seismic ground motion at the site is a
sum of all the probabilities of earthquakes from maay source
zones, no sinole DBE can represent shaking at the site. For this
reason, multiple DBEs were considered. For the same reason, the
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can be modeled using available bedrock acceleration time
higtories. The acceleration time histories (Figures 3.6-42 and
1,6-43) used for the near field DBE was from a magnitude 4.8
aftershock of the March 31, 1982 New Brunswick earthguake. These
time histories are particularly rich in high frequency energy.
The station selected was located on bedrock approximately 4 km
(2.5 mi) from the epicenter (Reference 34). The transverse and
vertical components of acceleration were used as input to SHAKE.

The near-field horizonta. time history was scaled to a peak
horizontal bedrock acceleraticn of 0.045 g in the SHAYE program.
The vertical time history was scaled to a peak bedrock
acceleration of 0.032 ¢.

For damping values less than 10%, the response spectra generated
by SHAKE were smoothed. This was done by dividing the given
response spectrum by the 10% damped spectrum, to remove the
genera) spectral shape, and then applying a three-point moving
average three times to the resulting trace. Multiplication of
the result by the 10% damped resgonse spectrum then gives the
smoothed spectrum.

3,6,2.2.8.3.2 Mid-field Time History Sslevtion |

The mid-field DBE was placed at the near edge of the Ouachita
Region at a distance of about 105 km. In order to effectively
simulate the frequency content and duration of shaking from an
event of magnitude 5.7 originatiny from the Ouachita Region,
acceleration time histories from the 1988 Saguenay, Quebec
earthquake (m, = 5.9) were used (Figures 3.6-44 and 3.6-45).

Time histories from strong motion records recorded during the m,
§.9 earthquake in Saguenay, Province of Quebec, is used for the
mid-field earthquake. Recordings from six stations with
epicentral distances varying from 64 to 149 km (40 to 93 miles)
were examined. The stations were mostly surface sites located on
pedrock. The station at Riviere-Oelle, Quebec, approximately 114
¥km (71 mi) from the epicenter was selected to represent the mid-
field earthquake (Reference 35).

The horizontal time history was scaled to a peak bedrock
acceleration of 0.040 g in the SHAKE program. The vertical time
history was scaled to a peak acceleration of 0.028 g. The
resulting response spectra were then smoothed as described for
the necar-field spectra.

3.6.2.2.5.3.1 Far-field Tire History Generation |

The far field DBE was placed at the near edge of the New Madrid
Fault Zone. Since no acceleration time histories for an
earthquake of this magnitude (m, = 6.7) at about 365 km in a
region with low anelastic attenuation rate are available, a
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earthquake and 0.44 Hz for the mid-field earthqguake). The
presented near-field and mid-field response spectra are comprised
of the earthquake response spectra ab.ve the appropriate
frequency and the adjusted surface Newmark-Hall spectra below
that freguency.

3.6.2.2.5.5 High Frequency Pseudo-Relative Velocity |
Adjustment

At high freguencies, the pseudo-relative velocity response is
determined directly from peak acceleration, regardless of the
damping level (i.e., the peak response acceleration equals the
peak ground acceleration). Using events from western North
America, Newmark and Hall (Reference 36) determined that this
relation holds at frequencies higher than 23 Hz. However,
earthquakes generated in eastern North America generally have
gource spectra richer in higher frequencies, with lower rates of
attenuation. Therefore, the frequency at which peak response
acceleration equals peak ground acceleration is higher in eastern
North America. Based on recommendations from Bernreuter
(Reference 24), the response spectra used a frequency of 100 Hz,

3.,6.2.3 Surface Faulting

As discussed in Section 3.6.1.2.2, faulting has not been active
in Claiborne Parish since the Middle Tertiary. Therefore, a
design basis for surface favlting is not applicable for the gite.

3.6.2.4 Subsurface Stability

Subzurface soil data fro:: the soil test borings, CPTs and
laboratory test data were carefully assessed in order to
understand the soil stratigraphy and properties. Information
obtained in this assessment is discussed in this section.

3.6,2.4.1 Geologic Features

Several subsurface soil profiles are developed to help visualize
the soil stratigraphy at various sections crossing the site.
Figure 3.6-28 shows the location of the subsurface soil profiles.
Individual subsurface soil profiles are presented in Figures 3.6~
29 through Figure 3.6-35,

The cross sections of Figures 3,6-29 through 3.6-35 were all
constructed by schematically placing the location 2f the test
borings on the line of the sections, whose locations are
generally depicted on Figure 3.6-28, (Please note that the
location of Section F-F (Figure 3.6-34) is not shown on Figure
3.6-28 but is shown on Figure 3.6-37).

The test boring horizontal locations on the sections are not
plotted accerding to a scale, but the horizontal distance between
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I1IB Stiff to Hard Dark Brown Clayey SILT 1§ - 25
(ML) with Light Gray Silty Fine Sand
partings
Y Firm to Dense Light Gray, Yellowish 25 - 5§

Brown and Reddish Brown sil:¥ Fine
SAND (8M) with Light Gray Siity Clay
partingy and Seams

v Dense to Very Dense Greenish Gray 25 -~ 85
Silty Fine SAND (S8M) With FSilty Clay
Partings and Seams

Vi Hard Dark Greenish Gray silty CLAY 55 - TOB
(CL) Laminated With Greenish Gray
8ilty Fine Sand Partings

. Unified Soil Classification System Designation
.. Termination of Boring

Figure 3.6-36 locates soil test borings, CPTs and test pits
relative to the Separations Building and Centrifuge Assembly
Building (CAB). Figures 3.6-29, 3.6-30 and 3.6-33 present
subsurface soil profiles along the lines designated as A-A, B-B
and E-E on Figure 3.6-36. Profiles A-A and B-B illustrate
subsurface condicions from west to east, and Profile E-E depicts
conditions from north to south.

variations within individual soil strata and transitions between
strata are evaluated using the CPT records which provide
continuous data with depth. Figures 3.6-9, 3.6-10 and 3.6-11
present a comparison of CPT data with adjacent soil test borings
B-€6, B~18 and B-36.

The properties of the individual soil strata are discussed below
with reference to the apove soil strata summary, soil test boring
records and the results of laboratory tests,

Stratum I, surficial topsoil consisting of very loose to very
firm light brown silty fine sand with a trace of corganics, was
encountered in the upper .. to 10 feet. The average thickress of
this stratum is 4 feet. “"is stratum has standard penetration
test (SPT) blow counts ranging from 3 to 28 blows per foot (bpf).
The percentage of soil finer than the No. 200 sieve is between 15
to 30 percent. A standard Proctor maximum density of 110
pounds per cubic foot (pcf) at 12 percent optimum moisture and a
CBR of 11 were determined for a bulk sample from Test Pit TP-3.

Stratum II, stiff to very stiff light gray, yellowish brown and
reddish brown silty to sandy clay, was encountered between 4 to
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10 feet below the surface. Atterberg limits tests indicate th.s
goil is a madium plasticity clay. Liquid limits are ia the range
of 32 to 41 percent, plastic limits range from 17 to 26 percent
and plasticity index is 13 to 23 percent. Percent fines vary
more, ranging from 54 to 89 percent. Percentages of sand, silt

and clay portions are very close, varying by less than 10
percent.

Undrained shear strepgth, measured by unconsolidated-undrained
triaxial shear strength tests, ranges from 1400 to 3100 pounds
per square foot (pef) and averages 2500 psf. Dry density and
nat.ral moisture content average 106 pcf and 21 percent,
respectively.

The resuits of two swell tests indicate a low swell pressure of
approximately 500 psf and a percent swell of less than 1 percent
at a confining pressure of 100 psf. Consolidation tests show the
clay to be over consolidated with a preconsolidation pressure of
9500 psf and an overconscolidation ratio (OCR) of 6.1 to 8.6.

Two pH and resistivity tests indicate a pH range from 2.9 to 3.8
and a resistivity value from 16,029 to 28,972 ohm-cm.

Standard Procto: maximum dry density is 105 pef at an optimum
moisture content of 18 percent for a bulk sample from Test FPit
TP-4. A CBR value of 5 was determined for the recompacted

sample,

Soil samples of Stratum II soils, obtained from Test Pit TP-12
and Soil Test Boring B-24, were recompacted at optimum moisture
content to 95 percent of the scandard Proctor maximum dry
density. Permeability tests on these recompacted samples
resulted in coefficients of permeability between 2.13 x 107 and
3.89 x 0" centimeters per second (cm/sec). The Stratum II

soils can therefore be considered to have relative permeabilities
which are very low to impermeable.

An undrained shear strength of 1250 to 1500 psf and a friction
angle of 22 to 25 degrees will be used for analysis of long term
slope stability for the recompacted Stratum II £ill soil.

Stratum III consists primarily of stiff to hard brown and dark
brown clayey silt between depths of 10 to 25 feet. 1In some
locations, there are alternate seams of firm to very firm light
gray silty fine sand in the upper portion of Stratum III. This
upper Stratum IIIA is approximately 6 feet thick and tends to
grade into the lower Stratum IIIB, which is darker brown and
contains only thin partings of silty fine sand. Laterally,
styatum III thins to the east and south, eventually disappearing
outside the Process Area.
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Properties of the clayey silt portion of Stratum IIJ tend to
vary. Atterberg limits are in the range of 33 to 48 percent for
liguid limit, 24 to 41 percent for plastic limit, and 2 to 17
percent for plasticity index. The degree of plasticity vacies
from slight to medium. The percent fines in the test samples are
typically 85 percent, but were as low as 68 percent.

Undrained shear strength measured by unconsolidated-undrained
triaxial tests ranges from 1300 to 4700 psf and averages 2800
psf. The lower test value of shear strength, 1300 psf, was

obteined in the upper Stratum IIIA. There is a trend towards
increased shear strength with depth. Dry density and natural
moisture content average 94 pcf and 26 percent, respectively.

The results of two swell tests showed opposite extremes at the
two depths tested. Near the middle of the stratum, swell
pressure and percent swell were low at 400 psf and one half
percent. Test results at the lower depth near the bottom of the
stratum indicate 2000 psf of swell pressure and 6 percent swell
at 100 psf confining pressure. Consolidation tests show the soil
to be over-consolidated with a preconsolidation pressure of 8000
to 9000 psf and an OCR of 2.8 to 3.7,

Four pH and resistivity tests indicate low pH values in the range
of 2.9 to 3.8. Resistivity values were split between a low of
1000 ohm-cm to a high near 12,500 ohm-cm. The low pH and
resistivity values combine to result in a high corrosion
potential.

Bulk samples from TP-2 were recompacted and tested for standard
Proctor maximum dry density, optimum moisture content and CBR
value. The test results indicate a maximum dry density of 100
pcf at 18 percent optimum moisture and a CBR value of 6.

Stratum IV, firm to dense light gray, yellowish brown and reddish
brown silty fine sand with light gray silty clay partings and
seams, was encountered between 25 to 55 feet below the surface.
This stratum is the result of weathering of the underlying
Stratum V. Both strata occupy the same horizon, with Stratum IV
becoming thicker to the east and thinning to the west.

SPT blow counts within Stratum IV vary from 4 to greater than 50
bpf. In general, SPT blow counts were lower in the weathered
Stratum IV compared with the unweathered Stratum V. Grain size
analysis show the gradation to be very uniform fine grained sand
with percent fines ranging from 12 to 47 percent. Typically, tl:
percent fines should be 15 to 25 percent. The higher test values
are believed to be a result of the silty clay seams and samples
obtained in transition zones grading from the overlying Stratum
II and Stratum III soils.
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The results of four consolidated-undrained triaxial compression
tests indicate an effective cohesion and friction angle nf 500
psf and 32 degrees. Dry density and natural moisture content are
103 pecf and 24 percent, respectively.

Stratum V, dense to very dense greenish gray silty fine sand with
silty clay partings and seams, occupies the same soil horizon as
Stratum IV, but is predominantly to the west and disappears to
the east side of the Process Area. SPT blow counts varied from
20 to greater than 50 bpf. This unweathered stratum has notably
higher SPT values compared with Stratum IV. Grain size analys’s
show a similarly uniform fine sand, and percent fines ranging
from 12 to 45 percent.

T™wo consolidated-undrained triaxial compression tests indicate
the influence of the silty clay. One test was similar to Stratum
IV with an effective cohesion and friction angle of 700 psf and
29 degrees. The second test resulted in an effective cohesion
and friction angle of 2500 psf and 16 degrees. Dry density and
natural moisture content are 93 pcf and 26 percent, respectively.

Stratum VI, hard to very hard greenish gray silty clay laminated
with greenish gray silty fine sand partings, was typically
encountered between elevation 280 and 290 feet above MSL, roughly
55 feet below the surface. No soil strength or classification
tests were performed on this strata because of its high strength
and the difficulty in preparing the laminated samples without
damaging them. In addition o high strength, the Stratum V1 soil
has very low compressibility. SPT blow counts typically are
greater than 50 bpf with pocket penetrometer readings greater
than 4.5 tsf, indicating shear strengths above 4500 psf.

3.6,.2.4.1.2 Support Facilities
subsurface soil conditions in the area of the Support Facilities

(i.e., Office Building, Cylinder Receipt and Dispatch Building,
etc) are summarized below:

Average
Stratum No. Rescription Repth (Ft)
b TOPSOIL: Very Loose to Firm 0 - 4
Light Brown Silty SAND (SM) With
Trace Organics
11 Stiff to Very Stiff Light Gray. 4 - 16
Yellowish and Reddish Brown Silty
to Sandy CLAY (CL)
v Firm to Dense Light Gray, Yellowish 16 - 33

Brown and Reddish Brown Silty Fine
SAND (SM) With Light Gray Silty
Partings and Seams
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The properties of the individual strata in the Mold-Up Basin are
the same as described earlisr in Subsection 3.6.2.4.1.1, except
for the new Stratum VII.

Stratum VII, firm to stiff light gray and yellowish brown clayey
gilt with silty fine sand seams and partings, was encountered
between B and 13 feet below the surface. Atterberg limits
indicate medium plasticity with liguid limit of 45 percent,
plastic limit of 30 percent and plasticity index of 15 percent,
Grain size analysis shows approximately 8% percent fines with 25
percent clay size and 60 percent silt size. The upper portion of
the stratum tends to become sandy grading into silty fine sand.

Undrained shear strength measured by unconsolidated-undrained
triaxial compression tests ranges from 1100 to 1900 psf. Dry
density and natural moisture content are 87 pcf and 37 percent,
respectively.

standard Proctor maximum dry density is 91 pcf at an optimum
moisture content of 22 percent for a bulk sample from Test Pit
TP-11. A CBR value of 5 was determined for the recompacted
sample.

Soil samples of Stratum VII soils, obtained from Test Pit TP-12
and Soil Test Bering B-53, were recompacted at optimum moisture
content to 95 percent cof the standard Proctor maximum dry
density. Permeability tests on these recompacted samples
resulted in coefficients of permeability between 3.42 x 1077 and
1.53 x 10" em/sec. These values are considered to be very low.

An undrained shear strength »f 1000 psf and a friction angle of
22 degrees is used for the analysis of long term slope stability
of the Hold-Up Basin earthen dam.

3.6.2.4.1.5 Groundwater

water level readings were recorded at the site between March 31,
1990 and April 12, 1990. Measurements were recorded daily from
temporary piezometers instal®ed in Test Borings B-10, B-24, B-40
and B-48. The locations of the piezometers were selected to
cotain groundwater levels that would be representative of
ccrditions in each area of the developed site. Additional
groundwater data were obtained from the existing subsurface Soil
Test Borings A-1 through A-13 drilled between July 28, 1989 and
August 8, 1989.

Water level readings are gu.marized in Table 3.6-2. Groundwater
levels were found *o be influenced by the surface drainage
features and existing ground elevation. 1In the Process Area and
north end of the Support Facilities Area, groundwater elevation
is approximately 305 to 315 feet above MSL. Groundwater
elevations drop to between 285 to 300 feet above MSL moving south
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Location of the Hold-up Basin in the southwest corner of the site
is strategically located to collect runoff which drains to the
southwest through drainages south and west of the planned
facilities. The topography of the natural drainage is also
particularly suited to construction of the earthen embankment, as
is evident by the many similarly constructed ponds in the area.

3.6.2.4.2.2 Site Grading and Fill Material

Soils which are classified as Stratum I soils, namely Lhe
topsoil, will be excavated and removed from the constructicn
area, prior te the start of cut and fill operations. The depth
of this stratum encountered in the soil test borings varied from
0 to 10 feet below the natural grade. This stratum is generally
high in silt and organic content.

The cite will then be graded to its final elevation (324+6)
utilizing the Stratum II soils at higher elevations for fill in
the lower areas.

Existing site grudes in the Process Area and north end of the
Support Facilities Area generally average elevation 32540 to
3140+0. Removal of approximately 0 to 14 feet of overburden soils
will be required to obtain a rough design site grade at elevation
324+6.

All other arcas of the site will require additional fill.
Approximately 0 to 30 feet of fill will be required in the Tail
Storage Area and roughly 0 to 20 feet of fill in the Support
Facilities Area. Additional fill will also be required to
construct the earthen dam for the Hold-Up Basin.

All compacted fill is constructed by spreading acceptable soils
in loose layers not more than 8 inches in thickness. The soils
used within the proposed structure areas and for the earthen dam
is compacted to a minimum of 95 percent of the maximum dry
density as determined by the Standard Proctor Method (ASTM D 698)
and to within +2 or -2 percentage points of the optimum moisture
content. Soils placed o tside the proposed structure areas are
compacted to a minimum of 90 percent of the maximum Standard
Proctor dry density within +2 or -2 percentage points of optimum
moisture content.

Prior to fill placement, the subgrade will be scarified and
recompacted to ensure good bonding between the subgrade and the
compacted fill material. Proofrolling of the entire site is not
required; however, if rutted or loose areas develop during the
construction, these areas will be proofrolled.

A representative sample of the Stratum II silty to sandy clay
soil was tested for use as structural fill and was found to be
suitable. Additional reoresentative samples of soil will be
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tested during construction to ensure the continued suitability of
the fill material.

3,6.2.4.2.3 Uniform Building Code (UBC) foil Profile Type

The UBC soil profile type is S, based on the geotechnical data.
UBC (Reference 32) Table No. 23-J recommends use of an § Factor
of 1.2.

3.6.2.4.3 Foundation Reguirements

The foundation for the Separations Building consists of isolated
footings for columns and sensitive equipment (i.e., centrifuges
and autoclavee), and grade besms or strip fcotings along building
walls. The foundations for ancillary (support) facilities are a
combination of isolated footings, strip footings, combined
footings and mat foundations.

3.6.2.4.3.1 Foundation Design

The minimum bearing depth for shallow foundations is
approximately 4 feet below the proposed final grade of elevation
324+6. Special provisions to mitigate swelling or frost related
heave of the subgrade soil are no% required.  wvell potential
measured in the laboratory tests is low, and the depth of frost
in north Louisiana is zero. Shallow foundations in the Process
Area will be supported primarily in the natural Str‘*um III,
gtiff to very stiff dark brown clayey silt. The sha.low
foundations for the CAB and the extreme east end of the
Separations Building will obtain bearing in the natural Stratum
11, stiff to very stiff silty to sandy clay. Buildings and
structures in the Support Facilities Area will be supported on
compacted Stratum II fill soil.

Footing dimensions, based on total loads, are designed for a
maximum allowable net bearing pressure of 4000 psf when supported
in the natural Stratum II or III scil. A 3000 psf maximum
allowable net bearing pressure is used for the design of wall
strip footings in the same natural soils., Footings supported in
compacted Stratum II £ill soil is designed for a maximum
allowable net bearing pressure of 2000 psf. Maximum allowable
net bearing pressures is increased by 20 percent for transient
loading conditions such as wind or seismic. Minimum foundation
gidtha are 24 inches for column footings and 18 inches for wall
ootings.

The recommended maximum allowable net bearing pressures are based
on individual spread footings. Spread footings located adjacent
to or near other footings have ‘ower bearing capacities than
those recommended above. Additional bearinrg capacity analyses is
conducted if the individual spread footings are located such that
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decreases with increasing depth to about 35 feet below the
existing ground surface, then increases.

The soils at the referenced borings are evaluated for
liguefaction resistance based on the standardized penetration
resistances; the resul.s are shown on Figure 3.6-41. All the
computed safety factors against liguefaction exceed 1.5, and thus
indicate negligible™ otential for liquefaction or induced pore
pressures.

It is recognized that Seed’'s data are largely from the west coast
and other very active, high strain-rate, generally interplate or
plate-marginal seismic zones. The site is a low activity,
interplate zone Thus, some differences in seismic source
characterietics (mechanisms, focal depths, stress drops) can be
expected. It is unknown as to the effects of these differences
upon the results obtaiaed using Seed’'s method for the site
environment. However, Seed’'s methods were shown to work well in
predicting liquefaction and ground failures associated with the
1988 Saguenay, Quebec earthquake (Tuttle et.al., 1990, SAR
Reference 62). This suggests that Seed's methods can be
successfully anplied to liguefaction problems associated with
east coast ear  .guakes.

An alternative to Seed’'s method is the cyclic strain method. A
cyclic strain approach to the ligquefaction problem (Dobry, et.
al., 1982, SAR Reference 60) is based on the premise that pore
water pressure buildup during cyclic shear loading of sand is
controlled mainly by the magnitude of the cyclic shear strain.
This premise leads to the conclusion that shear modulus is the
main parameter controlling pore water pressure buildup in the
field. An important practical conseguence is that measurements
of in-situ modulus at small strains, which can be cbtained from
geophysical measurements of shear wave velocity, should be used
for predict’ng pore pressures.

The method requires estimating both the seismic strain induced in
the sand layer and the effective shear modulus of the layer
during the earthquake. The method is based on measuring the
shear modulus (computed from the shear wave velocity) in-situ at
small strains, G.,., using geophysical techniques, and on
performing cyclic strain-controlled tests in the laboratory to
determine: (1) the modulus reduction values, G/G.,. (ii) the
value of threshold strain at which pore pressure increases begin,
and (iii) the pore watar pressure buildup "ersus cyclic shear
strain and number of cycles.

Dobry, et.al., (1982, SAR Reference 60) state that the modulus
reduction curve for sand given by Seed and Idriss (1971, SAR
Reference 38) and used in the SHAKE computations for this project
has been confirmed by other investigators. Thus, the Seed ana
Tdriss modulus reduction curve can be used for calculations of
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TABLE 3616 ~
EARTHQUAKE RECORDS USED FOR SITE RESPONSE ANALYSES
DISTANCE FROM SCALED COMPUTER CEC 97E
ZONE OF Ag SCALED SCALED SURFACE A__
RECORDING DURATIOM  ENERGY RELEASE g Yoo oISy q
FARTHQUAKE SITE GEOLOGY  MAGNITUDE (SEC) {miles) {PEAX {cmis) {em) (PEAK)
MNear-Field Mitchell Road Bedrock m, =48 ) 25 D45 hor 054 0815 2021 hor
New Brunswick 033 ver 017 0.004 0.0098 ver
3.31.82
WMid-Fletd Riviere-Ouelle, Bedrock m, =59 45 ks 040 hor 220 628 0.046 hor
Saguenay Quebec 028 ver 1.57 014 0.041 ver
11-25-88
Far-Field NA NA m, =67 26 227 022 hor - - 0.024 hor
(Synthetic) D157 ver - - 0.027 ver
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TABLE 16-17 g HIEY N3
SUBSIDENCE AND EARTHQUAKES ASSOCIATED WITH FLUID WITHDRAWAL B R o ] ‘J:
FIELD LOCATION DATE PREVIOUS MAXIMUM MAGNITUDE OF REFERENCES
PRODUCTION  SUBSIDENCE ASSOCIATED
EARTHQUAKES
Sour Lake W. of Beaumont, TX 1925 73 MMbbi 50m e Sellards (1930). National Oit Scouts of
Amenca (1931), Sheets (1947)
e Houston, TX 1943-1974 ground watar 2m - Gustavson and Kreitler (1976),
Verbeek and Clanton (1981)
Chocolate Bayou S, of Houston, TX 1944-1974 —_ 0.5m — Gnmsrud, et al. (1978)
Goose Creek E. of Houston, TX 1944-1974 - o smail Pratt and Johnson (1926}, Yerkes and
Castle (1976}
Mexia, Wortham Mexia, TX 1932 112 MMbbi — 3s Sellards (1933), Yerkes and Castle
{19786)
East Texas Giadewater, TX 1957 3.5 Bbbl —eee 40252525  Docekal (1970}, Yerkes and Castie
(1976)
imogene (gas}; Fiashing and 1973-1984 -— —_ 3934 Penninglon et al. (1986)
Flashing (oil} Pleasanton, TX

Source: Davis et al. (1989)

Magnitudes caiculated using relationships developed by Sibol et al (1987)
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