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April 10, 1984

RBG~-17,552
File No. G9.5,
G9.8.6.2

Mr. Harold R. Denton, Director
Office of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Dear Mr. Denton:

River Bend Station = Unit 1
Docket No. 50-458

Enclosed are the results of Gulf States Utilities Company
(GSU) studies regarding the effect on plant structures and slopes
of ponding in the Unit 2 excavation. These studies respond to
open items identified in the Draft Safety Evaluation Report
(DSER) by the Environmental and Hydrological Engineering Branch
(EHEB) and the Structural and Geotechnical Engineering Branch
(SGEB). The analyses indicate, as described in the revised Final
Safety Analysis Report (FSAR) text, ponding in the excavation
area will not affect the structural integrity of adjacent plant
structures nor will maximum ground water levels affect any other
River Bend Station (RBS) structures if a berm is constructed
around the excavation area. Hence, GSU will place a berm around
the Unit 2 excavation Lo prevent runoff flow into the area and
maintain plant structural integrity. Enclosure 1 addresses the
methodology, analysis, and results of the ponding study,
including the addition of a berm. Enclosure 2 addresses the
stability of plant slopes. The revisions indicated in this
transmittal will be incorporated in a future FSAR amendment.

Sincerely,

Jg{ E. Booker

Manager-Engineering

Nuclear Fuels & Licensing

River Bend Nuclear Group
JEB/WJR/JWL/ je
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RBS FSAR

2.4.2.3 Effects of Local Intense Precipitation
B e

An analysis of plant drainage was performed to determine
whether safety-related equipment could be flooded during an
occurrence of the probable maximum precipitation (PMP). The
following discussion pertains to flooding in the immediate
plant area. Flooding of local streams, in combination with
severe seismic events, is discussed in Section 2.4.3.

Safety-related equipment at the River Bend Station 1is
located in buildings protected from floodwater entry or
situated at a minimum elevation of 98 ft msl. The design
basis flood 1levels of buildings housing safety-related
equipment are presented in Table 3.4-1. Finish grade at the
edge of pl!ant buildings is about 95 ft msl. The elevation
of _the road surroundi:gyge varies from 94 to
100 ft msl. GCrassed areas between buildings and roads are
at 93 to 94 ft msl. Railroad spurs in the plant area have a
top-of-rail elevation of 95 ft msl.

patterns. The area that could produce runoff accumulation
near plant buildings 1is outlined. Normal plant area
drainage 1s effected by directing runoff into the storm
drain system, drainage ditches, and culverts. All local
runoff is conveyed to West Creek or East Creek. There are
no onsite areas which could produce ponding of runoff to an
elevation greater than 96 ft msl.!b

l Fig. 2.4-6 shows the immediate plant area and drainage

During an extreme meteorological event, such as the PMP, a
portion of storm runoff in the easterny’area of the site

wouldgfdrain to the storm rain system.\ For a reinfall
intensity greater than the storm drain capacity W
-ft

water would pond to 94 ft msl, then overflow a 1, ong
southeast portion of the ring road to the loy area west of
the cooling towers and east of the plant.¢/Water ponded in

this area would overtop a section of the
cooling tower access road between 93 and 94 ft msl and flow
directly to East Creek. t is un ely that runo from the

eastern area of the site would top the railroad track and‘
flow to the Unit 2 excavation.

PMP runoff in tﬁ:‘construction parking
area, immediately north of the plant, would drain to West
Creek via culvert or overland flow. The remainder of the
area would drain to a paved ditch along the east, south, and
west embankments. A single 24-in-diameter culvert currently
provides conveyance of runoff from this ditch to West Creek

(see Figure 2.4-6). The culvert is located beneath the
intersection of the plant ring road and the West Plant

Amendment 11 2.4-12 January 1984
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2.4.2.3.1 Effects on Safety-Related Equipment

Insert 2 for Page 2.4-12

plant buildings

Insert 3 for Page 2.4-12
Overland runoff can enter West Creek by overtopping a railroad

spur at 95 feet msl; it can enter East Creek by overtopping the
Cooling Tower Access Road at 93.3 feet msl.

Insert 4 for Page 2.4-12

enter the storm drain system and flow to East Creek.

Insert 5 for Page 2.4-12

northwest corner of the

Insert 6 for Page 2.4-12

parking



RBS FSAR

Py

e Access Road, at the northwest corner of the immediate plant
IﬁFRT 1 s S

PMP runoff in the area of the Unit 2 excavation would be
partially intercepted by the storm drain system (flowing to
West Creek)./ and partially drain to the excavation or entéi*jhf’
Lthe excavation as direct rainfall.

In the event the Upnit 2 excavation is »filled to grade
(approximately 94 ft msl), storm runoff could pond to a
maximum elevation of approximately 95 ft msl in the Unit 2
area before it would overflow the surrounding railroad track |!!
INSERT 3 and enter West or East Creeks. »ZThere are no postulated
flood conditions that would inhibit these runoff paths.

INSERT

(2%

As discussed 1in Section 2.4.3, there 1is no flooding
condition on West Creek which produces a water elevation
above the top of the Fabriform channel, and water does not
enter the plant area from any postulated condition of stream
flooding.

O Amendment 11 2.4-12a January 1984
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1f this culvert became clogged, runoff would overflow the ditch

and move west to West Creek and south to the excavation and Unit
1s

Insert 2 for Page 2.4-12a

back

Insert 3 for Page 2.4-12a

As discussed in Section 2.4.3,
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11

@!h Precipitation that falls on the roofs of onsite buildings is

F collected in gutters along the roof edge and discharged via
downspouts to the plant yard adjacent to buildings.
Overflow from the roof gutters spills directly onto the
plant yard. All building roofs are sloped, and no potential
exists for significant ponding of rainfall on the roofs. No
parapet walls exist on plant buildings which would encourage
rainfall ponding. Safety-related equipment is not |11
jeopardized by roof drainage during even the most severe
postulated rainfall event.

It is clear from a review of plant drainage that runoff from
the PMP could not pond above 98 ft msl and jeopardize plant
safety-related equipment. Ponding above 95 ft msl would
produce flow into the Unit 2 excavation or into West or East
INSERT 1 Creeks # The analysis of site drainage will now focus on
ponding in the Unit 2 excavation, and the potential

INSERT 2 exceedence of the designfgroundwater level of 70 ft msl (see |,
Section 2.4.13.5).

REPLACE WITH Jexcavation, and the potential impacts on the design basi
INSERT 3 groundwater level, is currently in progress.

DELETE AND An analysis of storm runoff ponding in the Unit 71”’/j
s

2.4.3 Probable Maximum Flood (PMF) on Rivers and Streams

(‘:: 2.4.3.1 Probable Maximum Precipitation (PMP)
The PMF analysis for the Mississippi River did not involve a

PMP determination (Section 2.4.3.4). The following
discussion pertains to precipitation in local drainage

Amendment 11 2.4-13 January 1984
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by overtopping roads or railroad spurs.

Insert 2 for Page 2.4-13

basis

Insert 3 for Page 2.4-13
2.4.2.3.2 Effects on Design Basis Groundwater Level

Plant buildings are designed to withstand the pressure and
buoyancy effects of a 70 ft msl groundwater level. This is about
13 ft above normal groundwater. The radwaste building and
tunnels adjacent to the excavation have also been shown to be
able to withstand the pressure and buoyancy efiects from a
ponding level in the excavation of 80 ft msl (see Section 2.5).
The following discussion presents an estimate of ponding in the
Unit 2 excavation, and indicates that the design basis levels for
excavation ponding and groundwater will not be exceeded during
the most severe postulated meteorology.

The Unit 2 excavation, shown on Fig 2.4-6, has an average bottom
elevation of 66 ft msl, and the bottom area is about 500,000 sqg
ft. The area at grade 94 ft msl is about 700,000 sq ft. A berm
around the Unit 2 excavation prevents surface runoff in the plant
area from entering the excavation. Surface runoff exits the
plant area through the storm drainage system, by overtopping the
Cooling Tower Access Road at 93.3 ft msl and flowing to East
Creek, or by overtopping a railroad spur at 95 ft msl and flowing
to West Creek. It was assumed that the berm will be set back from
the excavation, and an 800,000 sq ft area was used to compute the
volume of direct rainfall entering the excavation during a storm.

For the analysis of excavation ponding, it was assumed that a 72
hr PMP storm is preceded by a 72 hr 1/2 PMP storm. Per
Regulatory Guide 1.59, Rev., 2, it was assumed that 72 hours
separated the two storms. Additionally, it was conservatively
assumed that 2 ft of ponding (to 68 ft msl) exists in the
excavation prior to the 1/2 PMP antecedent storm. Two analyses
of ponding were performed: Case 1 assumed no seepage from the
excavation during the 9 day storm period, which allowed for a
cemputation of the maximum ponding level in the excavation; Case
2 assumed seepage from the excavation would occur, which would
allow for a computation of the maximum gro.-ndwater level under
plant buildings.



Table 2.4-36 presents thc PMP values for the 72 hr storm, which
were taken from Ref. 11 and 63, and arranged in a conservative
sequence as discussed in Section 2.4.3. Assuming no seepage from
the excavation, the maximum volume of water collected in the
excavation would be about 6,584,000 cu ft, including PMP, 1/2
PMP, and 2 ft of antecedent ponding. This corresponds to a
maximum water level of 78.1 ft msl, about 2 ft below the design
basis level for the radwaste building and tunnels adjoining the
excavation. Since no seepage was assumed for this case, the
normal groundwater levels would remain unchanged and would not
impact plant buildings.

For the case of secpage from the excavation, Ref. 68 provided the
methodology for analysis. This methodology was developed to
estimate the rise of piezometric levels in an aquifer, and the
rate of seepage, caused by a change of water level in a canal.
The approach applies to the excavation, where the ponding level
undergoes change due to incident rainfall and seepage. The
volume of seepage per foot of canal length, or in our case per
foot of excavation perimeter, is expressed as

2 _.2..% N
K(hl hl{fﬁz tl)

V =
(o) ?

where V = seepage volume, cu ft per foot of excavation perimeter

(3000 ft)

horizontal permeability, cfs per foot

time period of interest, sec

vertical distance from bottom of aquifer to ponded

level in excavation, ft

5 vertical distance from bottom of aquifer to normal
groundwater level, ft

nan

K(h
And v = 3)

S

where § = specific yield of aquifer

h3 = weighted mean depth of saturation, ft

Normal groundwater is at 57 ft msl, and the bottom of the Terrace
Aquifer is at about -40 ft msl, giving a value for h of 97 ft.
Horizontal permeability values were drawn from Sectian 2.5. The
values for the Terrace Sands range from 1700 to 2700 gpd per sq
ft, or an average value of 2200. For the backfill in the Unit 1
area and beneath the excavation, the values range from 550 to 870
gpd per ft, or an average value of 710. To determine a weighted
average value of horizontal permeability, the backfill value was
applied over the depth of backfill, from 66 ft msl to 20 ft msl,



while the Terrace Sands value was applied over the 20 ft msl to
-40 ft msl range. The weighted average value is 1553 gpd per sq
ft, or 0.0024 cfs per sg ft.

It is acknowledged that seepage from the north, south, and west
excavation slopes would be through the Terrace Sands almost
exclusively, and it would be appropriate to use the higher
permeability value associated with the Terrace Sands rather than
a weighted average to calculate seepage through thece slopes.
However, the area of concern is the east slope, where seepage
would act directly to increase groundwater levels beneath plant
buildings. The excavation and Unit 1 area consist of backfill
down to 20 ft msl. By applying a weighted average horizontal
permeability value for all excavation slopes based on the soil
conditions for the east excavation slope, the calculation of
seepage is simplified, and a conservative estimate of ponding
levels in the excavation and seepage profiles beneath plant
buildings is obtained.

Specific yield of the aquifer, which is essentially equal to
effective porosity, was determined by a method similar to that
for horizontal permeability. Effective porosity varies from 0.20
to 0.28 in the Terrace Sands and from 0.29 to 0.31 in the
backfill. By computing average values for each soil type, and
deriving a weighted average over the soil column from 66 ft msl
to -40 ft msl, a value of 0.27 was obtained.

The weighted mean depth of saturation in the area surrounding the
excavation was approximated by assuming the seepage wedge is
triangular in cross section, with the seepage profile decreasing
from the ponded level in the excavation to the normal groundwater
level at some distance into the embankment. The mean height of
the seepage wedge is thus one-third of the distance between
normal groundwater level and ponding level, and the mean depth of
saturation is the depth of the aquifer (97 ft) plus the mean
height of the seepage wedge. It is understood that the seepage
profile is somewhat concave in shape, but the triangular wedge
method provides a good approximation to the mean depth of
saturation. Also, the seepage method is not particularly
sensitive to this variable.

The seepage methodology from Ref. 68 was develioped for the case
of an instantaneous rise in water level in a canal, followed by
an indefinite maintenance of that level. This has been modified
to apply to the case of fluctuating excavation ponding level
through the use of a time step approach, where rainfall inflow,
seepage outflow, and ponding storage in the excavation are
evaluated for an average ponding depth during a specific time
period. The procedure is as follows: the inflow to the
excavation from incident rainiall is calculated; an average
ponding depth is assumed for the storm time period; the storage
in the excavation is calculated; the seepage volume from the
excavation is calculated; a comparison is made between inflow,



and storage plus seepage. If this comparison is close, than the
proper value of average ponding depth has been assumed. If not,
a new ponding depth is assumed and the procedure is repeated.

Storage in the excavation is computed by deterrining the average
ponded area over the depth of ponding in the excavation, and
multiplying by the depth of ponding. The bottom excavation is
about 500,000 sq ft, the top area about 700,000 sq ft, and a
linear increase in surface area was assumed over the 28 ft depth.

The seepage profile in the east embankment of the excavation
(under plant buildings) is determined from the Ref. 68 formula

2 2 2 2
h“ = h2 + (hl - hz)erfc(x/Z(vt)&)

where h

4 vertical distance from bottom of aquifer to seepage

profile at distance x from the excavation, ft
x = horizontal distance into the excavation embankment, ft.

erfc = complementary error function. These values are provided
in Ref. 68.

t = time from beginning of seepage, sec

hl'hZ'v = as previously defined

Table 2.4-37 shows the fluctuation in ponding level during the
storm period. It is noted that the ponded level would drop below
the bottom of the excavation between the 1/2 PMP and PMP storms.
Therefore, a ponded level of 68 ft msl was again assumed prior to
the beginning of the PMP storm, for conservatism. Table 2.4-38
provides the seepage profiles for peak periods of ponding.
Approximately 100 ft east of the excavation, the maximum
groundwater level would be about 68.3 ft msl. This is less than
the design basis groundwater level of 70 ft msl in the plant
area. At further distances from the excavation, the groundwater
level would decline to 57 ft msl, normal groundwater.

PMP Summary

It has been demonstrated that with a berm around the Unit 2
excavation, the maximum ponding level in the excavation and the
maximum groundwater level beneath plant buildings would be below
the design basis level,

Combined Events in Plant Area

It has been determined (see Section 2.5.5.2) that an occurrence
of the OBE or SSE in the plant area would cause only minor



sloughing of excavation slopes. The maximum level of ponding in
the excavation due to a 1/2 PMP event associated with an OBE
would be about 69.6 ft msl, assuming no seepage from the
excavation during the 72 hr event. Based on the analysis for the
PMP, groundwater beneath plant buildings would not exceed 70 ft
msl in the event of seepage.

The 24 hr - 25 year rainfall associated with an SSE would be 9.1
in. Assuming no seepage from the excavation, the maximum ponding
level would be about 67.2 ft msl. In the event of seepage, the
groundwater level would not be significantly affected.
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QUESTION 241.3
Provide stability analvses for the slopes (referred to in

Question 241.2) caused by the Unit 2 excavation adjacent to the
Unit 1 structures.

RESPONSE

The response to this request is provided in revised Sections
2.5.4.11 and 2.5.5.
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2.5.4.11 Design Criteria

INSERT | —The _majo ant_buildings e 1xz.e.d_m_u.ﬁ.eﬂ_m:m7
DELETE axp Sliding and overturning stability during the SSE and OBE.

REPLACE —{Eo: this analysigl”” a structure is assumed to‘be dr;ven by
WITH INSEry the seismic response of the structure and dynamic so;l and
2 AS A NEWw water pressures. Resistance 1is assumed to be prov1dec} by
PARAGRAPH base frictiongin the case of sliding and by the dead wsight

of the structure in the case of overturning. Since many of

)

INSERT 3 the structures will have a shake space adjacent togfhem (for
seismic isolation yfrom other structures), passive
INSERT 4 80il pressuregsnor Soll-wa riction are] relied upon for

resistance in this stability analysis. The compacted sand
backfill was modeled with a fricticn angle of 36 deg and no
cohesion. Test results on the backfill indicate this
friction angle to be conservative (refer to Fig. 2.5-74 and
to Report on Engineering Characteristics of Granular

INSERT 5 Fill‘77’), f#The base friction angle for concrete poured on
compacted fill was taken as 90 percent of the soil friction
angle. This is based on the laboratory test results of
Fotyondy‘®*4?, For the sliding analysis, the base shear
resistance is based on the effective stress during ,the
seismic event.

The seismic responses of the structures are the results of

the dynamic analyses described in Section 3.7.2. The
seismic structural analyses were made for the SSE and OBE £
cases for soil shear moduli of 12, 18, and 24 Kksi. The ;%5)

dynamic analyses provide the axial forces, shear forces,
moments, and the three components of acceleration at the
foundation level. From these data, the forces and moments
acting at the base of the foundations were computed. The
critical sliding ~r overturning situation for a given
structure is then based on the least favorable direction of
the earthquake in combination with the least favorable soil
shear modulus.

For the stability analysis, the soil- and water-driving
pressures were computed as shown on Fig. 2.5-79. Note that
the increased K, due to compaction was included. Dynamic
water pressures were evaluated according to Westergaard‘®5’,
The dynamic soil pressures are calculated as suggested by
Seed and Whitman‘®6’,

The static load per foot of wall expression (Fig. 2.5-79) is

3 derived by computing the area of the leftmost pressure
distribution:

Amendment 3 2.5-124 April 1982
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The analysis included the effects of the Unit 2 excavation and
ponded water levels that result from the accumulation of runoff
in the Unit 2 excavation as discussed in Section 2.4. Although
the groundwater level would be slightly affected by ponding, the

stability analyses conservatively consider the ground water level
equal to the ponded water level to simplify the analyses.

Insert 2 for Page 2.5-124

For the sliding and overturning analyses

Insert 3 for Page 2.5-124

and wall friction where appropriate

Insert 4 for Page 2.5-124

is not

Insert 5 for Page 2.5-124

The friction angle for backfill against formed concrete is taken
as 50 percent of the soil friction angle.
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structural response and the seismic soil and water
pressures.

Section 3.8.5 specifies that, for ~liding and overturning,
the minimum required factors of safety are 1.1 for SSE ard
1.5 for OBE. The results of the sliding and overturning
analysis are presented in Table 2 5-16, which is a listing
cf the calculated factors of safety. Note that even with
the conseyvative loading conditions and soil properties used
in the )(analysis, all factors of safety for overturning are
aboved??éiand all those for sliding are above [[Z3%t— All

lz

.6

major structures have adequate sliding and overturning
stability for OBE and SSE loading.

The stability of the major structures against flotation was
evaluated by comparing maximum buoyant pressure during PMF
with total average distributed dead 1load for a given
structure. Table 2.5-17 lists both of these quantities and
the ratio of the two. The lowest factor of safety against
flotation isAo , " well above the minimum

acceptable of 1.1 which is set forth in Section 3.8.5.
Hence, flotation is nct a realistic possibility for the
plant structures, even under flood conditions.

2.5.4.12 Techniques to Improve Subsurface Coaditions

The only techniques used to improve subsurface conditions
were the excavation and backfill beneath all Seismic
Category I structures (Section 2.5.4.5). In addition, the
surface of the excavation was thoroughly compacted with the
same vibratory equipment planned for the fill before any
backfill was placed.

2.5.4.13 Subsurface Instrumentation

The instrumentation program is intended to measure the
magnitude and distribution of vertical soil movements caused
by unloading of the foundation soils during excavation and
by settlement or reconsolidacion of these soils during and
subsequent to placement of the structural backfill and
foundation loads. The locations of instruments have been
chosen to measure both the vertical and horizontal
distribution of soil movements, permitting construction of
profiles of vertical movements.

The information obtained from this program is used to assess
the changes in the subsoils caused by excavation and
backfilling, the effects of these changes on the structural
foundations, and the long term time-dependent behavior of
the foundations.

Amendment 2 2.5-125 February 1982
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2.5.4.14 Construction Notes

Problems associated with compaction control for the Seismic
Category I backfill are as described in detail in
Section 2.5.4.5. There were no other significant problems
during construction.

2.5.5 Stability of Slopes
[2.5.5.1 Slope Characteristicé}’)h_’/

The opes in the site area are the cut slopes around
the 1mmediate plant site (from plant grade to the
surrounding original ground surface)fand those along Grants

Bayou and 1ts seasonal tributaries.

come————

Amendment 11 2.5-12% January 1984
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the cut slopes in the Unit 2 excavation area, the backfill slopes
between Unit 1 and the Unit 2 excavation,

Insert 2 for Page 2.5-129b

Section 2.5.5.1 describes slopes in the site area excluding those
slopes in the immediate vicinity of the Unit 2 excavation.
Section 2.5.5.2 describes the slopes that result from the
cancellation of construction on Unit 2.
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1.2

SSE

The permanent slopes adjacent to the plant are shown in plan
on Fig. 2.5-91 and in cross section on Fig. 2.5-92. The
slopes along Grants Bayou and its tributaries are shown by
the contours on Fig. 2.5-51 and by the survey cross sections
on Fig. 2.5-93.

The relationship of the original topograrhy to rinish grade
and to plant structure locations is shown on Fig. 2.5-91 and
2.5-92, cross sections X-X' and Y-Y'.

Both field and laboratory information is available for the
soils composing the plant area slopes. Fig. 2.5-23 and
2.5-24 are boring location plans. Test boring information
is included on Fig. 2.5-53 through 2.5-65 and in
Appendix 2H. Table 2.5-8 is a summary of Atterberg limits
testing for the loessal deposits and the Port Hickey
top~-stratum silts and clays. Sieve analysis results are
shown on Fig. 2.5-50 through 2.5-52.

The soil stratigraphy for the cut slopes surrounding the
site is shown on Fig. 2.5-28 and 2.5-29. The soil
stratigraphy and properties are described in
Section 2.5.4.2.

2.5.5”2"6esign Criteria and Analyses

The maxlmum groundwater level within the cut slopes around

as been nservatlvely estimated at el
(Sectlon 2.4 mﬁoThe cut slopes have an overalld maximum
height of 30 ft, which occurs only to the north of the plant
site. The slopes are cut at a slope of three horizontal to
one vertical. This corresponds to a slope of 18 deg with
the horizontal. The overall distance between the top of the
slope to the north and the nearest Seismic Category I
structure is 480 ft. The cut slope west of the plant is 900
€t from the nearest Seismic Category I structure.

The stability of the slope to the north of the plant was
evaluated both for static conditions and under the SSE
loading. For the dynamic analysis, it was conservatively
assumed that a 20-ft thick layer of fine sand and clayey
sand below the water table might liquefy. The analysis
showed that even if this should happen, the shearing
resistance of the soil above the liquefied zone would be
sufficient to preclude major ground movement, and thus
prevent a lateral movement of the soil mass into the plant
area. Liquefaction, if it were to occur, could cause
settlement and cracking within the slope and sand boils.
However, this would not present any hazard to the plant.

Amendment 1 2.5-130 October 1981
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The static and dynamic analyses for the slope to the north
of the plant was based on computer-assisted simplified
Bishop and Morgenstern-Price methods (Lease II). Since an
extensive liquefied zone was postulated for the dynamic
case, and since the simplified Bishop Method is more
applicable to circular-type failure geometries which are
typical for the static case, the Morgenstern-Price method
was used to model the sliding-block or wedge-type geometry.

The slope geometry, including the failure surface, is
presented in Fig. 2.5-94 together with the so0il parameters
used in the analyses. The soil unit weights and friction
angles shown on Fig. 2.5-94 are based on the field and 1lab
testing described in Section 2.5.4.2. The resulting factors
of safety are 1.3 for SSE 1loading with the conservative
assumption of a liquefied layer and greater than 5 for the
static case. In summary, even considering SSE loading and
assuming liquefaction, the permanent slopes remain stable.

Analyses were also done for the temporary excavated
construction slopes using the stability number method. This
provided a conservative stability estimate for these
relatively homogeneous, slightly cohesive slopes. The
analyses 1ndicatea that the siopes had more than adeguate
stability. No excavation slope failures occurred during
construction. These excavation slopes are shown on
Fig. 2.5=-72.

Stability analyses are currently underway for the slopes
caused by the Unit 2 excavation adiacent to the Unit 1
structures. The analysis will include evaluation of the
factor of safety against failure for all slopes adjacent to
Unit 1 structures as well as evaluation of the factor of
safety against sliding for the service water tunnel which
leads to Unit 2. These excavation slopes are shown on
Fig. 2.5-72A.

It is anticipated that these analyses will be completed in
the first gquarter of 1984 and will show adequate factors of

safety. However, should it be necessary, stability of the
slopes and/or tunnel can be enhanced with the addition of
backfill. This section will be revised to include the

results of these analyses once they are completed.

Cross sections of the valley of Grants Bayou are presented
in Fig. 2.5-93. It can be seen that except for the small
channel of the present stream in the bottom of the valley,
the slopes are very shallow, generally flatter than 20:1.
The stream bed in the reach of the bayou adjacent to the
plant site is above el +70 ft msl, indicating that the
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groundwater flow is generally from the stream to the terrace <§§§
aquifer.

It was conservatively assumed that the small channel in the
bottom of the valley would be filled by landslides, either
due to static instability or due to SSE liquefaction of any
low density layers of fine sand and clayey fine sand below
the water table. This is is a conservative assumption since
a large portion of the soil mass of the slopes is above the
water table and the overall valley slopes are very flat;
hence, flow slides are not probable. In the event of a
recurrence of the maximum historic earthquake, as discussed
in Section 2.5.1.2.8, liquefaction would not take place and
hence blockage of the valley by landslides would not occur.
Nevertheless, for design purposes a partial blockage of the
Grants Bayou valley was assumed. This blockage is based on
an assumed soil displacement such that nc slopes would
remain shallower than 20:1. The blockage condition is shown
in Fig. 2.5-94. A similar blockage was assumed for West
Creek. These assumed blockages would have no effect on the
plant except as it relates to the site flooding discussed in
Section 2.4.4.
INSERT ———eee——t>
2.5.5.3 Logs of Borings

Soil investigations, borings, and testing are described in
Sections 2.5.4.2 and 2.5.4.3,

7%y
3
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2.5.5.2. Unit 2 Excavation Slopes
2.5.5.2.1 Slope Characteristics

The slopes in the Unit 2 excavation are shown in plan on Figure
2.5-72a. The slopes located to the north, west, and south of the
Unit 2 area are cut slopes in natural soils. The slopes located
east of the Unit 2 area are constructed of backfill.

Laboratory test data for the backfilled soils are describeq in
Section 2.5.4.5, Appendix 2M, and Figure 2.5-74. Information for
the natural soil is located in preceding Section 2.5.5.1.1.

The soil stratigraphy for the cut slopes surrounding the Unit 2
excavation is shown on Figures 2.5-28 and 2.5-29. As developed
in Section 2.4, water accumulates in the Unit 2 excavation as the
result of heavy precipitation. Consequently, the Unit 2 area
slopes were analyzed for the following combinations of seismic
events and ponded water levels:

Static Ponded water to elev 80 ft msl
OBE Ponded water to elev 73 ft msl
SSE Ponded water (o elev 68 ft msl

For the stability analyses, the level of groundwater is assumed
conservatively to equal the level of ponded water. 1In reality,
this does not occur. Since the normal groundwater level is 8
feet or more below the bottom of the Unit 2 area, ponded water
tends to infiltrate vertically until a mound of groundwater is
formed on top of the normal water table. The height of the
groundwater mound attenuates with distance from the excavation
and hence is always less than the ponded height. For slope
stability analysis it is conservative to assume that the
groundwater level equals the level of ponding for two reasons.
First, the real unbalanced hydrostatic force acts toward the
slope tending to resist sliding. Second, seepage into the slope
creates seepage forces that also tend to stabilize the slopes.
The analysis of the Urit 2 slopes conservatively does not
consider these stabilizing influer.ces.

2.5.5.2.2 Design Criteria and Analyses

The static and dynamic analyses for slopes in the Unit 2 area
were based on computer - assisted simplified Bishop and
Morgenstern-Price methods (LEASE II). The simplified Bishop
Method was used to analyze the slopes east of Unit 2 since they
are constructed of backfill and are reasonably homogeneous in the
face of the west excavation slope. The Morgenstern-Price method
was used to model the sliding-block geometry which is appropriate
where a weak layer car be postulated, as for the north, south,
and west slopes.



In the case of the cut slopes only the massive failure of the
west slope could impact the safe operation of Unit 1. To impact
the operation of Unit 1, this slope would have to fail in such a
way as to breach West Creek.

In order to evaluate stability of the cut slopes, it was
necessary to evaluate the potential for liquefaction of the
natural soils. This was accomplished by comparing the results of
standard penetration testing to acceptance criteria established
using the method of Seed and Idriss (Reference 75) previously
described in Section 2.5.4.8. Seventeen borings (209 through 214
and 218 through 230) are located between West Creek and the west
slope of the Unit 2 excavation. In these borings between tha
elevations 30 and 65 ft msl, approximately 120 standard
penetration (blowcount) tests were performed. All but six of the
blowcounts exceeded the Seed & Idriss criteria. Of those six,
two were associated with cohesive material and therefore are not
indicative o liquefaction. It was concluded that liquefaction
of a continuous soil layer is not likely.

The impact of liquefaction of localized inclusions of loose sand
was evaluated in the stability calculations by varying the
strength parameters for soils below elevation 50 ft msl. Cut
slopes were analyzed using angle of internal friction values of
10 ,20 , and 35 for soil below elevation 50 ft msl, which
correspond to approximately 75%, 50% ana 0% liquefaction,
respectively. Figure 2.5-72b shows the geometry that was used to
model the west slope.

The results of the stability calculations are discussed below.

In all cases, the critical factor of safety corresponds to the
SSE loading, therefore results are presented only for the SSE
case, The Morgenstern-Price Method was used to analyze the wedge
failure mass. The results of the Morgenstern-Price analysis for
SSE loading are summarized on Figure 2.5-72b. The analysis shows
that for the extremely unlikely event of liquefaction of 75% of
the soils at elevation 50 ft msl (corresponding to = 10
degrees) the factor of safety against sliding is approximately
1.3. The simplified Bishop Method was used to evaluate the local
stability of the face of the slope. The results of the
simplified Bishop analysis indicate that minor sloughing of soil
at the face of the lope may cccur during an SSE event. This
minor instability would have no impact on the integrity of the
West Creek fabriform channel or Unit 1. Given the conservatism
of the analysis that results in the factor of safety of 1.3, it
is concluded that the north, south, and west slopes of the Unit 2
area are stable.

The slopes located east of Unit 2 were analyzed using the
simplified Bishop Method. Since these slopes in the areas of
safety related structures are constructed of engineered backfill
as described in Section 2.5.4.5.3, no liquefaction was
postulated. The geomecry analyzed and typical results of the



computerized calculation are shown on Figure 2.5-72c. 1In
general, for trial circles at the sare center, the factor of
safety decreases with decreasing radius, indicating that the
critical factor of safety corresponds to an infinite slope type
failure. Analysis of the infinite slope problem under SSE
loading gives a factor of safety of 1.15 which corresponds to
minor surficial sloughing at the face of the slop=. This
analysis is based on a friction angle of the backfill material
equal to 36 degrees. Laboratory testing of backfill samples
(Appendix 2M - Triaxial S Tests) indicate that for backfill
compacted to 89% relative density a friction angle of 42 degrees
can be justified. Using a friction angle of 42 degrees in the
infinite slope analysis results in a factor of safety of
approximately 1.4. It is concluded that the backfill slopes east
of the Unit 2 excavation are stable.
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TABLE 2.5-16

SLIDING AND OVERTURNING FACTORS OF SAFETY

Stcucture

Diesel Generator
Building

Control Building
Fuel Building
Turbine Building
Reactor Building
Auxiliary Building

Standby Service
_:) Water Tower

Service Water Tunnel

,;) Amendment 2

FOR MAJOR STRUCTURES

Factor of Safety

OBE SSE

liding Overturning Sliding Overturning

6.5 173)1.6 ﬁae

6.0 1.6 ﬁm
1.7 z.o

~J

el
E?_gTs:l 6.5 f_z_;/ilzﬁ Ef/ﬂa 8
: Tiiﬁh.s [ﬁz.a
e [ ve- T

23 2.6 | 5. 1.9

lofl February 1982
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TABLE 2.5-17
STATIC DESIGN CRITERIA OF MAJOR STRUCTURES

Diesel

Shield Building Radwaste auxiliary Fuel Control Ge..erator

and Containment Building Building Building Building Building
Approxima e
Foundation
Dimensions
(ft) 150 dia 756x105 154x117 124x105 148x78 95x70
Maximum Buoy-
ant Pressure (620 3 (370 | 310/
(psf) 936 1248 936 998 936 936
Tctal Average
Distrikuted [ij/
Dead Load (ksf) 8 6 6

5 3
Factor of e ) .
Safety Against 6{
Flotation 1 [13?
2 - :

Total Ultimate
Bearing Capa-
city (ksf}

Factor of safety
Total Ultimate
Bearing Capa-
city/Total Uni-
formly Distri-
buted Dead Load

Foundation
Elevation (ft
above msl)

Net Average
pDistribtuted
Dead Load (ksf)

Net Allowable
Bearing Capa-
city (ksf)

4.9 5.3 6.3 2.8 4.6

350 310 330 310 280 150

44 52 ﬁ/ 52 70 @V
66 37

60 60 @) 64 65 65
65

2.8 1.4 2.4 1.4 -0.6 1.3

12 12 12 12 12 12

1 0f 2

Standkty Service
water Pump Hous=
and Tower Basin

162 dia

ws

1310

&

4.9

360

119

g

12

Turbine
Building

m;ﬁ_ff
Iiil_

1248

3

o’

2.6

380

84

60

10

Turbine
Pedestal

180x40

3.2

290

53

51.5

10
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TABLE 2.5-17 (Cont)
NOTES: All foundations are mat foundations.

S0il unit weights in pcf:

wet = 115

submerged = 60
Groundwater at el +57.0 80.0
Maximum flood level at el t maximum bouyant force
Finish grade at el +95.0

For foundation with groundwater elevation equal to or less than B below foundation level, use reduction
factor for ywet = 0.5 (1+¢D/B) ywet, where D equals da2pth to groundwater level telow bottom of mat,

For net uniform distributed dead loa2d, average ground surface elevation prior to excavation was taken
conservatively as el +105.

Formulas:

Tctal Ultimate Bearing Capacity (Terzaghi & Peck Soil Mechanics in Engineering Practice,
2nd Edition, John Wiley and Sons, New York, NY, 1968.)

Circular mat: qdr-l.ZCNCOYDquoo.GYxn,
Rectangular mat: qdb-i.zcncwnfuqoo.nanY

act afet ainst Flotation

F.S. = Total average distributed dead load
Maximum bouyant force

Cc=0 nc.o
#=360 Ng=53  Ny=52

2 of 2
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Description
Groundwater Level =~
Norma |

Design Basis Flood Level
(DBFL) (see Note 5)

Top of Base Mat
Average Plant Grade

DBFL - Maximum Postulated
Flood Level

Exterior access openings
located below DBFL - Subject
to flood potential

Penetrations - Subject to
flood potential
fsee Note 4)

Electric Duct Bank
Penetrations - Subject
to flood potential
(see Note 3)

STRUCTURES,

Reactor

Building

57-0
/0-0

70~-0

94-6

95~
2

Shield Bldg.
Equip. Hatch

Pipe Penet.
@ 96-0

NOTES: 1., Al) dimensions are ms! elevations

the adjoining buildings.

in feet and
The tunnels housing Seismic Category | systems and components are accessible only from
Pipe penetrations through the tunnel wal.s,

RBS FSAR

Qg:;

TABLE 3.4-1

Standby

Service Water

T r in

57-0
70-0

64-6
94-6

95-3/

2

Pipe
Penet.

@ 90-6
and 95-6

inches,

Control

Building

57-0
70-0

70-0
94-6

95"

2

PENETRATIONS, AND ACCESS OPENINGS
DESIGNLD FOR FLOOD PROTECTION

Auxiliary

Building

57-0
70-0

70-0
4-6

"

Pipe
Penet.
@ 95-0

if any, are

provided using watertight seals designed to withstand the flood loads.
they are sealed

3. As the electrical ducis penetrate the Seismic Category |

structures,

wit" waterstops to prevent any adverse effect from flooding.

4. Pipe penetration elevations are penetration centerlines,
1 it 2
Auendel?t ,‘ﬁ discussion of the effect on plant buildings of r‘ur‘x)c%fg ponding in the Unit excavat

in Section 2.5.

Diesel
Generator

Building
57-0
70-0

70-0
u-6

iy

Top of Duct

El 72'-9 1/4"

fFuel

Building

57-0
70-0

70-0
94-6
s i |

Fuel Bldg.
Truck Door

I 2
Top of Duct
El 71'=6 1/4" &

El 91'-9 1/4"

ion is included

' 2
february 1982 |



