
TENNESSEE VALLEY AUTHORITY
CHATTANOOGA. TENNESSEE 37401400 Chestnut Street Tower II

January 12, 1984
Director of Nuclear Reactor Regulation
Attention: Ms. E. Adensam, Chief

Licensing Branch No. 4
Division of Licensing

U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Dear Ms. Adensam:

In the Matter of the Application of ) Docket Nos. 50-390
Tennessee Valley Authority ) 50-391

Enclosed for NRC review is information concerning TVA activities at Watts
Bar Nuclear Plant related to the issue of liquefaction potential.
Enclosure 1 provides TVA responses to NRC and Corps of Engineer concerns
about slope stability. Enclosure 2 provides amended FSAR material which
reflect remedial action. Enclosure 3 provides a report entitled "Site-
Specific Top-of-Ground Motion for ERCW Pipeline with Response to the NRC
Staff Concerns." This report dated September 23, 1983 was prepared for TVA
by Woodward-Clyde Consultants.

If you have any questions concerning this matter, please get in touch with

D. P. Ormsby at FTS 858-2682.

Very truly yours,

TENNESSEE VALLEY AUTHORITY

D. S. Kammer
Nuclear Engineer

Sworn 1tDand- subs ribed before me
ths'~day of18

Notary Public
My Commission Expires

Enclosures (3)
cc: U.S. Nuclear Regulatory Commission (Enclosures)

Region II
Attn: Mr. James P. O'Reilly, Regional Administrator
101 Marietta Street, NW, Suite 2900
Atlanta, Georgia 30303

8401190307 840112
PDR ADOCK 05000390
A PDR

1983-TVA 50TH ANNIVERSARY
An Equal Opportunity Employer



Question 1:

There is a large distance, covered by the future 161 kV switchyard,
between the ERCW piping and trench. Has the stability of this area
been checked for a seismic event?

Response:

The area designated as the future 161 kV switchyard has been regraded
as shown on proposed figure 2.5-58'4 of the FSAR. The grade (slope) of
this area is very gentle (between 1 and 2 degrees). The soil profile'
is fairly consistent between trench A and the ERCW piping. A clay cap
approximately 14 feet thick overlays a silty sand layer. A typical
cross section is shown in figure 1. The stability of this area was
checked using the block and wedge method of analysis with the same
soil strengths used in the underground barrier analysis as discussed
in section 2.5.5.2.3 of the FSAR. The pseudo-static analysis
performed for the underground barrier assumed zero shear strength
(i.e., complete liquefaction) for the silty sand layer and a peak
acceleration occurring simultaneously. This method is very
conservative and has limits on its appropriateness. The most
conservative assumption is to assume the total mass has a constant
acceleration in the direction of instability. An earthquake motion is
cyclic in nature in that the earthquake load randomly changes
direction during an earthquake. Another conservative assumption is to
assume complete soil liquefaction occurs prior to or in conjunction
with the peak acceleration. This assumption was used in the barrier
analysis to achieve the most conservative (highest) earth pressure in
conjunction with the peak acceleration for determining the barrier
width.

Because (1) the area being considered is relatively flat (see figure
1), (2) the earthquake loads are cyclic (i.e., not constant in the
direction of instability), and (3) the potential soil liquefaction
will not occur until after the peak acceleration, the most appropriate
case to examine for the area between trench A and the ERCW piping is
the postearthquake situation assuming complete liquefaction of the
silty sand layer. The factor of safety for this case is 1.7. The
factor of safety for the area prior to an earthquake is 12.6. Based
on these analyses, it is concluded that these slopes are stable.

Question 2:

There is a grade slope above the trenches. Has the effect of this
slope been accounted for in calculations of earth pressure used in the
stability of the underground barrier?

Response:

Because the slight slope of the ground was so insignificant above the
trenches, the slope was not considered in the initial calculation.
The effect of this slope has now been evaluated in the analysis and
the result is that the effect of the slope is negligible and affects
the resultant factors of safety less than 1 percent.
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Question 3:

What is the effect of the soil liquefaction on the stability of the

intake pump station?

Response:

The stability of the intake pump station (IPS) was checked assuming

liquefaction of the sandy soils behind the IPS. The controlling case

was when the SSE is combined with a 25-year flood (to raise the

saturation level in the soil) followed by sudden drawdown in the

intake channel due to downstream dam failure (least hydrostatic

resistance and weight in the IPS). This case assumes the above

scenario in conjunction with liquefaction and the peak earthquake

acceleration. The resultant factor of safety for the stability

analysis was 1.4 (minimum required factor of safety is 1.1).



ENCLOSURE 2

WATTS BAR NUCLEAR PLANT UNITS 1 AND 2

AMENDED FSAR MATERIAL WITH DESCRIPTION OF
TVA REMEDIAL ACTION FOR POTENTIAL LIQUEFACTION

NOTE: Five copies
directly to

of the following oversized drawings were forwarded
the NRC project manager with a copy of this letter.

2.5-220
2.5-221
2.5-221 a
2.5-27 3
2.5-520
2 .5-521
2.5-522
2.5-523
2.5-54)4
2 .5-545
2.5-5)46
2.5-5)47
2.5-5)48
2.5-571 (Sheets 1-'4)
2.5-57 2
2.5-57 3
2.5-575
2.5-576 (Sheets 1 and 2)
2.5-577
2.5-578
2.5-579
2.5-580
2.5-581
2.5-582
2.5-58 3
2.5-58)4
3.8.)4-46
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25 presents laboratory test data on the borrow classes available
in borrow area 4. The strength values used for design are shown

in Table 2.5-12. The results for each type shear test are
plotted in graphical form (Figures 2.5-244 through 2.5-246) , and
a conservative value below the average for c and 0 is selected
for use in the design. The values used for design (Table 2.5-111
are low averages for the strength data shown in Table 2.5-25.

Due to the need to construct the underground barrier trenches to
iesolve the issue of potentially liquefiable soils along portions
of the ERCW piping and 1E conduit alignments, several additional
onsite borrow areas were investigated for use as safety-related
fill. The additional areas are shown on Figures 2.5-220, -221,
and -221a. These areas are identified as Trench A, Trench B,
Areas 9, 10, 11, 12, 13, and 2c, and the future 161-ky switch-
yard. The central laboratory investigated each of these areas and
developed moisture-density compaction curves (ASTM D 698) for
each area. The testing identified several soil classes for each
area. The laboratory strength testing consisted of consolidated-
undrained (R) shear tests on each soil class. Samples were
molded to 95% of maximum dry density (ASTM D 698) and 3% below
optimum moisture content. All samples were subsequently
saturated prior to shearing. Due to the desire for a higher
design cohesion, borrow classes with a cohesion intercept (c) 50
less than 0.2 tons/ft 2 were retested at a higher density.
These samples were remolded to 100% of maximum dry density (ASTM
D 698) and 3% below optimum moisture content. All samples were
saturated prior to shearing. The test results for each borrow
area are shown on Tables 2.5-45 through -53. The results of this
testing were evaluated to provide soil properties to use in the
design and analysis of the underground barrier trenches.

The backfill used for Trench A came from borrow areas Trench A,
9, 10, 2c, and the future 161-ky switchyard. Thus, materials
from these areas were evaluated for the Trench A design soil
properties. Since two different degrees of compaction were used
in Trench A, separate evaluations were made. The first
evaluation, shown on Figure 2.5-520, was for Earthfill A which
was placed at 95% of maximum dry density, and the second
evaluation, shown on Figure 2.5-521, was for Earthfill Al. which
was placed at 100% of maximum dry density. In the second
evaluation, the data for sands was deleted from the evaluation,
since only fine-grained soils were used for Earthfill Al.

The backfill used for Trench B came from borrow areas Trench B,
12, 2c, 13, and the future 161-kV switchyard. Thus, materials
from those areas were evaluated for the Trench B design soil
properties. Since two different degrees of compaction were also
used in Trench B, separate evaluations were made. The first
evaluation, shown on Figure 2.5-522, was for Earthfill A which
was placed at 95% of maximum dry density, and the second
evaluation, shown on Figure 2.5-523, was for Earthfill Al which
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was placed at 100% of maximum dry density. In the second
evaluation, the data for sands was deleted from the evaluation, 50
since only fine-grained soils were used for Earthfill Al.. Table
2.5-583 provides a summary of the above borrow evaluations.

2.5.4.5.1.3 Field Work

Prior to construction, the central laboratory prepares a family
of compaction curves for all soil classes at the site (see Figure
2.5-235 and 2.5.271), further divided into subclasses to be used
by the inspectors of backfill placing and the project laboratory
for construction control. and day-to-day testing of fill
compaction. These tests by the project laboratory for dry
density, moisture content, and degree of compaction. A minimum
of at least one test for each 2000 cubic yards placed shall be
performed throughout the course of the work. Additional sampling
and testing are done as required by the inspectors or engineers
in charge.

The quality of the backfill is documented by measuring the in-
place density. The inplace compaction is expressed as a percent 4 0
of the maximum density at optimum moisture content for the
backfill material being placed. A backfill log book is
maintained containing all pertinent information concerning daily
backfill operation.

In addition, a penetrometer is used, correlated with penetra-tion 44
.charts prepared by the central laboratory (see Figure 2.5-234 andi
2.5.272) to maintain a continual check on the compaction of the
backfill. At Watts Bar Nuclear Plant, Class A backfill is placed
around all Category I structures. This material, which is
selected earth placed in not more than 6-inch layers, has a
minimum required compaction of 95 percent of the maximum standard
density at optimum moisture content.

The limits of excavation and the backfill placed around the
Category I structures are shown in Figures 2.5-225 and 2.5-226.

Class B backfill is placed around non-Category I structures.
This material, which is selected earth placed in not more than 9-
inch layers, has a minimum required compaction of 90 percent of
the maximum standard density at optimum moisture content.

A third class of fill is also used, Class C, using unclassified
fills to be placed in approximately 12-inch layers and compacted
with hauling equipment. This fill class is used in areas not
requiring Class A or B fills, or highway and railroad fills, such
as spoil areas.
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The fill used to form the channel slopes in the intake channel is

composed of material originally excavated from the intake

channel. The material is compacted to 95 percent of maximum

density at optimum moisture content.

Earthfill borrow areas are worked in a manner which ensures a

suitable material for compaction. They are excavated in layers

so that widely varying soil classes are not mixed during place-

ment and compaction. Any conditioning which the soil r~equires is

normally be accomplished in the borrow areas prior to hauling it

to the earthfill site. This conditioning includes control of

moisture content and removal of deleterious materials. All

borrow areas are maintained such that adequate drainage of ground

water and surface runoff is provided. Drainage will be

accomplished by sloping excavations, crowning, chanels, dikes,

sumps, and pumping, as necessary.

Compaction of large areas of earthfill are accomplished using

crawler-drawn sheep-foot rollers. Soils in areas of limited

access are compacted with small power tampers or rollers.

Compaction and all other earthwork is suspended during periods of

inclement weather.

In areas where earthfills with differing compaction requirements

adjoin, the most heavily compacted fill is placed prior to the

placement of the fill of lower density.
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2.5.4.5.1.4 Construction Control

All earthfills is placed in accordance with the provisions of
TVA's General Construction Specification No. G-9 for Rolled
Eartlifill for Dams and Power Plants. The following information
summarizes the construction control which is described in that
document. This program is also applicable for all engineered
granular fills.

All fill operations are accomplished in the presence of a trained
inspector. The inspector has the authority to suspend fill
operations whenever weather or material conditions are judged
unsuitable. His responsibilities include material quality,
selection, excavation, hauling, placement, And compaction
control. During placement, periodic construction control tests
are made to ensure that a suitable fill is obtained. This
testing determines soil classification, moisture content, inplace
density, relative density (granular fill only), and degree of
compaction (earthfill only). The frequency of testing is as
specified in General Construction Specification G-9. The
inspector may require additional testing to conclusively identify
material or check compaction. A project laboratory has been
established at the plant site to perform the necessary testing.
A project foundation specification and a series of construction
control procedures relay unique construction requirements to the
construction personnel.

2.5.4.5.2 Granular Fill

2.5.4.5.2.1 General

Granular fill materials are used at the site for several
purposes; such as structural fill, backfill, to establish a
working surface, and for road foundations. The material is
obtained from offsite commercial sources. The location and use
of any type of material is determined by the engineer for any
safety-related feature.

Section 1032 Material 7 50

A granular fill material, consisting of crushed stone or sand and
gravel, placed around and below safety-related features in lieu
of earthfill in certain locations. The granular fill material is
suitable for compaction to a dense, stable mass and consists of
sound, durable particles which are graded within the following
l imits :
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P a ss i ng
1-1/4 inch Sieve
1 inch Sieve
3/4 inch Sieve
3/8 inch Sieve
No. 4 Sieve
No. 10 Sieve
No. 40 Sieve
No. 200 Sieve

Percent by Weight
Minimum Maximum

100
95 100
70 100
50 85
33 65
20 45

8 25
0 10

The material is free of soft friable particles, salt, alkali,
organic matter; or an adherent coating and reasonably free of
thin, flat, or elongated pieces.

Laboratory shear strength tests were performed on the granular
material to establish design properties. The testing consisted
of triaxial (08R) and direct (S) shear tests. The tests were
made on samples compacted to 70% and 80%6 of maximum relative
density (ASTM D 2049). The samples' composition were varied to

provide three separate gradations for testing.

The three gradations tested are as follows:

Sieve
S iz e

1-1/4 inch
1 inch
3/4 inch
3/ 8 inch
No . 4
No. 10
No. 40
No. 200

Percent (by Weight) Passing
Maximum Average Minimum
Fines Fines Fines

100
100
100
85
65
45
25
10

100
100
88
67
49
32
17
5

100
95
70
51
33
20
8
0

Minimum and maximum densities were determined in accordance with
ASTM D 2049.

The triaxial shear tests (Q8R) were made in a 4 inch diameter
testing machine on particles passing the 3/4 inch sieve. The
direct shear tests (S) were made using a 12 inch square shear box,
on particles passing the 1-1/4 inch sieve. The results of the
shear testing are shown on Table 2.5-54, and the values to use
for design are shown on Table 2.5-55. Figures 2.5-544 through -

547 are graphical plots of the test results with the adopted
design values for each type of shear test.

The apparent shear strength values for the R test are not
presented because the test results were determined to be
inconsistent.. On tests at 80% relative density, two of the three
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sets of the R tests showed significant negative pore water
pressures during the tests. It is unrealistic for a saturated
fill of this granular material to develop negative pore
pressures. During earthquakes, pool drawdowns, or conditions of
steady seepage, a crushed stone fill would more likely develop
positive pore pressures rather than negative pore pressures.
Thus as indicated on Table 2.5-55, pore pressures will be
incremented during analysis to check the effect of pore pressure
buildup.

The test results indicate that the coarse particle-size
distribution (minimum fine distribution) produces a slightly
higher friction angle along with a marked increase in cohesion
intercept. Part of the 'cohesion' appears to be the result of
interlocking of the angular particles. Overall, the shear
strength increases as particle size increases.

Consolidation tests were not made on the granular material, since
consolidation would be negligible at the densities the fill is
p4laced and because any connections between adjacent structures
would not be made until after any minor consolidation had
occurred.

In areas where this granular material is placed adjacent t~o an
earthfill, the granular fill is placed and compacted prior to the
placement of the earthfill. Granular fill is placed and
compacted to a relative density as specified on drawings or in
construction specifications and as determined by ASTM D 2049. 50
The moisture content of the material is adjusted as necessary to
obtain the required relative density. The construction control
program for granular fill is discussed in Section 2.5.4.5.1.4.

As a result of inquiries by NRC about the granular material used
to support the Diesel Generator Building, the following tables
and figures are provided:

1. Table 2.5-56 showing the compaction results;

2. Figure 2.5-548 showing a statistical summary of the
compaction test results; and

3. Table 2.5-57 showing sieve analysis results on the material
stockpile during the period which the granular fill material
was placed for the Diesel Generator Building.

Section 1075 Material-

A free-draining granular fill material, consisting of crushed
stone or sand and gravel, frequently used to establish a working
surface on top of soil or weathered rock, or to develop a good
interface between earthfill and weathered rock, or to act as a
surface cover for an area such as a switchyard.
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The granular fill material is graded within the following limits:

Percent (by Weight) Passing

Sieve Bottom Alternate Top 2'

Size Laver Bottom Layer Laver

1-1/2 inch 100 100

1 inch 90-100 -

3/4 inch 40-75 30-75 100

1/2 inch 15-35 - 90-100 50
3/8 inch 0-15 5-15 40-75

No. 4 0-5 0-5 5-25

No. 8 - 0-10

No. 16 0-5

The material is free of soft friable particles, salt, alkali,

organic matter, or an adherent coating and reasonably free of

thin, flat, or elongated pieces.

In areas where the material is used, it is placed and compacted

using a procedural specification given on drawings or in

construction specifications.
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2. The particle diameter at 60 percent passing should be between
0.2 mm and 1.0 mm.

3. The uniform'ity coefficient should be between 2 and 5.

4. The blow count from Standard Penetration Tests should be less
than 15.

Also, reference 1 states that experience suggests liquefaction
might occur for soils having a relative density less than 50
percent during ground motions with accelerations in excess of
approximately 0.1 g; and that for relative densities greater than
75 percent, liquefaction for most earthquake loadings is
unlikely.

Using the rules outlined above, only one area of the plant site
was found which contained potentially liquefiable soils. This
soil deposit was a layer of silty sand extending from elevation
665 to elevation 680 in the intake channel side slopes. The
location of the channel with respect to the plant layout is shown
-in Figure 2.1-5. The channel is shown in Figure 2.4-99. The
zone of potential liquefaction is shown in Sections A-A and B-B 26
of Figure 2.

The Waterways Experiment Station of the Corps of Engineers
performed cyclic triaxial shear tests on samples .from this layer
of silty sand. The results of the testing program are presented
in Table 2.5-22. TVA performed parallel cyclic triaxial shear
tests on similar samples, with the results presented in Table
2.5-23. The results from the parallel tests showed reasonable
agreement, particularly for the isotropic loading cases.

A dynamic 2-dimensional finite element analysis was performed for 26
the intake channel. The details of this analysis are discussed
in Section 2.5.5.2.1. From this analysis the number of
equivalent cycles for various levels of shear stress was
determined using the procedures outlined by Lee and Chan 156
Comparing the computed shear stress and number of cycles with the
t~est results indicates that liquefaction would occur. Both sets
of test results were used in the liquefaction evaluation and both
indicated complete or partial liquefaction. Therefore, it was
decided to excavate beyond the limits of the final channel to the
top of firm gravel and compact the excavated material back in
place to the final channel cross section (Figure 2.5-239) with
controlled compaction density and moisture content. The Q362.5
compaction criteria are discussed in Section 2.5.4.5.

As a result of several meetings with the NRC and the NRC's review
references 165, 166, and 167, the seismic input and the procedure
for evaluating liquefaction were changed. The seismic i nput was
changed from 0.22 g to 0.40 g at top of ground as discussed in 50
S~ection 2.5.2.4. The procedure for evaluating liquefaction was
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changed from the Seed and Idriss (1981) procedure to the Seed and
Idriss (1971) procedure. Both procedures are simplified methods
for evaluating the liquefaction potential of sands, but the Seed
and Idriss (1981) procedure provides a modification that accounts
for presence of fines in the sand samples. In order to resolve
the issue of potentially liquefiable soils at the site, TVA uqPA'
the Seed and Idriss (1971) procedure.

A report has not been issued on the liquefaction evaluation based
on a seismic input of 0.40 g at top-of-ground and the Seed and
Idriss (1971) procedure. However, the results are presented as
follows:

1. Tables 2.5-62 through -64 tabulates the samples that would
potentially liquefy, i.e., (FS 1.0).

2. Figure 2.5-273 shows the layout of the ERCW piping and IF
conduits and the location of the sections that show the
piping and conduit profiles.

3. Figures 2.5-571 through -575 show profiles of the ERCW piping
and the borings along the alignment. The borings have been
marked to indicate the design groundwater, top of weathered
shale, and the samples that will potentially liquefy.

4. Figures 2.5-576 through -579 show profiles of the IE conduit
banks and the borings along the alignment. The borings have
been marked to indicate the design groundwater, top of
weathered shale, and the samples that will potentially
liquefy.

The result of this evaluation is that the zones of potentially 50
liquefiable materials are apparently continuous in some areas
along the pipeline and conduit alignments and that some method of
remedial treatment is needed. The method of remedial treatment
to prevent the lateral flow of liquefied soils, the method of
analysis, and the results are described in Sections 2.5.5.1.2 and
2 .5.5 .2.3.

The potential settlement of the soils along the ERCW pipeline and
IE conduit alignments, due to an earthquake sufficient to cause
liquefaction, were evaluated for each report, references 8, 9,
and 10. 'All studies revealed that the potential settlement was
insignificant or minimal and the performance of the piping or
conduits would not be affected. When the peak ground
acceleration was increased to 0.40 g (see Section 2.5.2.4) and
the method of evaluating for potential liquefaction was changed
to the Seed and Idriss (1971) procedure, the extent of the soils
that would potentially liquefy increased, thereby significantly
increasing the amount of potential settlement. The theoretical
settlement at each boring location along the ERCW pipeline and IE
conduit alignments was calculated twice. The initial settlement
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evaluation was based on a paper by Lee and Albaise (1974)
(Reference 164). The second evaluation was based on a criteria
provided by the NRC staff. The method and results of each
evaluation are described below.

The evaluation based on Lee and Albaise's paper assumed the test
data for a Monterey sand was applicable and the in situ relative
density of the fine sands was 50%. Using test data for a
Monterey sand is conservative, since the D5 0 for the fine sands
at the Watts Bar site is in the range of 0.07 mm to 0.15 mm, and
the test data shown in Figure 6 of the Lee and Albaise paper
indicates that a finer sand will experience a lower volumetric
strain. The use of an in situ relative density of 50% is also
conservative, since the relative densities of the undisturbed
block samples from the test pits ranged from 61% to 69% for two
of the samples and above 70% for the other sample. The test data
shown in Figure 7 of the Lee and Albaise paper indicates that a
soil with a lower relative density will experience a higher
volum 'etric strain. Based on Figure 7 of the Lee and Albaise
paper, a Monterey sand sample with an initial relative density of 50
50% that subsequently liquefies will experience approximately
1.5% volumetric strain. For the initial settlement evaluation
sand (SM or SP) samples that were theoretically susceptible to
liquefaction were considered to experience 1.5% volumetric
strain, and silt (ML) samples were considered to experience 0.75%
volumetric strain. Figures 2.5-571 through -578 show the
.potential settlement calculated using the 1.5% strain (1.5%E)
criteria at each boring along the pipeline and conduit
alignments.

The criteria specified by the NRC staff is shown in Table 2.5-65
has-a maximum volumetric strain of 6%. The criteria specifies a
volumetric strain even for samples that will not liquefy. The
results of the evaluation for potential settlement at each boring
along the pipeline and conduits using the 6% strain (6%E)
criteria are also shown on Figures 2.5-571 through -578. As can
be noted, the potential settlement using the 6% criteria is
significantly higher than the results using the 1.5% strain
criteria. However, in order to resolve the issue of the
Potential settlement due to soil liquefaction, the results of the
settlement evaluation based on the NRC staff's criteria (6% ) was
used for evaluating the need for remedial treatment for the
pipeline and conduits. The evaluation of the piping for the
potential settlement along the ERCW piping alignment is described
in Section 3.7.3.12. The evaluation of the conduits for the
Potential settlement along the 1E conduit alignment is discussed
in Section 3.7.2.1.2.

2.5.4.9 Earthquake Design Basis

For the earthquake design basis, see Sections 2.5.2.6 and 2.5.2.7
and Section 3.7, Seismic Design.

2.5.4.10 Static Analysis
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2.5.5 Stability of Slopes

2.5.5.1 Slope Characteristics for Essential Raw Cooling Water.

Intake Channel Slopes 150
The intake channel is a manmade feature extending approximately
800 feet from the edge of the reservoir through the flood plain
to the intake pumping station. The results of the soils explor-
ation and testing are presented in Section 2.5.4.2.1.3. Charac-
'teristics of the slopes and the underlying soil deposit are also
presented in Section 2.5.4.2.1.3.

2.5.5.1.2 Underground Barrier for Protection Against
Potential Soil Liquefaction

The underground barrier is a manmade feature extending along the
ERCW pipeline and lE conduit alignments in the area north of the
intake pump station and south of the cooling towers and 500-kV
switchyard. The purpose of the underground barrier is to prevent
the lateral flow of soils should an earthquake occur that could
liquefy some of the soils below the ERCW piping and 1E conduits.
The underground barrier is located between the safety-related
piping and conduits and the area towards which the material would
attempt to flow should the soils liquefy. The liquefaction
evaluation is presented in Section 2.5.4.8.

The underground barrier will be constructed by excavating two 50
trenches. The location of the underground barrier trenches are
shown on Figures 2.5-580 and -581. The locations were based on
the extent of the potentially liquefiable soils along the piping
and conduit alignments as shown on Figures 2.5-571 through -578.
Figure 2.5-582 shows the layout of the underground barrier
trenches in relation to the borings which indicate potentially
liquefiable material.

The trenches will be backfilled with soils excavated from the
trenches, if acceptable, and soil from approved onsite borrow
areas. The method of construction and construction control will
be in accordance with the requirements and notes on Figures 2.5-
580 and -581. The results of the soils investigation and testing
of the borrow materials is described in Section 2.5.4.5.1. The
design and analysis of the underground barrier is described in
Section 2 .5.5 .2.3 .

As can be seen on the layout (Figure 2.5-582) and on the
profiles, some borings with potentially liquefiable material will
not be included in the area encompassed by the underground
barriers and no remedial treatment is being planned. Each of
these areas is discussed in detail as follows:

1. At boring SS-143 (Figure 2.5-571, sheet 2 of 4) and its
- associated borings (SS-143A. B, and C), the soil is
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localized; the liquefiable material is a thin layer which
would produce small settlements. In three of the borings, it
is unrealistic to expect the material to liquefy. The G-SP-
SM (elevation 693.0) in boring SS-143 is part of the basal
gravel that exists at the site (the 'G' indicates the sample
has greater than 12% gravel); the CL-ML (elevation 697.0) in
boring SS-143C should not liquefy due to the high percentage
of fines; and the SM (elevation 696.0) in boring SS-143B with
a blow count of 21. The results of an extensive test program
on the basal gravel is discussed in Section 2.5.4.2.1.3 (In
Situ Basal Gravel).

2. At borings SS-146 and SS-147 (Figure 2.5-571, sheet 2 of 4)
both samples shown to be susceptible to liquefaction are in
the basal gravel. Also, the blow counts (13 and 18) of the
samples (13 and 18) indicate a fairly firm material.

3. At boring SS-153 (Figure 2.5-571, sheet 3 of 4) the sample
.(G-SW--SM at elevation 707.0) represents a thin isolated
pocket and the sample is in the basal gravel.

4. In the main plant area (Figures 2.5-571, sheet 4 of 4, 2.5- 50572 through - 575, and 2.5-577 and -578), there are no
problems related to soil flow during liquefaction since there
are no slopes in the area. Potential settlement in this area
is discussed in Section 2.5.4.8.

5. In the southern part of the switchyard, soils encountered in
borings SS-53, SS-54, SS-55, SS-62', and SS-61, show some
liquefaction potential. However, liquefaction does not
appear to be realistic. In boring SS-53 (Figure 2.5-579) thetwo samples, an ML (elevation 711.0) and an SM (elevation
707.0) with apparent liquefaction potential have hi~gh blow
counts (20 and 18), and one, the ML, has a high plasticity
index (P1=18.4). In boring SS-54 (Figure 2.5-579) the two
samples, an ML (elevation 703.0) and an SM (elevation 701.0)
that apparently would liquefy have high blow counts (19 and21) and have medium to high plasticity indices (PI 10.4 and
16.8). At boring SS-55 (Figure 2.5-579) the two ML samples
(elevations 714.0 and 709.0) have blow counts that are good
to high (14 and 19) and the plasticity indices are high (P1
18.4 and 14.3). At boring SS-62 (Figure 2.5-579) the blow
count of the potentially liquefiable material (elevation
687.0) is good (14) and the plasticity index is high for an
SM (PI = 13.8) and, in addition, the layer is very thin and
is probably weathered shale rather than alluvium. At boringSS-61 (Figure 2.5-579) the material is localized, located at
the surface where it will not affect any soils overlying it;
and it is a long distance from the conduit bank..
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2.5.5.2 Design Criteria and Analysis

2.5.5.2.1 Design Criteria and Analyses for the Essential Raw

Cooling Water Intake Channel Slopes

The static design cases and the conditions and factors of safet-
associated with each are shown below:

Case Factor of Safety

1. Normal operating condition with 1.5
reservoir elevation 675, ground-
water elevation 685.

2. Sudden drawdown due to loss of 1.1
downstream dam: groundwater
elevation 685; reservoir drawdown
elevation 685 to 666.

3. Construction condition: groundwater 1.25
elevation 685, channel dry.

The earthquake design cases are the same as Case 1 and 2 above 2
combined with a Safe Shutdown Earthquake. The minimum factor of 2
safety must be equal to or greater than 1.0.

Static Analysis

Slip circle analysis using the Modified Swedish method were
performed for the static design Case 2. The critical circle,
which has a factor of safety of 2.5, is shown in Figure 2.5-238.
The combination of events comprising design Cases 1. and 3 are
less than those for Case 2. Since the factor of safety for Case
2 is 2.5, then the factor of safety for Cases 1 and 3 will be
greater than that required for these cases.

The soils exploration in Section 2.5.4.2.1.3 disclosed a possible
weak layer of lean clay soil at approximate elevation 680 to 685
in borings US-30 and US-36, which are on opposite sides of the
channel near the reservoir. The test results indicate the
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Figure 2.'5-257 shows the limits of excavation for a section with
a bedrock elevation of 650. The factor of safety for a wedge
failure along a plane at elevation 650 is 1.0. This factor of
safety is considered adequate, since it was computed with the use
of extremely conservative assumptions. As shown on Figure 2.5-
257, the factor of safety was computed assuming that the entire
zone of sandy material extending from elevation 680 to 650
liquefies completely during a seismic event. This is a very 28
conservative assumption. Furthermore, the assumption has been
made that no shear strength exists along the failure plane where
it passes through the sandy zone; again, this is a very
conservative assumption. Even a small amount of shear strength
in the liquefiable zone along the failure plane would make the
safety factor greater than 1.0.

The final configuration of the rockfill side slopes at the
reservoir end of the intake channel, as discussed in Section
2.5.5.2.1, are also affected by the unexpected soild conditions
encountered. On the upstream side of the mouth of the intake
channel the firm gravel layer will be left in place and rockfill
placed on top of it from elevation 665 to 695. On the downstream
side the rockfill will be placed on bedrock down to elevation
650.

Figure 2.5-258 shows a typical cross section of the rockfill
slopes on the upstream side of the channel. The factor of safety
against sliding along a plane at elevation 665 is 1.5.

The downstream side of the channel with rockfill placed on a,
bedrock elevation of 650 is shown in Figure 2.5-259. The factor
of safety for a wedge failure at 650 is 1.30, and the slope is
therefore stable. Q362. 17

2.5.5.2.3 Desilgn Criteria and Analysis for the Underground
Barrier for the ERCW Pipeline and 1E Conduit Alignment

The location of the underground barrier is shown on Figures 2.5-
580 and -581. The underground barrier was analyzed for the
following cases:

Required
Case Factor of Safety

50
1. Safe Shutdown Earthquake, but

prior to liquefaction 1.0

2. Safe Shutdown Earthquake after
liquefaction, but prior to
dissipation of pore water pressure 1.0

Section 2.5.4.6 describes the study made to determine the design
groundwater for the piping and conduit alignments. The results
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of that groundwater study were used in the analyses of the

underground barrier. Figure 2.5-583 shows a loading diagram of

how the underground barrier was analyzed. Seven sections of the

barrier were analyzed. Figure 2.5-582 shows the locations of the

seven sections. The most critical sections were Section 1 for

Trench A and Sections 6 and 7 for Trench B. Case 2 is the

controlling case in the analysis for each section, since passive

earth pressure is included in Case 1, but assumed to be zero for

Case 2. Figure 2.5-583 shows the results of the analysis. Case

i was dropped from the analysis, when it became obvious that Case

2 controlled the design and analysis of the barrier. .Due to the

urgency to complete the construction of the barriers prior to 50

fuel load, the trench excavation was started prior to completion

of the laboratory testing of the backfill soils. The barrier

width was based on assumed design soil properties. The results

of the evaluation of the initial laboratory shear strength tests

showed that the design cohesion was approximately half the needed

cohesion to stabilize the barrier. To eliminate the need to
widen the barrier, additional laboratory shear strength tests

were made on backfill soils remolded to a higher level (100%

Standard Compaction ASTM D 698) of compaction. The results of

this testing showed that the cohesion was increased sufficiently

to allow the barrier to be stable. The test results are

presented in Section 2.5.4.5.1.

Since it was not necessary for the entire barrier to be

constructed at the higher compaction level,(100%), additional

analyses were made to determine what elevation the lower

compaction level (95%) could be used. The results of this

analysis are given on Figure 2.5-583. Figure 2.5-584 shows the

final grading for the area of the underground barrier.

2 .5 .5.3 LojgjoLj Bri ing s

Refer to Section 2.5.4.3 for the location of all in situ soil

borings. Refer to Section 2.5.1.2.6 for the location of all rock
b or in gs .

2.5.5.4 Compaction Specifications

The compaction specification for earth and rock fills are dis-

cussed in Sections 2.5.4.5..1.3 and 2.5.4.5.2.2 respectively.

2.5.6 Embankments

There are no embankments at the site which are used for plant
flood protection or for impouding cooling water required for the

operation of the nuclear power plant.
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3.7.3..12 Buried Seismic Category I Piping Systems and Tunnels

Category I buried piping which penetrates structures where fill
settlement or seismic movements are expected to be high is
protected from differential movement of the soil and structure by
Category-I concrete slabs or encasements. The slab or encasement
is supported by a bracket on the structure on one end and on
undisturbed or Class A backfill at the other end. Beari'ng piles 41
are used if required to support the slab. The encased pipes are
insulated to prevent bonding between the pipes and concrete. For
details of the slab at the intake pumping station and the
encasement at the Diesel Generator Building, refer to Section
3 .8.4 .4 .8.

For seismic classed buried piping that penetrates structures in
areas where very little fill is involved and seismic movements
are low, protection from differential movement of the soil and
structure is provided by an oversized opening in the structure.
The annular space between the pipe and opening is filled with a
resilient material. The first support inside the structure is
located to allow for relative movement of the pipe and structure.
The soil-structure interface is treated as an anchor, and
stresses are limited to code allowables.

The ERCW piping was evaluated for potential settlement due to
soil liquefaction as discussed in Section 2.5.4.8. The potential
settlements used for the evaluation were determined in the
liquefaction evaluation using the strain criteria specified by
the NRC staff which are shown on Figures 2.5-571 through -575.
The effect of these potential settlements was evaluated for the
entire length of pipe and also at all building interfaces. The
evaluation of the effect of these potential settlements was done
in two phases.

The first phase was a preliminary screening which involved
calculations to identify areas of the pipe which may undergo 5
excessive settlement. In the preliminary screening, the 5
boundaries of the pipe system, the pipe sizes, and pipe materials
were determined. Because of the size and length of pipe
involved, a 60' length was chosen as sufficient to model the
system. A fixed-fixed end model was assumed to describe the
piping for the initial calculations. Using the standard equation
for maximum deflection for a fixed-fixed end model:

Y max- L2  M = Resultant moment
3 2EI

L = Span length

E = Young's modulus

I =Moment of inertia

3 .7-31



WBNP-50

The settlement can be determined if the resulting moment were
known. ASME III Code (1971 edition, Summer 1973 Addenda, NC-
3652.3) states that the effects of any single nonrepeated anchor

movement is governed by Equation 12:

iMLA < 3.0 S i = Stress intensification ia%;Lur

Z Z = Section modulus

S c= Allowable stress at room
c temperature

To expand this equation to include thermal effects (assuming Mc
= 0) would involve adding it to Equation 11 (1971 ASME III Code,

Summer 1973 Addenda, NC-3652.3) thus;

iMA < 3.0 S+SS Alwbesrs o
___ - c + A 5A Alwbesrs o

Z expansion

Since the pipe sizes and materials are known, and the stress
intensification factor can be calculated, the resultant moment at
any point on the pipe can be determined. Thus the potential
settlement can be found by using the standard equation for the
fixed-fixed end model. The results from these preliminary
screening calculations were used in conjunction with the
potential settlement evaluation, Section 2.5.4.8, to identify
potential areas of excessive settlement, either at the buildings
or along the pipeline.

The second phase of the evaluation consisted of making rigorous

piping analyses at the potential areas of excessive settlement.
There were three areas along the pipeline with apparent problems
that were modeled into the T-PIPE piping analysis program. These

areas were modeled for a distance on both sides of the potential
high settlement area. The areas that were modeled were: (1)
from the intake pump station to boring SS-131; (2) from boring
SS-141 to boring SS-90; and (3) from boring SS-163 to boring SS-
159.

At these areas the potential settlements were used as input in
the phase IT analysis to give the most conservative results. In
all cases, the stress levels are below the ASME Code allowable
for settlement induced loads (Reference 1971 ASME Code, Summer
1973 Addenda, NC-3652.3).

Where practical, seismic classed buried piping is routed to avoid
areas of weak soils. Where weak soils are encountered, the bad
material is removed and replaced by backfill. The backfill. is
placed to standards that insure suitable bearing conditions,
therefore, the transition from one material to another, i.e.
insitu soil to backfill should not be a problem. In lieu of the
above, in some cases an analysis is performed to show that the
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pipe has sufficient strength to bridge the discontinuity and
support the soil above the pipe without exceeding the allowable
stress of the piping material.

Category I piping supported by two structures is attached to only
one of the two at the interface of the two structures.
Sufficient clearance is provided between the pipe and the second
structure to permit maximum relative longitudinal and radial
movements. The seismic spectral data for these systems are
developed by superimposing data from both buildings and
developing curves which envelop the individual spectral data for
two perpendicular, horizontal plant directions.

Buried piping complies with the ASME Boiler and Pressure Vessel
Code, Section III and is analyzed seismically as follows.

49The soil is considered to be a horizontal 1-layer
system which responds to the earthquake by moving in
a continuous sinusoidal plane wave and supported by a
second layer or base material. The top layer is as-
sumed to pick up accelerations from the base material.
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Utilizing the average values for the shear wave velocity and

,density for the top layers, the ground deformation pattern in
terms of wave length and amplitude is determined. The buried
pipes are assumed to deform along with the surrounding soil
layers. No relative displacement between the soil and the buried

piping is considered.

The average shear wave velocity of a single layer representation
of a multi-layed soil system may be determined by:

VST = VS h'

h

Where: VST =Average shear velocity in the top layers of soil,
f t /se c

Vs = Shear velocity in each layer of soil, ft/sec
h = Depth of each layer of soil, ft
h = Total depth of top layers of soil, ft 49

The fundamental period of the single layer is calculated from the
following equation:

4 h
T =___(seconds)

VST

If the depth of the soil layer varies over the distance traversed
by the buried pipe, both cases, for maximum and minimum depths,
are considered.

The maximum amplitude of the sine wave which represents the
maximum displacement of the pipe is:

A = Displacement =*Accel

where: T =Fundamental period, sec
Accel -Amplified soil acceleration value, in/sec2
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The wave length, L, is calculated as:

L = VST T

The bending moment resulting fro m the seismic disturbance,
assuming the pipe follows the soil and deforms as a sine wave, is
given by

2 E IA 49

(L/2) 2

Where: M = Maximum bending moment, in-lb
E = Modulus of the pipe, psi'
I = Moment of inertia of the pipe, in4

A =Maximum amplitude, in.
L = Wave length, in.

The corresponding bending stress is obtained by dividing the
moment by the section modulus of the pipe. The above bending
stress is combined with bending stresses due to other loads
according to the applicable loading combinations.

The geotechnical parameters used in the seismic analysis of the
ERCW system buried piping are:

Average soil shear wave velocity, VST =1000 f/s (approx.)
Soil unit weight = 120 pcf
Average rock shean wave velocity = 5900 f/s
Rock unit weight = 170 pcf

The average soil shear wave velocity was determined by the
layered approach using cross-hole geophysical data and
corresponds well with the downhole geophysical data. In
addition, a + 30% variation of shear wave velocity is considered.
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where

VST = Average shear wave velocity of the soil deposit

Using the results from the above equations, the bending moment
due to the earthquakei

M = EID 4

where
E = Young modulus of conduit bank
I = Moment of inertia of conduit bank
L = One-half of the wave length

The conduit banks were evaluated for settlement due to the
potential liquefaction of the underlying soil as discussed in
Section 2.5.4.8 (see Figures 2.5-574 through -578 for the
potential settlement values). The banks were evaluated for
potential settlements between manholes and at building/conduit
interfaces. 'The only area of potential structural inadequacy was
at the intake pumping station (IPS). The conduit banks in this
area (see Figure 3.8.4-46) required modification to accommodate
the potential settlements. This modification consists of cutting
10 grooves on the sides and bottom of the banks. The 4 inch deep by 50
2 inch wide grooves begin 76' from the IPS and are spaced at 8 inch
between centers for a distance of 6' along each bank. Settlement
of the conduit banks will cause plastic hinges to develop at the
grooves and at the pile supports farthest from the IPS. This
results in a structural mechanism which will allow the conduit
bank to settle without compromising the intended function of the
encased conduits.

Class IE Electrical Systems Manholes and Handholes

These manholes and handholes are rigid structures which have the
same motion as the soil deposits in which. they are located. The
soil deposits were analyzed as explained in Section 3.7.2.4. The
accelerations obtained for the soil deposit at the level of the
manholes and handholes were used to determine the inertia force
on the structures and to calculate the increase in the static
soil pressure using the shaking table experiments performed for
the design of TVA's Kentucky hydro project 1 as discussed in
Section 3 .7.2.1.1.

Miscellaneous Yard Structures

The ERCW discharge overflow structures, ERCW standpipe, and other 43
miscellaneous yard structures are normally rigid structures.
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These structures are designed for a rigid body acceleration.
Dynamic soil pressures on the walls, if appropriate, are
determined in accordance with Reference 1.

Category I Pile Supported Structures.

For structures founded on piles, the acceleration at top of rock
was considered to be amplified through the soil as discussed in
Paragraph 3.7.2.4. The translational and rocking foundation 43
springs included in the lumped mass model of the structure to
c haracterize soil-structure interaction were calculated using
Reference 3. The damping ratio used for soil-supported
structures depended upon the predominant type of motion as
explained in Reference 5.

A more detailed description of the seismic analysis of Category I
pile-supported strucures is discussed below.
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.TABLE 2.5-54

SUMMARY OF LABORATORY TEST DATA

Minimum density, pcf

Maximum density, pcf

Maximum
Fines

Gradat ion

107.1

143 .1

Average
Fines

Grada-- ion

103.1

139.5

C C
(tsf) (tsf)

Minimum
Fines

Gradation

108.7

143.9

(tsf)

Triaxial Shear (Q)

At 80% Rd

At 70% Rd

Triaxial Shear (R)

At 80% Rd

Direct Shear (S)

At 80% Rd

At 70% Rd

Rd =Relative density

38.7

38.5

0.73

0.50

39.3 1.93

39.4

36.0

0.30

0.35

38.3

42.5

1 .46

0.80

41.8 0.99

42.0

44.0

0. 52

0.24

40.5

42.0

1.91

1 .64

43.7 0.34

44.2

42.5

0.63

0.52

Added by Amendment 50
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TABLE 2.5-45

WA"TTS BAR NUCLEAR PILA"NT

ERCW LIQUEFACTION

TRENCH A

STTD~!ARY OF LABORATORY TEST DATA

BORROW SOIL CLASSES

Class 
I Ii III

Symbol 
SM-SC SC CL

Mechanical and Hydrometer Analysis
Gravel, percent 

0 0 0Sand, percent 
70 51 40Silt, percent 
15 24 29Clay, percent 
15 25 31

Atterberg Limits
Liquid limit, percent 24 28 34Plastic limit, percent 19 17 19Plasticity index, percent 5 11 15Shrinkage limit, percent - --

Standard Proctor Compaction
Optimum moisture, percent 13.1 14.1 15.9Maximum density, pcf 116.6 114. '4 110.3Penetration resistance, psi 910 340 760

Shear Strength at 3% Dry of Optimum Moisture
and at 95% of Maximum Unit Weight
Triaxial R: 6, degrees 15.0 14.3 1S.0c, tsf 0.29 0.11 0.03

Shear Strength at 3% Dry of Optimum Moisture
and at 100% of Maximum Unit Weight
Triaxial R: ý, degrees 

-- 15.7 16.3
c, tsf 

-- 0.19 0.10
Percent of class in area 8 61 31

Natural moisture content, percent 18.5 19.4 20.7

Added by Amendment 50



TABLE 2.5-45a

WATTS BAR NUCLEAR PLAN~T

ERCW LIOUEFACTION, TRENCH A

SUPPLEMENTAL BORROW

SUIT-2ARY OF LABORATORY TEST DATA

BORýROI.T -SOIL CLASSES

Group 
12 3Symbol 

sillfl.Mechanical and Hydrometer Analysis
Gravel, percent 

0 0 0Sand, percent 
16 54 43Silt, percent 
44 31 15Clay, percent 
40 15 22

Atterberg Limits
Liquid limit, percent 

47 26 34Plastic limit, percent 
29 25 26Plasticity index, percent 
18 1 8Shrinkage limit, percent

Standard Proctor Compaction
Optimum moisture, percent 21.*4 17.3 18.8Maximum density, pcf 

99.7 108.4 105.3Penetration resistance, psi 1130 860 800
Shear Strength at 3% Dry of Optimum Moisture
and at 100% of Maximum Unit Wei.-ht'*Triaxial R: $, degrees 

13.0 11.6 12.9c, tsf 
0.4ý 0.46 0.609

Percent of class in area - --Natural moisture content, percent 
--

*Group 2 tested at 95 percent of maximum unit weight.

Added by Amendment 50



TABLE 2.5-46

WATTS BAR NUCLEAR PLANT

ERCW LIQUEFACTION'

TRENCHI B

SULnh,%RY OF LABORATORY TEST DATA

BORROW SOIL CLASSES.

Class I 1I iii

Symbol sil SM-SC CL

Mechanical and Hydrometer Analysis
Gravel, percent 0 0 0
Sand, percent 66 55 43
Silt, percent 22 24 28
Clay, percent 12 21 29

Atterberg Limits
Liquid limit, percent NP 23 30
Plastic limit, percent NP 22 19
Plasticity index, percent NP 6 11
Shrinkage limit, percent --

Standard Proctor Compaction
Optimum moisture, percent 15.3 15.6 i5.8
Maximum density, pcf 110.7 110.3 109.8
Penetration resistance, psi 770 1025 1425

Shear Strengt-h at 3%1 Dry of Optimum 'Moisture
and at 95% of Maximum Unit W1eight
Triaxial R: $, degrees 7.6 5.5 10.4

c, tsf 1.67 1.05 0.32

Percent of class in area 26 22 524

Natural moisture content, percent 25.0 28.4 22.2

Added by Amendment 50



TABLE 2.5-47

WATTS BAR. NiUCLEAR PLANT

ERCW LICUEFACTTON

BOPIROW AREA 9

SUfIAýLLRY OF LABOPATORIY TEST DATA

BOR-ROW SOIL CLA-S-SES

Class III

Symbol CL CL-Ya.L

Llechanical and Hydrometer Analysis
Gravel, percent 0 Q
Sand, percent 24 32
Silt, percent 40 27
Clay, percent 36 41

Atterberg Limits
Liquid limit, percent 31 40
Plastic limit, percent 15 25
Plasticity index, percent 16 15
Shrinkage limit, percent -

Standard Proctor Compaction
Optimum moisture, percent 16.4 19.6
Miaximnum density, pcf 110.3 104.0
Penetration resistance, psi 350 680

Shear Strength at 3% Dry of Optimum Moisture
and at 95% of Maximum Unit W,.eight
Triaxial R: 6, degrees 12.3 8.0

c, tsf 0.11 0.57

Shear Strength at 3% Dry of Optimum Moisture
and at 100% of Maximum Unit Weight
Triaxial R: 6, degrees 11.6 -

C, tsf 0.28 --

Percent of class in area 50 50

Natural moisture content, percent 13.1 21.7

Added by Amendment 50



TABLE 2.5-48

WATTS BAR T~jCL EAR PLANT

ERCW4 LIQUE-FACTIO-N

BORROW AREAý 10

SU~I'ARY OF LABORATORY TEST DATA

BORROW SOIL CLASSES

Class II

Symbol CL CL-14L

Mechanical and Hydrometer Analysis
Gravel, percent 0 0
Sand, percent 33 19
Silt, percent 31 33
Clay, percent 36 48

Atterberg Limits
Liquid limit, percent 39 45
Plastic limit, percent 23 26
Plasticity index, percent 16 19
Shrinkage limit, percent -- --

Standard Proctor Compaction
.Optimum moisture, percent 20.6 25.4
Maximum density, pcf 103.0 93.2
Penetration resistance, psi 620 860

Shear strength at 3% dry Of Optimum moisture and at 95%
of maximum unit weight. *
Triaxial R: ý, degrees 11.9 15.2

c, tsf 0.21 0.09

Shear Strength at 3% Dry of Optimum Moisture
and at 100% of Maximum Unit Weig-ht
Triaxial R: 6, degrees 15.0

c, tsf -- 0.12

Percent of class in area 86 14

Natural moisture content, percent 23.9 27.6

*At a density of 90 pc.' on class !I.

Added by Amendment 50



TABLE 2.5-49

WATTS BAR NUCLEAR PLAN~T

ERCWJ LIOUEFACT ION

BORROW AREA, 11

SU1ý4ARY OF LABORATORY TEST DATA

BORROW SOIL GLASSES

Class I

Symbol ML

Mechanical and Hydrometer Analysis
Gravel, percent 0
Sand, percent 21
Silt, percent 35
Clay, percent 44

Atterberg L;imits
Liquid limit, percent 44
Plastic limit, percent 29
Plasticity index, percent 15
Shrinkage limit, percent --

Standard Proctor Compaction
Optimum moisture, percent 22.2
Maximum density, pcf 99.3
Penetration resistance, psi 850

Shear strength at 3% dry of optimum moisture and at
95% of maximum unit weight.
Triaxial R: 6, degrees 13.2,

c, tsf 0.21

Percent of class in area 100

Natural moisture content, percent 26.9

Added by Amendment 50



TABLE 2.3-50

WATTS BAR NUCLEAýR PLANT

ERCW LIQUEFACTION

BOR-ROW4 AREA 12

SUMMARY OF LABORATORY TEST DATA

BORROW SOIL CLASSES

Class 
II I

Symbol 
SM CL-r[L CL-ML

Mechanical and hydrometer analysis
Gravel, percent 0 0 0Sand, percent 50 22 22Silt, percent 26 39 40Clay, percent 

24 39 38

Atterberg limits
Liquid limit, percent 32 40 42Plastic limit, percent 25 25 26Plasticity index, percent 7 15 16Shrinkage limit, percent -- --

Standard proctor compaction
Optimum moisture, perce~nt 16.8 17.8 19.2Maximum density, pcf 103.8 106.5 103.7Penetration resistance, psi 1165 1150 1140

Shear strength at 3% dry of optimum
moisture and at 95% of maximum
unit weig7ht

Triaxial R:
$,degrees 9.5 12.0 16.4ýc, tsf 0.57 0.29 0.04

Shear strength at 3% dry of optimum
moisture and at 100%' of maximum
unit weight
Triaxial R:

~,degrees 
. - 12.5

c, tsf 
- 0.39

Percent of class in area 12 55 33

Natural moisture content, percent 21.6 24.9 25.2

Added by Amendment 50



TABLE 2.5-51

W4ATTS BAR NUCLEAR PLANT

ED-CW LIQUEFACTION

BORROW AREA 13

SU1-2`A-RY OF LABORATORY TEST DATA

BORROW SOIL CLASSES

Class 
I IIII

Symbol 
ML MIMH

Mechanical and Hydrometer Analysis
Gravel, percent 

0 0 0Sand, percent 
24 23 12Silt, percent 
42 39 41Clay, percent 
34 33 .47

Atterberg Limits
Liquid limit, percent 37 41 52Plastic limit, percent 26 27 35Plasticity index, percent 11 14 17Shrinkage limit, percent - --

Standard Proctor Compaction
Optimum moisture, percent 19.2 20.0 23.31Maximum density, pcf 106.6 105.1 98.8Penetration resistance, psi 650 800 740

Shear strength at 3% dry of optimum moisture
and at 95% of maximum unit weight
Triaxial R: 6, degrees 15.6 14.5 18.3c, tsf 0.15 0.14 0.02

Shear strength at 3% dry of optimum moisture
and at 100% of maximum unit weight
Triaxial R: 6, degrees 11.7 14.5 14.7C, tsf 0.66 0.51 0.44

Percent of class in area ý45 50 5

Natural moisture content, percent 19.6 22.7 27.6

Added by Amendment 50



TABLE 2.5-52

WATTS BAR 'NUCLEAR PLANT

E R C1 L 10UEFACTTON

BORR~OW AREvA 2C

StLh!MARY OF LABORA-TO)RY TEST DATA

BORROW SOIL CLA'SSES

Class

Symbol

I Ii III

M-L SM-SC CL
MIechanical and Hydrometer Analysis
Gravel, percent
Sand, percent
Silt, percent
Clay, percent

Atterberg Limits
Liquid limit, percent
Plastic limit, percent
Plasticity index, percent
Shrinkage limit, percent

Standard Proctor Compaction
Optimum moisture, percent
Maximum density, pcf
Penetration resistance, psi

12.1
117.7

Shear Strength at 3% Dry of Optimum moisture
and at 95% of Maximum Unit Weigght*
Triaxial R: ý, degrees 17.5

c, tsf 0.63

Shear Strength at 3% Dry of Optimum 'oisture
and at 100% of Maximum Unit Weight-*-*
Triaxial R: 6, degrees 

-

c, tsf

Percent of class in area 1

Natural moisture content, percent 21.7

*Class VI tested at 90.0 pcf.
**'Class II is less than 1% of total borrow and no shear

*-*"~Class VI tested at 105Z of maximum unit weight.

25
19

6

13.9
114.0

1125

36
22
14

1-6.6.
109.0

1050

IV V VI

CL CL-MI.

41
24
17

106.2
760

44
27
17

103.5
840

62
35
27

26.8
90.3
950

** 13.4 -9.0 18.1 19.0
** 0.11 0.33 0.00 0.00

-- 1.0
0- 053

-- 15.3 17.4

<1 3 31 63 1

20.5 26.4 22.9 23.6 31.6

tests w7ere conducted on this cjasg-

Added by.Amendment 50



W w,ý5
WATTS BAR NUCLEAR PLANT

ERZC1 LIQUEFACT ION

BORROW AREA 2C EXTENSION

SUMIARY OF LABORATORY TEST DATA

BORROW4 SOIL GROUPS

Group 1 2 3 4 5 6 7 89

S ymbo 01 L CL CL CL CL-ML Mil CL CL-ML SM

Mechianical and Hydrometer Analysis
Gravel, percent 0 0 0 0 0 0 0 01Sand, percent 23 30 24 20 23 15 36 42 55Silt, percent 48 42 43 40 36 27 36 33 30Cla'y, percent 29 28 33 40 141 58 28 25 14

Atterberg Limits
Liquid limit, percent 34 34 40 41 47 58 37 35 21Plastic llimit, percent 21 22 24 24 28 32 23 23 20
Plasticity index, percent 13 12 16 17 19 26 14 12 1Shrinkage limit, percent -- -- - -- -- --

Standard Proctor Compaction
Optimum moisture, perceiitk 16.6 17.3 18.8 20.2 21.7 28.1 16.6 16.6 14,8Maximum density, pcf 109.0 107.7 104.8 102.3 99.6 88.0 109.0 109.0 112.8
Penetration resistance, psi -- -- -- -- -- -- -- -- -

Percent of group in area 3 24 11 13 113 33 3 1

Natural moisture content, percent 21.5 16.4 21.5 21.8 26.5 27.2 14.0 16.6 10.1

*Standard proctor compaction results are based on borrow; area 2C family of curves,

Note: Shear strength tests were not conducted on the extension of borrow area 2C.

Added by Amendment 50



TABLE 2.5-55

GR~ANULAR MATERIAL DESIGN VALUES
SECTION 1032 MATERIAL

Unit Weight
d's at

(pcf) (pcf)

Shear-Strength Values
0 R&S*

C C
(tsf) (t sf

390 1.0 400 0.5

390 0.7 380 0.35

*For an analysis where pore pressure buildup has to be considered,

estimated pore pressure should be incremented (suggest 10%, increments)

to a reasonable maximum level to check the effect of pore pressure buildup.

=Moist unit weight

Psat =Saturated unit weight

Q m Unconsolidated - undrained triaxial shear test

R = Consolidated - undrained triaxial shear test (effective)

S =Direct shear test

.Added by Amendment 50

A6326 9.10

Relative
Density

80%

70%



TABLE 2.5-56

Relative Density Test Results on Engineered
Granular Fill Beneath the Diesel Generator Building

Samole

158
159
160
162
163
164
167
168
169
170
171
172
178
179
180
184
185
186
190
191
192
194
195
196
199
200
201
204
205
206
210
211
212
213
214
217
218

Max . Dry
Density

(pcf)

144.6.
144.6
144.6
144.6
144.6
144.6
144.6
144.6
144.6
144.6
144.6
144.6
144.6
144.6
144.6
144.6
144.6
144.6
144.6
144.6
144. 6
144.6
144.6
144.6
144.6
144.6
144.6
144.6
144.6
144. 6
144.6
144.6
138 .8
138.8
138 .8
138.8
138. 8

Added by Amendment 50

Min. Dry
Density

C0cf)

100.4
100. 4
100. 4
100.4
100.4
100.4
100.4
100.4
100.4
100.4
100.4
100.4
100.4
100. 4
100.4
100.4
100.4
100.4
100.4
100.4
100.4
100.4
100.4
100.4
100.4
100.4
100.4
100 .4
100.4
100.4
100.4
100.4
109.9
109.9
109.9
109.9
109.9

Field
Density

(pcf)

132.0
133. 0
135.0
137.75
136.5
131.25
135.5
138.0
135.75
131.5
136.75
133.25
130.25
131.5
131.0
130.75
137.5
130.5
138.5
136.25
134.75
128.75
132.0
131.5
129.5
137.25
130.75
125.75
127.75
127.75
128.25
137.0
133.5
137.0
136.5
133.75
136.5

Relative
Density

78

84
82
87
77
85
89
85
77
87
81
75
77
76
78
88
76
90
86
83
72
78
77
76
88
77
66
70
70
71
87
83
96
93
86.5
94.5



'IW 2.5-57

PROJECT: L9,ir 4,e fC1E1.PAr

SIEVE ANALYSES OF 1032 GRAVTEL
IM-~NESSCE VALLEY AIJnfORTT Sheet 1

_______ ~PEIRCENT i$I:

SCPEEN SIZE 1k jJ3/4" 3/811 14 #10 #1//6

tcJI'ITSO 1032.02 100 95403io 70__100 508 36:6 I7 -5
DATE~ TIME S0'IFRLCE __LT(lhs) ____I________

3-ZI-7' L2:10 P, Srock.TLr f .. J 5 4g N
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_____SCFPEFN SIZE

SPHCTIFCATI0N LTIAITS 1032.02

DAE TI I "i SQUINCE IJT(ibs)

+5- 75 2~i 5Tk'Z 0.0 t
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TABLE -9.5-57 (ContinuedI)

P RlO JE C T : M.~ r s / 1 't u ~ •' A J Y r

SIEVE ANAlY~vS OF 1032 GRAVrl,

TENNESSEE VlldEUY AUTIOHT¶I s

PERCEWEl PAiSSINGc
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PROJECT: ~J ?-~~Io II
SIMV ANALYSIS OF 1032 GRAVEL
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TABLE 2.5-62

SU14MARY OF
'IHAN UNITY

SPT SAMPLES OF SILTY SANDS (SM) BELOW ERCW PIPELINES HAVING FACTOR OF SAFETY LESS
FOR 0.4 G PEAK GROUND SURFACE ACCELERATION

SPT Water
Boring Elev. Blow soil Liquid Plasticity Content D 50 Fines Con-

No. (ft) Counts Type Limit Index (%) (mm) tent (%~) Remarks

13 SH-SC 28.3

NP
23.0
23.0

NP
29.0
23.0
NP
NP
NP

30.8
25.9
25.9

Nip
NP

NP

27.0
NP

26.0
NP
NP
NP
NP

6.5

NP
1.0
1.0
NP
4.0
1.0
NP
N P
N P

6.9
3.3
3.3
N P
tip

tip
2.0
NP
2.0
NP
NP
NP
NP

25.1

26 .5

29.0
29.9
31.8
32.4
28. 7
30.0
31.2
21.2

28 .1

30.1
29.7
26.2
24.0

25.5
28.8
26.9
27 .4
28.8
33.5
33.5
38.4

0.074

0.110
0.990
0.990
0.120
0.080
0.080
0.120
0.120
0.650

.080
0.080
0.080
0.085
0.085

0.010
0.100
0.173
0.100
0.120
0.130
0.120
0.090

49.0

31.0
42.0
41.0
29.0
47.0
47.0
31.0
38.0
19.4

48.0
45.0
45.0
45.0
45.0

35.0
37.0
22.0
38.0
29.0
26.0
26.0
39.0

same sample

same sample

sa-me sample

700.9

700.7
700. 7
698. 7
696. 7
696. 7
692.7
690.7
688. 7
688. 7

699.9
697.9
695.9
693 .9
691.9

702 .2
700.2
700.2
698.2
698.2
696.2
696.2
694.2

Added by Amendment 50

SS-49

SS-49A

SS-131

SS-50A

same sample

same sample

same sample



TABLE 2.5-62 (Continued)

SUJMMARY OF SPT SAMPLES OF SILTY SANDS (SM) BELOW ERCW PIPELINES HAVING FACTOR OF SAFETY LESSTHAN UNITY FOR 0.4 G PEAK GROUND SURFACE ACCELERATION (continued)

Water
Soil Liquid Plasticity Content

Counts Type Limi t
Index (mm) tent CL) Remarks

D so Fines Con-
50) en

Sm
SM
SM
SH

G-SM

19 0-5K

3 SM
8 S M

34.1
NP
NP
Nip
NP

NP

NP
NP

23.0
NP

24.0
24.0

34. 1
30.0
NPl
NP
NP

31.0
NP
NP
NP

22.0
NP

same sample

same sample

Added by Amendment 50

Boring

No.

Elev.

(f L)

S PT
Blow

Ss-50

SS-133

SS-134

SS-134A

SS-135

SS-135A

701.8
697.8
695.8
693.8
691.8

704.0

710.5
708 .5

709. 5
709.5
707.5
707.5

712.0
710.9
708.9
706.9
704.9

714.5
712.5
710.5
708.5
706. 5
704 .5

47.0
43.0
43.0
47.0
33.9

29.0

26.0
31.0

35.0
30.0
27.0
43.0

7.6
N P
NP
Nip
Nip

NP

N P
Nip

1.0
tip
2.0
1.0

8.7
4.4
NP
N P
Nip

3.0
N P
NP
NUP
1.0
tN P

22.4
28.2
29.1
31.5
23. 7

17.3

29.3
27.5

30.0
29.1
27.9
28.9

23.6
20.1

25.3

24.3
22.8
24.3
34.2
27.0
30.9

0.084
0.098
0.093
0.087
0.190

0.250

0.148
0.141

0.105
0.110
0.100
0.090

0.078
0.105
0.120
0.120
0.120
0.100

48.0
33.0
29.0
29.0
33.0
35.0

Index
Remarks



TABL3E 2.5-62 (Continued)

SUMMARY OF
TH1AN UNITY

SPT SAMPLES OF
FOR 0.4 G PEAK

SILTY SANDS (SM) BELOW ERCW PIPELINES HAVING FACTOR OF
GROUND SURFACE ACCELERATION (continued)

SAFETY LESS

S PT Water
Boring Elev. Blow soil Liquid Plasticity Content D 50 Fines Con-

No. (ft) counts Type L Imi t Index (%.) (mm) tent (%L) Remarks

29.0
25.0
25.0
NP

25.0
26.0
25.0

33.1
N P

30.1
28.9

NP
N P
N P

SS-65B

SS-6 5

SS-136

SS-137

SS-138

713.2
711 .2
709.2
709.2
707 .2
705 .2
705.2

712.0
710.0
708.0
706.0
704.0

710.9
708.9
706.9

712.9

713.2
711.2
705 .2

713.2
711. 2
709 .2
707.2
705.2
705.2

2.0
1.0
1.0
NP
1.0
2.0
1.0

6.6
NP
5.1
3.5

NP
NP
NP

1.8

2.5
2.5
2.3

3.0
NP
1.0
2.0
1.0
NP

25.7
27.5
33.1
32.9
32 .5
27.1
30.8

21.5
15.7
23. 7
28.2

26.3
28.5
21.9

20.7

23.4
24.5
15.0

25.1
22.1
27.1
35.6
27 .8
29.1

0.085
0.090
0.100
0.110
0.100
0.075
0.100

0.077
0.132
0.091
0.140

0.100
0. 122
0.145

0.079
0.079

0.073
0.100
0.073
0.090
0.140
0. 180

43.0
41.0
38.0
31.0
34.0
50.0
35.0

48.0
32.5
43.0
34.0

40.0
35.0
33.0

49.0
49.0

50.0
36.0
49.0
41.0
31.0
21.0

same sample

same sample

no sample

s ame sample

Added by Am~endment 50

SM 25.9

SS-138A

28.1
28.1
26.4

29.0
N P

291.0
28.0
22.0

NP



TABLE 2.5-62 (Conitinued)

SUJMMARY OF SPT SAMPLES OF SILTY SANDS (SM) BELOW ERCW PIPELINES HAVING FACTOR OF SAFETY LESSTHAN UNITY FOR 0.4 G PEAK GROUND SURFACE ACCELERATION (continued)

S PT WaterBoring Elev. Blow soil Liquid Plasticity Content D 50 Fines Con-
No. (ft) Counts Type Limit Index MY~ (mm) tent M~ Remarks

SS-138B 710.6 8 SM 27.0 3.0 24.7 0.090 42.0708.6 9 SM 34.0 5.0 36.2 0.080 46.0
706.6 8 SM-SC 27.0 5.0 30.0 0.105 35.0
704.6 7 SM-SC 26.0 5.0 32.5 0.110 35.0

SS-138C 710.6 8 SM-SC 27.0 4.0 27.5 0.095 38.0

SS-139 711.5 8 SM NP NP 15.5 0.110 35.0
709.5 9 SM NP NP 18.2 0.110 35.0705.5 14 SM NP NP 22.1 0.375 13.0

SS-140 706.7 4 SM NP NP 38.7 0.110 36.0

SS-87 707.6 1? SM 31.6 6.2 27.5 0.078 48.0

SS-141 704.6 17 C-SM NP NP 7.8 0.79 19.0

SS-143 695.1 7 -
- no sample693.1 9 G-SP-SM NP NP 13.5 1.80 12.0

SS-143A 701.0 3 SM-SC 21.0 5.0 21.2 0.093 45.0
697.0 8 SM 37.0 11.0 43.1 0.130 41.0

SS-143B 696.3 21 SM 37.0 7.0 27.7 0.300 34.0

SS16 702.4 13 C-SM 21.6 1.9 14.6 0.200 25.0

SS-147 701.7 18 C-SM NP N4P 17.1 0.460 14.0

.;SS-15,3 707.74~ 15 G-SW-SM NP NP 10.8 2.500 10.0

Added by Amendment 50



TABLE 2.5-62 (Continued)

SUMMARY OF
T IAN UNITY

SPT SAMPLES OF SILTY SANDS (SM) BELOW ERCW PIPELINES HAVING FACTOR OF SAFETY LESS
FOR 0.4 G PEAK GROUND SURFACE ACCELERATION (continued)

S PT Water
Boring Elev. Blow Soil1 Liq1uid Plasticity Content D 50 Fines Con-

No. (ft) Counts Type Limit Index MV~ (Ranm) tent MX. Remarks

20 C-SM

SM
SM

SM
SM-SC
GM

711.5

712.0

720.9
718.9
716.9
714.9
710.9

720.9
718.9
718.9

718.4
716.4
708.4

717.8
715.8
713.8
711.8

721.0
719.0
717.0
715.0
713.0

22. 9

NP

NP
24.2
27.0
32. 1
26.2

26.0
NP
tip

NP
NP
NP

28.3
27.6
NP
NP

30.4
30.4
27.2
29. 7
28. 7

2.5

NP

UP
1.7
3.0
8.5
2.2

2.0
Nip
NP

N P
tip
tip

1.6
3.0
N P
N P

7.1
7.1
3.3
4.7
3.8

32.2

13.7

22.5
23.8
25.8
30.2
24.3

23.8
17.8
17.0

18.4
21.5
12.7

27.7
30.2
34.3
20. 4

28 .4
26.9
31.1
33.5
27.3

0.088

0.430

0.134
0.173
0.153
0.105
0.210

0.120
0.230
0.180

0.230
0.220
0.220

0.090
0.122
0.115
2.000

0.084
0.084
0.097
0.090
0.190

44.0

21.0

39.0
34.0
33.0
46.0
37.0

32.0
17.0
20.0

24.0
24.0
32.0

47.0
39.0
36.0
11.0

47.0
47.0
45.0
43.0
26.0

same sample

Added by Amendment 50

SS-158

SS-159

SS-160

SS-161A

SS-161

SS-16 2

SS-163

SM
SMH
SMH

SMH
S M

C-SM

SMH
S M
S M

C-SW-SM

SM-SC
SM-SC
S M
S M

C-SM



TABLE 2.5-62 (Continued)

SUMMARY OF SPT SAMPLES OF SILTY SANDS (SM) BELOW ERCW PIPELINES HAVING FACTOR OF SAFETY LESSTHAN UNITY FOR 0.4 G PEAK GROUND SURFACE ACCELERATION (continued)

SPT WaterBoring Elev. Blow soil Liquid Plasticity Content D 50 Fines con-
No. (ft) Counts Type Limit Index M~ (mm) tent M7~ Remarks

SS-163A 721.5 7 SM 31.0 7.0 28.9 0.080 48.0
719.5 11 SP-SH NP NP 28.2 0.220 8.0
717.5 4 SM 30.0 3.0 36.3 0.080 45.0
715.5 5 SH 31.0 5.0 34.3 0.098 43.0

SS-80 721.2 3 SM 41.6 14.6 29.1 0.120 44.0
715.2 7 SM 24.5 0.7 25.4 0.161 29.0

SS-164 719.0 9 SM-SC 31.5 8.6 27.4 0.240 33.0
717.0 15 a-SP-SH NP tip 16.2 0.750 12.0
715.0 20 G-SP-SK NP tip 20.9 0.340 10.0
713.0 11 SM 31.1 5.7 26.6 0.174 33.0

SS-165 716.7 3 SM-SC 30.7 8.1 23.3- -

714.7 2 SM-SC 30.7 8.1 34.4---

SS-84 713.4 2 SM 24.8 2.2 30.1 0.110 41.0

SS-130 715.7 10 SM NP NP 17.8 0.240 22.0
713.7 9 SM Nil tip 15.5 0.290 15.0

SS-128 712.1 2 SM NP tip 23.7 0.280 16.0

SS-127 712.2 0 SM-SC 23.3 4.4 36.1 0.079 48.0

SS-125 714.4 2 SM NP NP 29.0 0.130 8.0
708.4 16 G-SP-SM NP NP 21.7 0.660 8.0
706.4 17 - G-SP-SM tip tip 12.8 3.00 10.0

SS-25 715.6 e.2 SM NP NP 29.2 0.076 48.0

Added by Amendment 50



TABLE 2.5-62 (Continued)

SUMMARY OF SPT SAMPLES OF SILTY SANDS (SM) BELOW ERCW PIPELINES HAVING FACTOR OF SAFETY LESS
iThAN UNITY FOR 0.4 G PEAK GROUND SURFACE ACCELERATION (concluded)

S PT Water
Boring Elev. Blow soil Liquid Plasticity Content D 50 Fines Con-

No. (ft) Counts Type Limit Index (%.) (mm) tent ML Remarks

SS-28 713.4 10 SM NP NP 31.0 0.18 27.5

SS-170 719.2 4 C-SM-SC 34.8 11.5 29.1 0.125 42.0
717.2 17 G-SM-SC 34.8 11.5 23.6 0.125 42.0
715.2 18 G-SH-SC NP OJP 19.2 0.450 11.0

Added by Amendment 50



TABLE~ 2.5-63

SUMMARY OF SPT SAMPLES OF SILTS (ML) BELOW ERCW PIPELINES HAVING FACTOR OF SAFETY LESS THAN
UNITY FOR 0.4 G PEAK GROUND SURFACE ACCELERATION

S PT Wa te rBoring Elev. Blow soil Liquid Plasticity Content D 50 Fines Con-
N~o. (ft) Counts Type Limit Index (1)(mm) tent ()Remarks

SS-49 698.9 14 Mr. 28.8 5.3 26.1 0.070 53.0
696.9 ]2 Mr. 28.8 5.3 26.8 0.064 53.0

SS-49A 694.7 6 Mr. 22.0 1.0 28.3 0.070 53.0 same sample694.7 6 ML 22.0 3.0 28.0 0.070 54.0
692.7 5 ML NP rip 27.8 0.070 56.0

SS-50A 694.2 5 ML 29.0 3.0 34.8 0.070 55.0

SS-50S 703.8 10 Mr. 37.5 11.3 22.1 0.050 54.0

SS-132 702.1 13 MrL 43.1 15.2 25.7 -
700.1 15 ML 45.8 17.5 23.4 -

SS-135 714.9 12 Mr. 42.2 13.8 26.3 < 0.074 69.0

SS-135A 706.5 8 Mr. 27.0 2.0 32.1 0.073 51.0 \ same sample706.5 8 Mr. 29.0 7.0 - --
704.5 7 ML 25.0 2.0 32.1 0.073 50.0

SS-65B 715.2 14 ML 35.0 6.0 26.7 0.060 60.0

SS-65 714.0 16 ML 46.1 15.6 29.2 0.030 72.0

SS-136 712.9 9 ML 32.8 5 .7 25.0 0.070 53.0

SS-137 714.9 11 MrL 35.6 9.6 24.2 0.058 62.0
710.9 7 ML 31.7 5.6 25.0 0.070 52.0

-708.9 8 ML 31.7 5.6 25.3 0.070 52.0

Added by Amendment 50



TABLE 2.5-63 (Continued)

SUJMMARY OF SPT SAMPLES OF SILTS (HL) BELOW ERCW PIPELINES HAVING FACTOR OF SAFETY LESS THAN
LNITY FOR 0.4 G PEAK GROUND SURFACE ACCELERATION (continued)

SPT Wa te r
Boring Elev. Blow Soil Liquid Plasticity Content D 50 Fines Con-
No. (ft) Counts Type Limnilt Index MY~ (mm) Lent M~ Remarks

ML
ML-CL

ML

HL
ML

ML

CL-ML

ML

CL-IlL

ML

CL-ML
ML

ML

CL-ML

709.2
707.2

707 .5

710.7

708. 7

711.6

696.6

712.5

718.0

714.9

714.4
712.4

719.2

721.0

720.7
718.7

32.7
27.0

31.0

34.1

37.4

32.0

24.7

26.8

38.0

36.8
25. 7

24.6

36.0

37.4
39.0

5.9
5.1

3.9

6.2

12.9

10.0

2.0

4.2

12.0

13.2
2.3

2.4

12.1

11.5
14.2

28.4
29.6

32.8

25.0
17.4

43.9

46.5

31.9

29.4

35.7

35.8
30.9

28. 1

28 .2

31.9
31.2

0.070
0.067

0.056

0.061
0.073

0.038

< 0.074

0.072

0.064

0.055

0.076

0.075

0.059

0.060
0.015

53.0
52.0

63.0

54.0
50.0

62.0

72.0

53.0

59.0

58.0

51.0

51.0

53.0

58.0

Added by Amendment 50

SS-138

SS-139

SS-140

SS-8 7

SS-143C

Ss-101

SS-159

SS-161A

SS-161

SS-80

SS-164

SS-165

6 CL-ML



TABLE 2.5-63 (Continued)

SUMIMARY OF SPT SAMPLES OF SILTS (ML) BELOW ERCW PIPELINES HAVING FACTOR OF SAFETY LESS THANUN.ITY FOR 0.4 G PEAK GROUND SURFACE ACCELERATION (concluded)

S PT WaterBoring Elev. Blow Soil Liquid Plasticity Content D Fines Con-
50No. (ft) Counts Type Limit Index M ~ Runu) tent MX. Remarks

SS-166

SS-84

SS-130

SS-26

SS-27

720.5
718.5
716.5

711.4

717.7

718.0
716.0

713.1

ML
ML

CL-HL

ML

ML

HL
ML

ML

48.8
48.8
31.4

24 .5

35.7

24 .4

N P

23.1

19.8
19.8

9.1

1.3

11.3

0.6
NP

2.9

13.0
11.0
28.4

31.4

20.8

29.7

31.0

SS-169 119.1 8 CL-ML 43.0 17.0 31.8 0.021 78.0
117.1 6 ML 41.4 13.7 34.3 0.043 68.0115.1 6 ML 41.4 13.7 32.3 0.043 68.0113.1 5 ML 40.8 13.7 33.1 0.043 65.0

0.011
0.011
0.056

0.070

0.051
0.074

87.0
87.0
63.0

52.0

61.0
51.0

Added by Amendment 50



TABLE 2.5-64

SUMMARY OF SPT SAMPLES OF SILTY SANDS (SM) BELOW ELECTRICAL CONDUITS HAVING FACTOR OF SAFETY
LEiSS THAN UNITY FOR 0.4 G PEAK GROUND SURFACE ACCELERATION

Water
Boring Elev. Blow Soil Liquid Plasticity Content D 50 Fines Con-
No. (ft) Counts Type Limi t Index M1k (mru) tent (%) Remarks

SM
SP-SK
SP-SM
SP-SH

SM

20 SM-SC

NP
NP
Nip
NP

27.1

37.0

36.0
36.0
36.0

14 SP-SM

NP
tip
NP
lip

3.1

12.0

10.0
10.0
10.0

26. 7
26.5
24 .1

30.9

19.6

20.6

21.6
20. 7
27.0

NP 6.4

Added by Amendment 50

ss-171

SS-53

SS-173

SS-63

SS-57

708.2
706.2
704 .2
702.2

708.0

709.0

713.1
711. 1
709.1

715.0

0.20
0.26
0.27
0.27

0.15

0.086

0.078
0.078
0.078

13.0
7.0
9.0
8.0

40.0

47.0

48.0
48.0
48.0

0.75



TABLE 2.5-65

STRAIN CRITERIA FOR DETERMINING

POTENTIAL SETTL=4N-T OF SOILS SUBJECT

TO EARTHQUAKE WITH PEAK TOP-OF-GROU"D

ACCELERATION -OF 0.4051 AT

WATTS BAR NUJCLEAR PLANT

PERCENT VERTICAL. STRAIýN (%E,,)MATERIAL BELOW ABOVE/BELOWCLASSIFICATION WATER TABLE WATER TABLE

SP (<12% fines) 6 13?

SM or MI, (clean) 3 1 1.5 2

SC 1 1 0.52

CL or ML-CL 0.75 1 r

1. If potentially liquefiable

2. If loose N<15 but not potentialijj llqiieriable

3. If soft N<15 but not potentially liquefiable

4. Classification of SP-SM will be treated as SP for criteria

5. Classification of G-SM or SM-SC will be treated as SM for criteria

Added by Amendment 50




