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APPENDIX 2L

ADDITIONAL SAMPLING AND TESTING
OF THE FOUNDATION SOILS
AT RIVER BEND STATION

2L.1 INTRODUCTION

At the request of AEC and their consultants from the Waterways
Experiment Station (WES), additional sampling and testing of the
foundation soils at River Bend Station have been performed. The
program of investigation was as discussed and agreed upon at a
meeting in Vicksburg, MI, on January 15, 1974.

A total of 15 additional borings were made: Nos. 163 through 173
and 154A, 154B, 154C, and 154D. Borings 165, 166, 168, and 169
were the locations selected for undisturbed sampling of the
granular soils beneath Seismic Category I structures. One of
these borings was located in the area of the Unit 1 reactor. The
remaining two borings were located in the area of boring 111.
This boring was identified in the original PSAR and by the AEC
and their consultants as indicating loose materials. The
remainder of the additional borings were standard penetration
test borings with testing and sampling throughout the depth of
granular soil to be left in place beneath the Seismic Category I
structures. Four of these borings were located in the vicinity
of boring 111, approximately 25 ft north, south, east, and west
of this boring. In addition, one boring was located in the area
of each of the reactor foundations for comparison with the
undisturbed sample borings in these areas. The remainder of the
borings were located to provide at least one boring in the area
of each Seismic Category I structure. The plant orientation has
been rotated approximately 10 deg from that originally presented
in the PSAR, and these additional borings were in part
necessitated by this relocation. Fig. 2.5-24 shows the plant
reorientation and the location of all borings.

2L.2 STANDARD PENETRATION TESTS AND SOIL DENSITY

All of the additional standard penetration test borings indicate
competent dense granular materials within the buried channel
deposit which are to be left in place beneath the Category I
structures, including those additional borings within the
vicinity of boring 111. All of the N-value plots originally
presented in the PSAR have been revised for all borings within
the limits of influence of the Seismic Category I structures.
The plots have been
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extended to show the distribution of the higher N-values. This
has been done because it was felt that the original graphical
presentation biased the appearance of the data on the low side.
Furthermore, those data points which lie within the soil to be
left in place within the limits of influence of Seismic Category
I structures have been clearly delineated by the heavy dotted
line. This was done to clearly exclude the limits of influence
of Seismic Category I structures. These data are presented on
Fig. 2.5-53 through 2.5-65.

2L.2.1 Statistical Evaluation

A statistical evaluation of the N-values in the granular
foundation soils beneath the Seismic Category I structures has
been made to determine the frequency distribution of relative
densities. In making this evaluation as in previous evaluations
of the River Bend Station data, the following tests have not been
included: tests in clay layers, tests in the gravelly soils
immediately overlying the Tertiary clay which contain clay balls,
and tests in sands immediately overlying the Tertiary clay where
it is interpreted that the presence of the clay below the tests
reduced the penetration resistance. The data included in the
statistical evaluation are summarized in Table 2L-1 and shown
graphically on Fig. 2L-1 and 2L-2. The data include 430
individual data points from a total of 48 borings. These data
indicate an average relative density of 75 percent. Only
approximately 17 percent of the data are less than 60-percent
relative density and, of these, the only values (4) that are less
than 50 percent occur in boring 111. These data reinforce the
previous conservative selection of 70-percent relative density as
the average value for use in liquefaction analyses, as presented
in Section 2.5.4.8.

2L.2.2 Geological Variations and Soil Density

The foundation soil identified as the buried channel deposit of
the Citronelle formation which will be left in place beneath
Seismic Category I structures is described in detail in
Sections 2.5.1.2.2 and 2.5.4.2.4. They are generally cleaner and
coarser than the overlying and surrounding granular soils.
Nevertheless, it is variable as is any naturally occurring soil
deposit. It does contain varying proportions of fines and even
occasional clay layers. All soil samples have been individually
described and complete soil profiles developed for every boring.
All clay layers and complete soil profiles are shown on the
N-value plots. The method of presenting the standard penetration
test,
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N-values, would highlight any zones or layers of weakness.
However, none are identifiable within the limits of influence of
the Seismic Category I structures with the exception of the local
condition at boring 111.

When values less than 50-percent relative density were
encountered in boring 111 in the original investigation, a check
boring, boring 154, was put down just 5 ft away and the sampling
interval closed from 5 to 2.5 ft. No values less than 50-percent
relative density were obtained in this check boring. The
additional borings 154, A, B, C, and D, indicate a further
increase in density 25 ft away from boring 111. Therefore, these
data indicate that the condition at boring 111 is of very limited
lateral extent. Furthermore, a review of the sample descriptions
for boring 111 indicate that much of the low density zone is a
gravelly material.

2L.3 UNDISTURBED SAMPLING OF GRANULAR SOILS

2L.3.1 Drilling and Sampling Procedure

The procedure followed was that developed by WES for sampling
granular soils in the alluvial deposits of the lower Mississippi
Valley. The procedure is described in Bulletin No. 35 of the
Waterways Experiment Station, U.S. Army Corps of Engineers, June
1950, "Undisturbed Sand Sampling Below the Water Table." One
change from the WES procedure was the use of an Acker piston
sampler as the Hvorslev type was not available. Both are
stationary piston samplers of the activating rod type, and this
change had no effect on the field results.

The borings were advanced by the rotary drilling method, using a
4-in fishtail bit and "N" size drill rods. The bit was equipped
with baffles to block downward jetting of the drilling mud.
Drilling mud was mixed in and recirculated through a twin
reservoir mud pit. Commercial bentonite and barite were mixed
with water to make the drilling mud. Viscosity and density of
the mud were controlled by using a ratio of three parts bentonite
to one part barite and varying the water content. Mud density
was usually maintained between 65 and 80 pcf, depending upon
specific drilling conditions. Casing was not used in any of the
borings.

Typically, the borehole was advanced as rapidly as possible to a
depth of 10 ft above the first sample elevation. The final 10 ft
were drilled using the baffled fishtail bit with a maximum bit
rotation of 60 rpm and a maximum mud
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circulation of 30 gallons per minute. These rates were cut to
about 30 rpm and 20 gpm for final cleanout of the holes just
prior to sampling. Undisturbed sampling was attempted at depth
intervals of from 2 1/2 to 5 ft, center to center.

Actuating rods for the fixed piston sampler were 1/2-in diameter
steel. The rods were held stationary with respect to the ground
by clamping them to a special mast completely independent of the
drill rig. This mast was constructed by placing two screw-type
earth anchors on opposite sides of the borehole, fastening a
vertical 2 3/8-in steel rod to each anchor, and connecting the
two rods at the top by a horizontal steel cross-member. The
piston actuating rod was clamped to the center of the cross
member prior to pushing the sampling tube. This method maintains
the sampler piston in a fixed position (with respect to the
ground) even if the drill rig lifts while pushing a sampling
tube. The drill rig used was a Failing 1500, which is a heavy,
truck-mounted rig capable of providing in excess of 10,000 lb of
downward thrust on the sampler.

Sampling tubes were constructed from 16 gauge steel, 3-in ID,
seamless stock. Length of the tubes was such that when placed on
the sampler head a 24-in sample could be obtained. The cutting
edge of the tube was formed by spinning and reaming in a lathe.
The final result was an edge with diameter of 2.97 in with a
10-deg angle of taper and an area ratio of approximately
11 percent, which is identical to the tubes used by WES. The
tubes were cleaned and lacquered immediately after manufacture.

Upon retrieval of a sample, the bottom or open end of the sample
tube was capped with a plastic cap before removal from the
drilling mud. The sampler was then disconnected from the
drilling rods and gently lowered so that the sampling tube was
placed in a horizontal position. The plastic cap was removed,
and approximately 2 in of the end of the tube were cleaned out
with a cleanout auger. A filter paper and a perforated,
expanding neoprene-type packer were then placed in the end of the
tube against the remaining soil sample. Usually, it was
necessary to straighten the crumpled cutting edge of the sample
tube with vise-grips in order to place the packer. When the tube
was so badly deformed as to make straightening impossible (as,
for instance, when the cutting edge was bent inward to the extent
that the tube wall was doubled back against itself), the void
from bottom of sample to bottom of tube was packed with cotton
batting and the end of the tube closed with a perforated plastic
cap and tape. Photographs of the



RBS USAR

2L-5 August 1987

deformed ends of the sampling tubes are included in this
appendix.

After placement of the packer or cap, the sampler was rotated to
an upright position, the sampler head and piston removed from the
sample tube, and the upper end of the tube cleaned with the
cleanout auger. A loose fitting plug was placed against the soil
sample in the upper end of the tube, and the distance from the
top of the tube to the top of the upper plug was measured at four
equally spaced points and recorded. The sample was allowed to
drain in an upright position for approximately 24 hr before
sealing the ends with plastic caps and tape. Special shipping
crates were constructed so that each sample tube could be
completely encased in foam rubber and maintained in an upright
position until delivered to the laboratory. Transporting of the
samples from the site to the Boston Laboratory was by charter
aircraft. An S&W representative accompanied the samples during
the trip.

2L.3.2 Sampling Performances

While adhering to the WES procedure and as observed by AEC staff
and WES personnel during their visit to the site during the
sampling operation, great difficulty was experienced in
attempting to recover samples. Even applying a 10,000-lb thrust
(WES recommends 8,000 lb), it was not possible to advance the
sampling tube the full 2 ft into the soil to be left in place
beneath Seismic Category I structures, except three tubes in
boring 169, 5 ft from boring 111. Graphical summaries for each
of the four borings are presented on Fig. 2L-3 through 2L-6.
These plots show the thrust applied to each sample, the resulting
penetration of the sampling tube, and amount of sample recovered.
Additional data for each boring are presented in Tables 2L-2
through 2L-5. In most cases, the granular soil to be left in
place was so dense that the sampling tube could be advanced only
a few inches with the maximum thrust of the drill rig. This is
further demonstrated by contrast with the materials in borings
166 and 168 above elevation +20 ft where it was possible to
recover full tubes. In all cases except in clay, the ends of the
tubes were bent and in most cases badly bent.

A problem with the drilling procedure was the inability to keep
gravel from accumulating at the bottom of the drill hole during
the process of removing the wash rods and inserting the sampler.
Usually, the sample tube would have to penetrate from 1 to 3 in
of reworked gravel before reaching the in situ soil. In order to
determine the extent
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that the sample tube was deformed when being pushed through the
gravel cuttings, several tubes were pushed just through the
gravel, recovered, and examined. These experiments indicated
numerous nicks and minor dents occurred in the cutting edge of
the tube in passing through the gravel.

Nevertheless, the ability to recover full tubes in the overlying
materials of the lower N-values and in the underlying Tertiary
clay demonstrates that the primary resistance to sampler
penetration as observed is due to the dense sand encountered.
Furthermore, in boring 169, 5 ft from boring 111, four tubes,
samples 2, 6, 9 and 10, achieved almost full penetration. All of
these data are consistent with the densities indicated by the
standard penetration tests.

2L.3.3 Laboratory Testing of Tube Samples

The intent of this program was to obtain undisturbed tube samples
for laboratory density determinations. Even when ideal
conditions exist and full tubes are recovered, there are some
uncertainties as to the meaningfulness of such laboratory tests.
With an area ratio of only 2 percent, the unit weight of dense
soil expanding into the tube may be reduced by about 2 lb/cu ft
or an approximate 10-percent reduction in measured relative
density. Furthermore, in thinly layered material, maximum and
minimum densities on a mixture may bear no relationship to the in
situ density with all the grains in their specific geologic
sorting.

Nevertheless, at the insistence of the AEC and their consultants,
it was agreed in the meeting at Vicksburg on January 15, 1974, to
attempt to measure the in situ density of tube samples. But to
determine maximum density a sample in a section of the tube would
be vibrated to determine this maximum density with the natural
sorting of the soil grains.

However, as a result of the sampling difficulties, it is
questionable whether any samples are "undisturbed." Far from the
sophisticated problems of measuring density under ideal
conditions, in this particular case, the area ratio was increased
by an unknown amount passing through the reworked gravel and then
increased in some unknown manner until the tube could be advanced
no farther. This concern as to the condition of the samples was
expressed at a meeting with the AEC and their consultant in
Bethesda, MD, on April 10, 1974. For these reasons, it was
requested that density tests not be made on these samples.
However, at the insistence of the AEC and their consultant, these
tests have



RBS USAR

2L-7 August 1987

been performed. A report containing all the laboratory tests
performed on the samples is included in this appendix.

The laboratory observations provide visual evidence that the
samples in some cases were clearly disturbed as anticipated, and
this further fortifies the concern also for those samples where
such clear visual evidence of disturbance is lacking.

A total of eight samples lacked clear visual evidence of
disturbance and contained sufficient material for density
determinations. Test results and visual descriptions for the
tube samples are presented in the laboratory report.

Table II in the laboratory report summarizes the results of the
density measurements. From the tube samples, initial densities
and maximum densities in the natural sorting could be measured.
However, to calculate relative density, it is necessary to have
both maximum and minimum density. Therefore, these tests were
run on materials taken from the tube density samples.

A comparison of the maximum density in its natural geologic
sorting and the mixed material indicate a wide discrepancy, both
positive and negative. This further demonstrates the basis for
the concern expressed at the Vicksburg meeting for measuring
relative density on tube samples in stratified sands.

In order to use the available data to calculate relative density
values, it is considered that the two most meaningful values are
the initial density and the maximum density compacted in the
tube. The results on the mixed soil were therefore used only to
obtain a value for the difference between maximum and minimum
density. The relative density values determined in this manner
are reported in Table II of the laboratory report. Taken at face
value, the relative densities are quite consistent with those
indicated by the standard penetration tests for the materials to
be left in place, except that the values of 77 and 78 percent in
boring 169 near boring 111 are remarkably high.

2L.4 SUMMARY EVALUATION OF ADDITIONAL STANDARD PENETRATION
TEST AND "UNDISTURBED" SAMPLING BORINGS

In considering the laboratory data in relationship to the whole
deposit and the standard penetration tests, some conclusions can
be drawn.
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1. The resistance to tube sampler penetration increases
with soil density. Therefore, the samples recovered
and tested probably represent the looser of the
materials encountered in the borings. The densities
measured, therefore, are biased on the low side and
are not average representative data for the deposit.

2. The very limited penetration of most tubes is
evidence of the very dense nature of this granular
soil.

3. The gravel which accumulated at the bottom of the
holes in the undisturbed sampling procedure came from

throughout the depth of the deposit. Yet most gravel
particles were less than 1 in and on the average less
than 1/2 in. The tube samples themselves showed that
the deposit is mainly a sand. The method of carrying
out the standard penetration tests using a casing
precludes the accumulation of gravel in the bottom of
the hole.

On Fig. 2L-11, a comparison is made between the grain
size distribution of samples recovered by the split
spoon and the larger (3-in diameter) thin-walled
tubes. These data are from samples of the coarse
strata in the vicinity of boring 111. The data show
similar coarse particle size recovery for both
sampling methods. Therefore, the smaller diameter
split spoon does not exclude materials, since larger
particles are not generally present in this deposit
as indicated in the previous paragraph.

Therefore, in this sand deposit containing fine
gravel, the N-values can be considered generally

reliable and not generally influenced by the presence
of the gravel.

4. The anomalous density condition between elevation -25
and -45 ft in boring 111 is shown to be a very local
condition. Boring 169 also indicates that several of
the samples in this depth are gravelly materials.
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2L.5 EVALUATION OF SOIL LIQUEFACTION POTENTIAL

In Section 2.5.4.8 of the PSAR an evaluation of liquefaction
potential is presented based on a conservative selection of
parameters including an average relative density of 70 percent.
The minimum factor of safety calculated was 3. To further
demonstrate the very large margin of safety with respect to soil
liquefaction at the River Bend Station site, additional data have
been developed.

Fig. 2L-7 and 2L-8 compare the water table and effective stress
conditions (which are principal factors in determining
liquefaction potential) at the River Bend Station site to those
of other sites where liquefaction has been observed and are
reported in the literature. The case histories shown in these
figures were reported by Seed and Idriss (Reference 75 of Section
2.5) and comprise the largest assembly of information from actual
sites where liquefaction has been observed, where subsurface
information is known, and where the earthquake ground
accelerations were recorded or could be reasonably well
estimated. Fig. 2L-7 shows the water table for both the present
conditions and maximum flood conditions at River Bend Station to
be well below the lower bound limit for liquefaction to occur,
from case history evidence, for the design SSE. Fig. 2L-8 shows
the range of computed vertical effective stress for the buried
channel deposits between el +20 ft and -50 ft, for the River Bend
Station site, as compared to the previously cited case histories.
Again, this site falls well below the lower bound limit for
liquefaction to occur, as indicated from case history evidence.

Fig. 2L-9 summarizes an independent evaluation of liquefaction
potential of the buried channel deposits by Shannon & Wilson,
Inc., using procedures developed by Seed and Idriss. These
procedures were presented in Section 2.5.4.8 for evaluation of
liquefaction potential at the River Bend site and represent the
state-of-the-art in current engineering practice. On Fig. 2L-9,
a curve for the present water table and a curve for the water
table at the maximum flood are shown, and each represents the
division between a condition of liquefaction or no liquefaction,
for different combinations of maximum ground surface acceleration
and relative density. For any given ground acceleration, soil
deposits with relative densities falling to the left of these
curves are considered to be potentially liquefiable. Deposits
with relative densities to the right of these curves are not
likely to liquefy. Superimposing the frequency distribution of
the relative densities for the buried channel deposits from
Fig. 2L-1 onto Fig. 2L-9 shows
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the River Bend Station site to fall far to the right and well
into the zone of relative densities of soil deposits where
liquefaction does not occur for the design SSE.

All of these data demonstrate the large margin of safety against
liquefaction of the foundation soils supporting the Seismic
Category I structures for the design SSE at River Bend Station.

2L.6 CONCLUSIONS

a. The density measurements made on the tube samples are
not considered reliable because of sample
disturbance. The relative density values are
considered unreliable both due to sample disturbance
and soil stratification.

b. The undisturbed sampling program field performance
did, however, qualitatively verify the dense nature
of the granular soils as quantitatively measured by
the standard penetration tests.

c. The use of the standard penetration tests for the
granular soils at the River Bend Station site
provides the most reliable test method for measuring
the in situ density of these soils.

d. The relatively loose condition identified in
boring 111 is of very limited lateral extent and

occurs at considerable depth below any foundation
grade. Furthermore, a considerable portion of the
soil involved is a gravelly material.

e. When compared with available basis for determining
soil liquefaction potential, all of these data
demonstrate a large margin of safety against
liquefaction of the foundation soils supporting the
Seismic Category I structures for the design SSE at
River Bend Station.
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TABLE 2L-1

BORINGS WITHIN STRESS INFLUENCE OF
CATEGORY I FOUNDATIONS

Boring Below No. Spt Boring Below No. Spt
No. Elev. Tests No. Elev. Tests

     
101 0 5 154B +20 10
102 -20 4 154C +20 10
103 +20 10 1540 +20 13
104 +20 10 156 -20 2
105 +20 12 159 -10 4
106 +20 9 160 +20 13
107 +20 11 162 -30 2
108 +20 11 163 +20 8
109 +20 12 164 +20 11
110 +20 10 167 +20 12
111 +20 10 170 +20 10
112 +15 10 171 +20 12
113 +20 13 172 +20 13
114 +20 14 173 +20 12
115 +20 12 202 +20 10
116 +20 14 203 +20 10
118 -50 2 210 -20 5
119 -40 1 210A -15 7
120 -106  
121 - 5 7 TOTAL 48 TOTAL 430
122 + 5 10
123 +15 10
135 +20 10
136 +20 10
137 +20 10
138 +20 9
139 -25 2
149 -50 2
154 +20 9
154A +20 11

1 of 1
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TABLE 2L-2

SUMMARY OF UNDISTURBED SAMPLING

Ground Elev. = 104.0 Boring 165 Date completed 3-5-74


Sample Depth Elev. Soil Max. Total Total Sample Tube Sample Settlement
Number ft. ft. Thrust Penetration Recovered Condition Treatment During

* * ** lbs. ft. ft. Shipping


165-1 - - SP 10,000+ - - - Practice sample
165-2 - - SP 10,000+ - - - Practice sample -
165-3 75.0 +29 SP 10,000+ 1.0 1.0 Badly bent Discarded -
165-4 77.5 +26.5 SP 10,000+ 1.1 0.0 Badly bent - -
165-5 80.0 +24 SP 10,000+ 0.1 0.1 Badly bent - -
165-6 82.5 +21.5 SP 10,000+ 0.2 0.0 Badly bent - -
165-7 85.0 +19 SP 10,000+ 0.1 0.0 Badly bent - -
165-8 88.0 +16 SP 10,000+ 1.0 1.0 Badly bent Tube sealed Less than 1 mm.
165-9 90.0 +14 SP 10,000+ 0.7 0.3 Badly bent Discarded -
165-10 95.0 + 9 SP 10,000+ 0.5 0.5 Badly bent Discarded -
165-11 100.0 + 4 SP 10,000+ 0.3 0.3 Badly bent Discarded -
165-12 105.0 - 1 SP 10,000+ 0.1 0.0 Badly bent - -
165-13 110.0 - 6 GW 10,000+ 0.1 0.0 Badly bent - -
165-14 115.0 -11 GW 10,000+ 0.3 0.0 Badly bent - -
165-15 120.0 -16 SP 10,000+ 0.1 0.0 Badly bent - -
165-16 125.0 -21 SP 10,000+ 0.5 0.5 Badly bent Discarded -
165-17 130.0 -26 SP 10,000+ 1.0 1.0 Badly bent Tube sealed Less than 1 mm.
165-18 135.0 -31 SP 10,000+ 0.8 0.8 Badly bent Tube sealed Less than 1 mm.
165-19 140.0 -36 CL 8,500 1.9 1.9 Good Tube sealed Less than 1 mm.

* Measured to top of sample

** See Laboratory Testing results for detailed soil description
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TABLE 2L-3

SUMMARY OF UNDISTURBED SAMPLING

Ground Elev. = 110.5 Boring 166 Date completed 3-8-74


Sample Depth Elev. Soil Max. Total Total Sample Tube Sample Settlement
Number ft. ft. Thrust Penetration Recovered Condition Treatment During

* * ** lbs. ft. ft. Shipping


166-1 60.0 +50.5 SP 8,100 2.0 2.0 Slightly bent Tube sealed Less than 1 mm.
166-2 80.0 +30.5 SP 8,100 2.0 2.0 Slightly bent Tube sealed Less than 1 mm.
166-3 85.0 +25.5 SP 10,000 0.9 0.2 Badly bent Placed in jar -
166-4 90.0 +20.5 SP 10,000 0.7 0.7 Slightly bent Examined on site -
166-5 95.0 +15.5 SP 10,000 1.1 1.1 Badly bent Tube sealed Less than 1 mm.
166-6 100.0 +10.5 SP 10,000 0.1 0.0 Badly bent - -
166-7 105.0 + 5.5 SP 10,000 0.1 0.0 Badly bent - -
166-8 110.0 + 0.5 SP 10,000 0.1 0.0 Badly bent - -
166-9 115.0 - 4.5 GW 10,000 0.3 0.3 Badly bent Placed in jar -
166-10 120.0 - 9.5 GW 10,000 0.1 0.0 Badly bent - -
166-l1 125.0 -14.5 GW 10,000 0.3 0.3 Badly bent Placed in jar -
166-12 130.0 -19.5 GW 10,000 0.1 0.0 Badly bent Discarded -
166-13 135.0 -24.5 GW 10,000 0.2 0.2 Badly bent Placed in jar -
166-14 140.0 -29.5 GW 10,000 0.1 0.0 Badly bent - -
166-15 145.0 -34.5 GW 10,000 0.2 0.0 Badly bent - -

* Measured to top of sample.

** See Laboratory Testing results for detailed soil descriptions.
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TABLE 2L-4

SUMMARY OF UNDISTURBED SAMPLING

Ground Elev. = 108.5 Boring 168 Date completed 3-14-74


Sample Depth Elev. Soil Max. Total Total Sample Tube Sample Settlement
Number ft. ft. Thrust Penetration Recovered Condition Treatment During

* * ** lbs. ft. ft. Shipping


168-1 85.0 +23.5 SP 9,800 1.8 1.8 Badly bent Tube sealed Less than 1 mm.
168-2 90.0 +18.5 SP 9,800 0.5 0.0 Badly bent - -
168-3 95.0 +13.5 SP 10,000+ 0.1 0.0 Badly bent - -
168-4 100.0 + 8.5 SP 10,000+ 0.1 0.0 Badly bent - -
168-5 105.0 + 3.5 SP 10,000+ 0.3 0.3 Badly bent Placed in jar -
l68-6 110.0 - 1.5 SP 10,000+ 0.3 0.3 Badly bent Placed in jar -
168-7 115.0 - 6.5 SP 10,000+ 0.2 0.2 Badly bent Placed in jar -
168-8 120.0 -11.5 SP 10,000+ 0.4 0.4 Badly bent Placed in jar -
168-9 125.0 -16.5 GW 9,800 1.5 1.5 Badly bent Tube sealed Less than 1 mm.
168-10 127.5 -19.0 GW 9,800 0.2 0.2 Badly bent Placed in jar -
168-11 130.0 -21.5 GW 9,800 0.2 0.2 Badly bent Placed in jar -
168-12 132.5 -24.0 GW 9,800 0.2 0.2 Badly bent Placed in jar -
168-13 135.0 -26.5 GW 9,800 0.1 0.0 Badly bent - -
l68-14 140.0 -31.5 GW 9,200 1.5 1.0 Badly bent Tube sealed Less than 1 mm.
168-15 145.0 -36.5 SP 9,800 0.1 0.1 Badly bent Placed in jar -
168-16 150.0 -41.5 CL 4.200 2.0 2.0 Good Tube sealed Less than 1 mm.

* Measured to top of sample.

** See Laboratory Testing results for detailed soil descriptions.



RBS USAR

TABLE 2L-5

SUMMARY OF UNDISTURBED SAMPLING

Ground Elev. = 108.8 Boring 169 Date completed 3-20-74


Sample Depth Elev. Soil Max. Total Total Sample Tube Sample Settlement
Number ft. ft. Thrust Penetration Recovered Condition Treatment During

* * ** lbs. ft. ft. Shipping

169-1 122.5 -13.7 SP 10,000+ 0.1 0.0 Badly bent - -
169-2 125.0 -16.2 SP 8,800 2.0 2.0 Badly bent Tube sealed Less than 1 mm.
169-3 127.5 -18.7 GW 10,000+ 0.4 0.4 Badly bent Placed in jar -
169-4 130.0 -21.2 GW 10,000+ 1.0 0.8 Badly bent Tube sealed Less than 1 mm.
169-5 132.5 -23.7 GW 10,000+ 0.2 0.2 Badly bent Placed in jar -
169-6 135.0 -26.2 GW 4,600 2.0 0.8 Slightly bent Tube sealed Less than 1 mm.
169-7 137.5 -28.7 GW 9,800 0.3 0.3 Badly bent Placed in jar -
169-8 140.0 -31.2 GW 10,000+ 0.5 0.5 Badly bent Placed in jar -
169-9 142.5 -33.7 SP 7,800 2.0 2.0 Slightly bent Tube sealed Less than 1 mm.
169-10 145.0 -36.2 SP 9,800 1.9 1.9 Slightly bent Tube sealed Less than 1 mm.
169-11 147.5 -38.7 CL 7,800 2.0 2.0 Good Tube sealed Less than 1 mm.

* Measured to top of sample.

** See Laboratory Testing results for detailed soil descriptions













































Appendix 2M contains:

1. Summary Tables of CR and Triaxial S Test Results,
Report on the Liquefaction Potential of the Plant
Backfill, February 1978.

2. Resonant Column Test Results, July to November
1977, Stone & Webster Engineering Corporation.

APPENDIX 2M

LABORATORY TESTING
ON SAND SAMPLES
OF PLANT BACKFILL
RIVER BEND STATION
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APPENDIX 2N

PRESENTATION AND DISCUSSION OF
LOGS AND OTHER RECORDS OF PETROLEUM EXPLORATIONS

IN THE PLANT SITE AREA



WM. A. ROMANS

P.O. Box 168

Baton Rouge, Louisiana 70821

Office: 6042 Jefferson Hwy. Tel.: 504/924-1181

June 11, 1974

Dr. C. O. Durham, Jr.
Suite 212A
8312 Florida Blvd.
Baton Rouge, La. 70806

Dear Clay:

This letter is written to give you my personal knowledge of
those several wells drilled by Cavalier Oil Co. back in
1936/1937. The wells were named #1 Mackie, Mills, Bickham,
Young, Jacocks and Annison. They were drilled for Cavalier
Oil Co. by John R. Bunn, of Tyler, Texas, who was, at the
time, starting the practice of drilling so-called "slim
holes", that is, stratigraphic test holes in search of
structure. Thus, any shows that may have been logged would
have been purely coincidental, and the two listed in the
driller's log of the Mackie were, in my opinion, merely
bubbles of gas that tend to fluff up the mud, and break out
when it leaves the well bore. It could be any formation
gas, probably CO2 or H2S, and is usually such a small thing
as to warrant no further attention, especially since it did
not show on the electrolog.

In the drilling of these wells, my part was to catch
the samples from the flow line in 10’ intervals, describe
them, and later reconcile the samples with the electrologs
run by Schlumberger. All the wells were drilled to about
5,000’, and, in effect, we were mapping just above the "Het"
(Tatum Ls.). Still later, in 1946, a deep well was drilled
some 800’ south of the #1 Young, the Union Producing Co. #1
East, and it was dry and abandoned at 11,246’, with no shows
of oil or gas.

The "shows" that were reported in the Tunica-Homer #1
Baton Rouge Oil Co. well were not, in my opinion, actually
shows of oil or gas, because the same company drilled
another #2 well near #1, and it was dry, with no reported
shows of oil or gas, while the Cavalier #1 Mackie, drilled
north-west of the Tunica-Homer #1, and also west of the
plant site, had no shows of oil or gas, except the above
alluded to "gas" in the Mackie #1. With further reference
to the many "shows" of oil or gas in the Tunica-Homer #1,
things were run so slip-shod back in the early days that, in



many instances, motor oil or diesel would drip into the mud
stream, and there was your "show".
In conclusion, my experience in this part of the Florida
Parishes started in 1935, and I have followed all the wells
drilled since then. If I can be of further help in this
matter, please advise.

With kind regards, I remain,

Sincerely
yours,

Wm. A. Romans

Certified Member No. 1262 - American Association of Petroleum Geologists
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AFTER HAWKINS, M.E AND JIRIK, C.J., SALT 
DOMES IN TEXAS, L.QUISIANA, MISSISSIPPI, 
ALABAMA, AND OFFSHORE TIDELANDS: A SURVEY. 
UNITED STATES DEPARTMEN1 OF THE INTERIOR, 
BUREAU OF MINES, INFORMCTION CIRCULAR 8313, 
FIGURE 22,1966 

BY WARREN, D.H., HEALY, J.H. AND JACKSON, W.H. 
CRUSTAL SEISMIC MEASUREMENTS IN SOUTHERN 
MISSISSIPPI, JOURNAL OF GEOPHYSICAL 
RESEARCH, VOL. 71, NO. 14, JULY 15,1966 

*SEE FIGURE 2.5-11 FOR A.E.C. SEISMIC SECTION 
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SCOTT, K R., HAYES,  W.E. AND F I E T Z ,  R.P. GEOLOGY O F  T H E  E A G L E  
M I L L S  FORMATION.  T R A N S A C T I O N S  G U L F  COAST ASSOCIATION O F  
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ATLANTIC AND GULF COASTAL PROVINCE OF 
NORTH AMERICA. HARPER AND BROS., NEW YORK, 
N.Y., 1961 
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THIS MAP HAS BEEN PREPARED FROM: 

I. TECTONIC MAPS OF NORTH AMERICA USGS, I961 AND 1969 EDITIONS 

2. GEOLOGIC MAP O F  PART OF SOUTHEASTERN UNITED STATES SHOWING 
OUTCROP AND SUBCROP AREAS OF PALEOZOIC AND OLDER ROCKS 

PREPARED BY PHILIP B. KING 

BY PHILIP B. KING, 1961 

3. THE OUAtHlTA SYSTEM REGIONAL STRUCTURAL MAP BY PETER 1. FLAWN, 1960 

4. PHILLIPS FAULT OXLEY, E.M. AND RIDGEWAY, J.M. A STUDY OF THE 
JURASSIC SEDIMENTS I N  PORTIONS OF MISSISSIPPI AND ALABAMA. 
TRANSACTIONS GULF COAST ASSOCIATION OF GEOLOGICAL 
SOCIETIES, VOL. 17, P.24-48, 1967 

5. DIAGRAMMATIC MAP OUTLINING MAJOR STRUCTURAL FEATURES OF 
THE SOUTHERN ATLANTIC AND NORTHERN GULF COASTAL PROVINCE, 
MURRAY, G.E. GEOLOGY OF THE ATLANTIC AND GULF COASTAL 
PROVINCE OF NORTH AMERICA. HARPER AND BROS., NEW YORK, N.Y., 1961 
FISK, H.N. GEOLOGICAL INVESTIGATION OF THE ALLUVIAL VALLEY OF 
THE LOWER MISSISSIPPI RIVER. MISSISSIPPI RIVER COMMISSION, 
U.S. ARMY CORPS OF ENGINEERS, DECEMBER 1944 
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NOTE: 
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1. TECTONIC MAPS OF NORTH AMERICA USGS 
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PHILIP B. KING 

2. GEOLOGIC MAP OF PART OF SOUTHEASTERN 
UNITED STATES SHOWING OUTCROP AND 
SUECROP AREAS OF PALEOZOIC AND OLDER 
ROCKS BY PHILIP B. KING (1961) 

3. THE OUACHITA SYSTEM REGIONAL STRUCTURAL 
MAP BY PETER 1. FLAWN (1960) 

4. PHILLIPS FAULT OXLEY, E.M. AND RIDGEWAY, J.M. 
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2.THE BASE MAP HAS BEEN PREPARED FROM: 

UNITED STATES (A@U a USOS, 1964) 

TECTONIC MAPS OF NORTH AMERICA, USOS, 1961 AND 1960 
EDITIONS PREPARED BY PHIL IP 6. KING 

GEOLOGIC MAP OF PART OF SOUTHEASTERN UNITED STATES 
SHOWING OUTCROP AND SUBCROP AREAS OF PALEOZOIC 
AND OLDER ROCKS BY PHIL IP B.KINO, 1961 

THE OUACHITA SYSTEM REdIONAL STRUCTURAL MAP BY 
PETER T. PLAWN, I960 

PHILLIPS FAULT, OXLEY, E.M. AND RIDOEWAY, J.M. A STUDY 
OF THE JURASSIC SEDIMENTS I N  PORTIONS O F  MISSISSIPPI 
AND ALABAMA. TRANSACTIONS d U L F  COAST ASSOCIATION 
OF GEOLOOICAL SOCIETIES, VOL. I?, P.24-48, 1967 
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AN0 THE SALMON EVENT.  PROCEEDINGS OF THE SYMPOSIUM 
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AS LABELED 

NOTE: 
1. A LISTING OF U.S.G.S. GEOLOGIC QUADRANGLE 

MAPS USED IN THE PREPARATION OF THIS 
DRAWtNG ARE PRESENTED IN TABLE 2.5-1 

SOURCE: HEYLj A.V., BROCKj M.R., JOLLY, J.L. 
AND WELLS, C.L. REGIONAL 
STRUCTURE AT THE SOUTHEAST 
MISSOURI AND ILLINOIS-KENTUCKY 
MINERAL DISTRICT. U.S. GEOLOGICAL 
SURVEY BULLETIN 12028, PLATE 2, 
1965 
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NOTE : 
I. TTI- APPROXIMATE UPDIP LIMIT OF FAULT ZONE 
2. FOR DETAILED FAULTING NEAR THE SITE SEE FIGURE 2.5-26 

3. ADAPTED FROM MURRAY, G.E. GEOLOGY OF THE ATLANTIC AND 
GULF COASTAL PROVINCE OF NORTH AMERICA. HARPER AND BROS., 
NEW YORK, N.Y., 1961 
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0 PORT HICKEY FORMATION 

HOLOCENE FLOODPLAIN 

0 500 1000 1500 2000 2500 - 
SCALE-FEET 

0 500 6 00 900 - 
METERS 
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-2,000 
FT 

-4,000 
FT 
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FT 
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FT 

-10,000 
FT 

-12,000 
FT 

-14,000 
FT 

-1 6,OO 0 
FT 

-18,000 
FT 

-20,000 
FT 

-22,000 
FT 

-24,000 
FT 

-26,000 
FT 

GEOLOGIC TIME 

HOLOCENE- -~ 
PLEISTOCENE 

PLEISTOCENE - PLIOCENE - ._____.____-. 

PLIOCENE 

MIOCENE 

0 LIGOCENE 

EOCENE 

PALEOCENE 

UPPER 
CRETACEOUS 

LOWER 

CRETACEOUS 

UPPER 
JURASSIC 

__------ 
J u R AS SIC-TR ~ A S S ~ @ )  

PALEOZOIC (?) 

STRATIGRAPHY I LITHOLOGY 

-- SAND S I L T  CLAY 
V E R Y F l N E l i l m S r  

HOLOCENE FLOODPLAIN '  

SAND G'IAVEL CLAY 
SAND GRAVEL CLAY 

LOESS 
PO R T &KEY 
CITRONELLE 

-- 
-l----- 

1 - 1  I SANDSTONE, CLAY 

VICKSBURG I LIMESTONE AND C L A I  
X C K 3  0 N I 
COCKFIELD 
COOK MOUNTAIN 

CANE RIVER 
TALLAHATTA 

I SPARTA 1 # 
,CLAYSTONE 

I UPPER I 

UNDIFFERENTIATED CHALK AND MARL 

TUSCALOOSA SAND AND CLAY 
DANTZLER SAND AND CLAY 

LIMESTONE I WASHITA- 
FREDRICKSBURG 

CLAY, SAND 
PALUXY AND LIMESTONE 

LIMESTONE GLEN ROSE 

PEARSALL CLAY A N D  L I M E S T O N E  

JAMES - SLIGO LIMESTONE 

HOSSTON CLAY, SAND 
COTTON VALLEY AND LIMESTONE 

HAY NESVILLE 
LIMESTONE, 

SALT (?), AND 
REDBEDS (?) I SMACKOVER-NORPHLET 

LOUANN-WERNER(?) 
EAGLE MILLS(?) 

I 

BASE M E NT C 0 M P L E x?) METAMORPHICS-GRANITE 

I FIGURE 2.5 -21 

SITE STRATIGRAPHIC COLUMN 
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TUNICA- HOMER 
NO. I B.R.O.&G . 

K CAVALIER 
NO. I MACKIE 

TUNICA- HOMER 
NO. 2 B.R.0.8 G. 

I 
K 

MONCRIEF 
BUTLER 

+zoo0 4 NO.l WELL 

MONCRIEF 
ROSEDOWN 

PLANTATION NO. 1 WELL 

LA. LAND 
& EXPLORATlON CO. 

CROWN-ZELLERBACH "A" NO. 1 WELL 
SITE BOUNDARIES 

PLANT 

AMOCO PROD. CO. 
SMITH NO. 1 WELL 

0 

-2000 

SURFACE PROJECTION OF 
ZACHARY FAULT FROM FAULT 
PICKS IN WELLS TO THE SOUTH 

-4000 

TD4327  I I 
I 

1 1  
-6000 

-8000 

I 
-0255 -6586 I 

BASE GRAND GULF GROUP -7427 -7888 

-9349 -971 3 
-8285 -851 1 TOP WlLCOX GROUP 

- 1 0 , 0 0 0 ~  I 
-12,000 

-1 4,000 

-1 6,000 

-1 8,000 

-20,000 

TD 17,835 
TD 18,760 

- + 2000 

. o  

- -2000 

- -4000 

- -6000 

- -8000 

- -1 0,000 

- -1 2,000 

- -14,000 

- -16,000 

- -1 8,000 

- -20,000 

NOTE: 

FOR LOCATION OF CROSS-SECTION SEE FIGURE 2.5-18 

-LA. LAND & EXPLORATION COMPANY INFORMATION 
(PERSONAL COMMUNICATION BETWEEN MR. DEMENT, 
COMPANY GEOLOGIST, AND C.O. DURHAM, FALL 1980) 

KB = KELLY BUSHING 
TD= TOTAL DEPTH FEET 

I l l l l l l l l  
0 5000 10,000 

METERS 
0 1000 2000 

I I 
SCALE 

(HORIZ. & VERT.) 

I GEOLOGIC CROSS-SECTION K-K' 
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+ N22.000 

+ N20,000 

N24,000 -_ 

N22,000 

N 20.000 

NOTE : 
I .FOR CROSS-SECTION A-A' 

SEE FIGURE 2 . 5 - 2 5  
2 .  VERTICAL DATUM 

BY MEAN U . S .  SEA COAST LEVEL AND AS GEODETIC ESTABLISHED 

SURVEY 
3. CONTOUR INTERVAL 5 FEET 
4 .  FOR LOCATION OF PLANT AREA 

BORINGS SEE FIGURE 2 . 5 - 2 4  
5 .  FOR LOCATION OF PLANT EMBAYMENT 

AREA BORINGS SEE ENLARGEMENT 

Nl3OOO -t 

BARGE 

MSCHARGE- 
OUTFALL 

N 1 2 m  

INTAKE STRUCTURE - -7 

EMBAYMENT AREA 

+N'4t000 

wuo !y lq00 lSp0 2yo goo 
FEET 

METERS 

+ N'2*000 

FIGURE 2.5-23 

SITE BORING LOCATION PLAN 
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FIGURE 2.5 -24  

BORING LOCATION PLAN 
C*..QQ. - 

I I 
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A DISTANCE IN FEET ALONG SECTION LINE 

150 

100 

-100 

-150 

1000 2000 3000 4000 5000 6000 7 000 8000 9000 10,000 11,000 I 12,000 I 1 14,000 I 15,000 13,000 
1 1 1 I I 1 I I 1 

-200 

LEGEND 

SAND AND SILTY SAND 

ORGANIC SILTS 

SILTS & CLAYS 

c] LOESS 

I[111 CLAYS 

-0- CLAY LAYER 
* *  GRAVELLY LAYER 

S & CS - SANDS AND CLAYEY SANDS 
S & GS - SAND AND GRAVELLY SAND 
08 - BORING NUMBER 

150 

100 

5 0  

0 MSL s 
2 

-50 ii 

b 
4 

-100 

-150 

-200 

NOTE: 

1) FOR LOCATION OF THIS 

2) BORINGS ARE PROJECTED 
SECTION SEE FIGURE 2.5-23 

PERPENDICULAR TO SECTION 
LINE. 

0 100 200 300 400 500 

SCALE IN METERS 

I FIGURE 2.5-25 

GEOLOGIC SECTION A-A’ 
THROUGH SITE 

RIVER BEND STATION 
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I I 1  ' 1 ' '  I 
SCALE - MILES 

0 
I us 

KILOMETERS 

NOTE I 

1. HOLOCENE STREAM ALLUVIUM NOT SHOWN. 

2. SEISMIC PROFILE IS SHOWN ON FIGURE 2.5-35 

3 SEE FIGURE 2.5-33 FOR LOESS THICKNESS 

4. MODIFIED AFTER PARSONS, B E. GEOLOGICAL kACTORS INFLUENCING 
RECHARGE TO THE BATON ROUGE GROUND-WATER SYSTEMS, WITH 
EMPHl'SlS ON THE CITRONELLE FORMATION LOUISIANA STATE 
LIYIVERSITY, MASTER'S THESIS, 1967, PLATES VII 8 Vlll 

SECTION 9-8' IS SHOWN IN FIGURE 2.5-27 5. 

n w y  
61 

~~ 

FIGURE 2.5- 26 

GEOLOGIC MAP SHOWING 
FAULTING IN NEAR-SITE AREA 
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M SL 

-100 - 

-200 - 

-300 - 

-400 - 

-500 - 

0 5 10 

SCALE-MILES 

0 5 10 

SCALE-KILOMETERS 

LEGEND 

w 
4 
w 

C L A Y  

NOTE: - _  
I .  MODIFIED AFTER PARSONS, B.E. GEOLOGICAL FACTORS 

INFLUENCING RECHARGE TO THE BATON ROUGE 
GROUND-WATER SYSTEMS, WITH EMPHASIS ON THE 
C I TR 0 N E L L E FO R MAT I0 N . LOU I S 1 AN A S TAT E 
UNIVERSITY, MASTER'S THESIS, 1967, P L A T E  V l l l  

2 SEE F IGURE 2 . 5 - 2 6  FOR LOCATION O F  SECTION 8 - B '  

3. SEE PARSONS, 1967 F O R  CONTROL POINTS 

IuRE2.5-27 

GEOLOGIC SECTION B-B' THROUGH 
SURFlClAL DEPOSITS IN 

NEAR -SITE AREA I 
RIVER BEND STATION I UPDATED SAFETY ANALYSIS REPORT 
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SECTION C-C’ 

I 1 2 0  
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(102) 
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(107) (112) 
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2 
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I I I I I I 1 2 0  

80 

40 
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-80 

y. 
SECTION E-El 

80 

40 

0 

-40 

-80 

120 

80 

40 

0 

-4 

-80 

LOESS 

PORT HICKEY 
TOP-STRATUM SILTS AND CLAYS 

]] PORT HICKEY TERRACE SAND 

mj CITRONELLE SANDS AND CLAYEY SANDS 

CITRONELLE BURIED CHANNEL DEPOSITS 
SAND AND GRAVELLY SAND 

PASCAGOULA CLAY 

CLAY LAYER ------- 
GRAVELLY LAYER --_. 

- 1 - GROUNDWATER LEVEL - 
BORING NUMBER 

NO SAMPLES TAKEN ABOVE 75 FEET 
iu 
w 
Lf i 
2 
F 
E 
-1 
w 

1. BORING% ARE PROJECTED TO LINE OF SECTION 

2. FOR LOCATION OF THESE SECTIONS SEE FIG. 2.5-24 

0 50 100 

M E T E R S  

F E E T  

120 

40 

-40 

- 80 

c 

FIGURE 2.5-28 

SHALLOW GEOLOGICAL CROSS 
SECTIONS IN PLANT AREA 
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120 

8 0  

40 

0 

-40 

- 8 0  

120 

80 

40 

0 

-40 

-80  

SECTION G-G’ * 
1120 

SECTION H-H’ 

w@p 0 (116) w 
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40 

0 

- 40 

-80 

SECTION F-F’ 
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-40 

-80 

I I I I I I I 

LEGEND 

17 LOESS 

PORT HICKEY 
TOP-STRATUM SILTS AND CLAYS 

120 

80 

40 

0 

-40 

-80 

1 I PORT HICKEY TERRACE SAND 

CITRONELLE SANDS AND CLAYEY SANDS 

CITRONELLE BURIED CHANNEL DEPOSITS 
SAND AND GRAVELLY SAND 

. . . . . . . . . . . . . 

PASCAGOULA CLAY 

--a_- CLAY LAYER 

-- GRAVELLY LAYER 
/ 

GROUNDWATER LEVEL - 
& BORING NUMBER 

Jt NO SAMPLES TAKEN ABOVE 75 FEET 

NOTE: 
1. FOR LOCATON OF THESE SECTIONS SEE FIG 2.5-24 
2. BORINGS ARE PROJECTED TO LINE OF SECTION 

0 50 100 
l ! ! ! ! ! ! ! ! ! J  

0 sp rqo l!jO 200 
M E T E R S  

F E E T  

FIGURE 2.5-29 

SHALLOW GEOLOGIC CROSS 
SECTIONS IN PLANT AREA 
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-40  

0 10 20 30 40 5 0  - 
SCALE-FEET 
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NOTE: .. - 
SANDS AND CLAYEY SANDS FOR LOCATION OF THIS SECTION 

SEE FIGURE 2.5-24 
CITRONELLE BURIED CHANNEL DEPOSITS- 
SAND AND GRAVELLY SAND 

PASCAGOULA CLAY 

CLAY LAYER 

GRAVELLY LAYER 

GROUNDWATER LEVEL 

BORING NUMBER 
FIGURE 2.5-30 

SHALLOW GEOLOGIC CROSS 
SECTION 1-1' IN PLANT AREA 
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PLANT TRUE NORTH 

NOTE: 

1. SURFACE TOPOGRAPHY CONTOURS TAKEN FROM AERIAL 
TOPOGRAPHIC M A P  DATED 6-26-73 

2. TOP PASCAGOULA FORMATION CONTOURS INTERPRETED 
FROM AVAILABLE BORE HOLE DATA 

3. ALL CONTOURS ARE IN  FEET REFERENCED TO MEAN SEA LEVEL. 

LEGEND - TOP PASCAGOULA FORMATION CONTOURS - SURFACE TOPOGRAPHY CONTOURS 

0 200 400 600 

FEET 
0 5 0  100 1 so 200 

M E T E R S  

SCALE 

FIGURE 2.5-31 
SURFACE TOPOGRAPHY AND 

TOP PASCAGOULA FORMATION 
STRUCTURE MAP 
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I )  
I )  

4 > 1 SITE-3 M I L E S  WEST 

I 
POSITION OF PARSON’S 

I JACKSON FAULT* 

0 

0 2 4 6 8 10 

AIRLINE DISTANCE IN MILES 
NOTE: 

SEE FIGURE 2.5-26 FOR LOCATION OF THOMPSON CREEK 

* FROM PARSONS, B.E. GEOLOGICAL FACTORS INFLUENCING 

WITH EMPHASIS ON THE CITRONELLE FORMATION, LOUISIANA 
STATE UNIVERSITY, M A S T E R ’ S  THESIS, 1967 

RECHARGE TO THE BATON ROUGE GROUND-WATER SYSTEMS, 

+200 

0 0 2 4 
1 

12 
I I 

SCALE IN KILOMETER§ 

-~ 

1 FIGURE 2.5-32 

TERRACE PROFILES ALONG 
THOMPSON CREEK 
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0 2 4 6 8 1 0  
1 1 1 1 1 1 1 1 1 1 1  

SCALE-  M I L E S  
0 2 4 6 8 10 
11111(11111 

,- -- MISS. '-7- - ZA. 

LEGEND 

--- APPROXIMATE OUTLINE OF FLOODPLAIN 

--- L I N E S  ENCLOSING AREAS OF SIMILAR 
THICKNESS OF LOESS (e .9  12-14 F E E T )  

A S A M P L E D  TO 4 F E E T  FOR MECHANICAL 
A N ALYS I S AN D DE S CR I PTI 0 N S . 

0 SAMPLED TO THE DEPTH OF THE P R E -  
LOESS SEDIMENTS FOR MECHANICAL 
ANALYSIS AND DESCRIPTIONS. 

S A M P L E D  TO THE DEPTH OF THE PRE-  

AN A LY S I S . 
0 LOESS SEDIMENTS FOR MECHANICAL 

S I T E  12 AND EASTWARD HAS A M I X E D  
ZONE OF LOESS AND P R E - L O E S S  
S E D I M E N T  2 - 4  FEET T H I C K .  

TRAVERSE NO.l, SITES 1 TO 5; 
TRAVERSE N0.2, SITES 6 TO 12. 

SOURCE: SPICER, B.E. CHARACTERISTICS O F  
THE LOESS DEPOSITS AND SOILS IN  
E A S T  AND WEST F E L l C l A N A  
PARISHES, LA., LOUISIANA STATE 
UNIVERSITY, MASTERIS THESIS, 1969 

SCALE-KILOMETERS M 
FIGURE 2.5-33 

LOESS THICKNESS MAP 
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R 2  T 3  W Sp; 'N' 

TATUM 
LIMES1 

w lLC0X 
GROUP 

I 

'ONE 

- 

SOUTH 

NOTE: 
1. AVERAGE VERTICAL VELOCITY (TWO-WAY) 
28000 FEET PER SECOND 

2. THE LOCATION OF THIS SECTION 
IS INDICATED ON FIG. 2.5-26 

NORTH 

FIGURE 2.5-35 

SE ISMIC RE FLEC T I 0  N 
SURVEY PROFILE 
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LEGEND 

T ECTO N I C F E AT U R E S 

/ NORMAL FAULT, HACHURES ON DOWNTHROWN SIDE 

AXIS OF ANTICLINE 

AXIS OF SYNCLINE 

\\\\\\\\\\\\\ TECTONIC PROVINCE BOUNDARY 

NOTE: 

FELT AREAS ARE BASED ON EVALUATION OF 
FELT REPORTS 

REF EREN CES 

FISK,  H.N. GEOLOGICAL INVESTIGATION OF THE A L L U V I A L  VALLEY OF T H E  LOWER MISSISSIPPI  R I V E R .  
MISSISSIPPI  RIVER COMMISSION, U S ARMY CORPS OF ENGINEERS, DECEMBER 1944. 

COHEE, G.V. TECTONIC MAP OF THE UNITED STATES. UNITED STATES GEOLOGICAL SURVEY AND 
AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS, 1962. 

BECHTEL CORPORATION, F I N A L  S A F E T Y  ANALYSIS REPORT. MISSISSIPPI  POWER AND LIGHT COMPANY, 
GRAND GULF NUCLEAR STATION, DOCKET NOS. 50-416/417, JUNE 30,1978. 

FLAWN, P.T.; GOLDSTEIN, A.; KING, P.B.i AND WEAVER, C.E. THE OUACHITA SYSTEM, UNIVERSITY OF 
TEXAS, BUREAU OF ECONOMIC GEOLOGY, PUBLICATION NO. 6120, 1961. 

HADLEY, J.B. ANDDEVINE,  J.F. SEISMOTECTONIC M A P  O F  T H E  EASTERN UNITED STATES. M A P  MF-620 ,  
UNITED STATES, GEOLOGICAL SURVEY, 1974. 

N 

MAY 7, 1842 
NOV. 6, 1958 

FEB. 1, 1955 
NOV. 19, 1958 

0 50 100 150 200 - 
SCALE -KILOMETERS 

0 50 100 150 200 

SCALE - MILES 
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0 880 870 8 6 O  910 900 89O I 

f 390 

I 

28" -. 'w 280 

870 8 6 O  
920 910 900 890 880 9 30 950 940 

96' 

LEGEND 

TECTONIC FEATURES 

NORMAL FAULT; HACHURES ON DOWNTHROWN SIDE 

AXIS OF ANTICLINE 

3- AXIS OF SYNCLINE 

\\\\\\\\\\\\\ TECTONIC PROVINCE BOUNDARY 

NOTE: 
ISOSEISMALS ARE BASED ON EVALUATION 
OF FELT REPORTS. 
INTENSITIES ARE MODIFIED MERCALLI 
SCALE. 

REFERENCES 

FISK, H.N. GEOLOGICAL INVESTIGATION OF THE ALLUVIAL  VALLEY OF THE LOWER MISSISSIPPI RIVER. 
MISSISSIPPI RIVER COMMISSION, U S ARMY CORPS OF ENGINEERS, DECEMBER 1944. 

COHEE, G.V. TECTONIC MAP OF THE UNITED STATES. UNITED STATES GEOLOGICAL SURVEY AND 
AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS, 1962. 

BECHTEL CORPORATION , FINAL SAFETY ANALYSIS REPORT. MISSISSIPPI POWER AND LIGHT COMPANY, 
GRAND GULF NUCLEAR STATION, DOCKET NOS. 50-416/417, JUNE 30,1978. 

FLAWN, P.T.; GOLDSTEIN, A.; KING, P.B.; AND WEAVER, C.E. THE OUACHITA SYSTEM, UNIVERSITY OF 
TEXAS, BUREAU OF ECONOMLC GEOLOGY, PUBLICATION NO. 6120, 1961. 

HADLEY, J.B. AND DEVINE, J.F. SEISMOTECTONIC MAP OF THE EASTERN UNITED STATES. MAP MF-620, 
UNITED STATES, GEOLOGICAL SURVEY, 1974 .  

N 

0 50 100 150 200 - 
SCALE -KILOMETERS 

0 50 I00 I50 200 
1 I I I I 

SCALE - MILES 

I FIGURE 2.5-38 

ISOSEISMAL MAP OF THE 

OCTOBER 19, 1930 EARTHQUAKE 

RIVER BEND STATION I I UPDATED SAFETY ANALYSIS REPORT 



36' 

32. 

NOTE: 
OCCURRED AT 21:36 CST ON DEC.16,1931 

ADAPTED FROM UNITED STATES DEPARTMENT 
OF COMMERCE, UNITED STATES 
EARTHQUAKES, 1931 

36" 

34" 

32" 

FIGURE 2.5-39 

AREA AFFECTED BY EARTHQUAKE 
OF DECEMBER 17, 1931 
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34 
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32 

9 P  

Limits of felt area 
\ 

1' 89' 

@ .  

92' 91' 90' 

SOURCE: UNITED STATES DEPARTMENT OF 
COMMERCE, UNITED STATES 
EARTHQUAKES, 1967 

IS' 

14' 

13' 

2' 

1 FIGURE 2.5-40 

ISOSEISMAL MAP OF THE 
EARTHQUAKE OF JUNE 4, 1967 
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SOURCE: NUTTLI, O.W. THE MISSISSIPPI VALLEY 
EARTHQUAKES OF 1811 AND 1812; 
INTENSITIES, GROUND MOTION, AND 
MAGNITUDES. BULLETIN OF THE 
SEISMOLOGICAL SOCIETY OF AMERICA, 
VOL. 63, NO. I, FEBRUARY, 1973 

1 FIGURE 2.5-41 

GENERALIZED ISOSEISMAL MAP 
OF THE EARTHQUAKE OF 

DECEMBER 16, 1811 
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K I L O M E T E R S  ~. 

0 500 - 
MILES 

0 

I FIGURE 2.5-42 

SOURCE: ALGERMISSEN, S.T. SEISMIC RISK STUDIES IN THE 
UNITED STATES. PROCEEDINGS OF THE FOURTH 
WORLD CONFERENCE ON EARTHQUAKE ENGINEERING, 
SANTIAGO, CHILE, 1969 

SEISMIC RISK MAP 
OF THE UNITED STATES I 
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INTENSITY (MODIFIED MERCALLI )  

X FULLER, M.L. THE NEW MADRID EARTHQUAKE. 
U.S. GEOLOGICAL SURVEY BULLETIN 494, 1912 

REFERENCE EARTHQUAKES 

0 = 1811-1812 NEW MADRID 

M = N O V .  9, 1968 
A = OCT. 19, 1930 

~ 

FIGURE 2.5-43 

EARTHQUAKE INTENSITY - 
ATTENUATION CURVES FOR 
MISSISSIPPI VALLEY AREA 

~~ ~ 
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TECHNICAL REPORT NO, 5-69-4,1964 
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GROUNDWATER INDUCED SUBSIDENCE 
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CONTOUR VALUES IN F E E T  I BASED ON DATA IN 

FIGURE 2.5-49 

CONTOURS OF SUBSIDENCE INDUCED 
BY GROUNDWATER WITHDRAWAL 

IN BATON ROUGE FROM 1935-1976 
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NOTE: 
INDIVIDUAL GRAIN SIZE CURVES ARE PRESENTED 
IN APPENDIX 2 5  

I FIGURE 2.5-50 

COMPLETE GRAIN SIZE 
I PROFILE BORING NO. 112 
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NOTE: 
INDIVIDUAL GRAIN SIZE CURVES ARE 
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COMPLETE GRAIN SIZE 
PROFILE BORING NO. 114 
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ZONES SEE FIGURE 2 . 5 - 5 3  

I FIGURE 2.5-59 
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BORING 136 
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BORING 137 

BLOWS/ FOOT 
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BORING 138 

BLOWS/FOOT 

10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 
I I I 1 I I I I I I 1 I I I 

I I 1 I I I I I I I I I I I I 

LEGEND 

SOIL COLUMN SYMBOLS 

SILT 

vA CLAY 

S H A D E D  ZONES ON N - V A L U E  GRAPHS 

I\u SOIL EXCAVATED 

CLAY LAYER 

IN SlTU SOIL UPPER LIMIT OF ZONE OF INFLUENCE 
SEISMIC CATEGORY I STRUCTURE 

NOTES: 
I. N-  VALUES SHOWN GRAPHICALLY AT 

BOTTOM OF SAMPLING INTERVAL. 

2. SOILS CLASSIFIED IN ACCORDANCE WITH 
THE UNIFIED SOIL CLASSIFICATION SYSTEM. 

3. FOR SEE LOCATION FIGURE 2 3 - 7 2  OF THESE BORINGS 

4. FOR DEFINITION OF SYMBOLS FOR STRATIGRAPHIC 
ZONES SEE FIGURE 2.5-53  

TGURE 2.5-63 

N-VALUE PROFILES, 
BORINGS 135, 136, 137, 138 

FOUNDATION STRATIGRAPHY 
PLANT SITE AREA 

RIVER BEND STATION 
UPDATED SAFETY ANALYSIS REPORT 



BORING 154-0 BORING 154-C BORING 154-8 BORING 154-A 

BLOWS/ FOOT 

80 90 100 110 120 130 140 150 10 20 30 40 50 60 70 

BLOWS/ FOOT 

60 70 80 90 100 110 120 130 140 150 20 30 40 50 10 
I I I 1 ! I I I I I I I I 

BLOWS/ FOOT 

60 70 80 90 100 110 120 130 140 150 10 20 30 40 50 

BLOWS/ FOOT 

60 70 80 90 100 110 120 130 140 150 10 20 30 40 50 
LEGEND 

SOIL COLUMN SYMBOLS 
130 

120 

130 130 

120 

130 

120 
GRAVEL 

0 0 0  120 

3 

100 

2 

100 

7 

100 

[IIIIIIIIIII SILT 

kTj CLAY 

7 

100 

S H A D E D  ZONES ON N - V A L U E  GRAP 

F] SOIL EXCAVATED 

CLAY LAYER 

80 
80 80 

NOTES: 

1. N - VALUES SHOWN GRAPHICALLY 
BOTTOM OF SAMPLING INTERVAL 

I- 
W 

E 40 

I 

z 
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I- 
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-I 2c 
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I- 
W 

E 40 
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I- 
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I 
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I- 
W 2 40 

I 

t- 
W 

2 40 
2. SOILS CLASSIFIED IN ACCORDANC 

THE UNIFIED SOIL CLASSlFlCATlO' 
I 

z 

t- 
U 
> 
W 
-1 20 
W 

0 
z 
f! 

- 
BC 

3. FOR LOCATION OF THESE BORINGS 
SEE FIGURE 2 . 5 - 7 2 -  

I- 

> 
W 
-I 20 
W 

a . . .  
f . i  - 
+ - +  

* * -  
t i *  _ _ .  

W 
-I 20 

4. FOR DEFINITION OF SYMBOLS FOf 
STRATIGRAPHIC ZONES SEE FlGUR 

W * * *  . . .  

C 0 0 
. . .  _ . .  

. . .  
. . .  
w 

CH - 2C - 20 - 20 
. . .  
. 'SP . .  

8C 

PC 
- . .  

. . .  
m 

CL 
CH 

CL 

CL 

- 4( - 40 - 40 

FIGURE 2 5 -64  CH 

N-VALUE PROFILE 

BORINGS 154-A 154-6, 15 

FOUNDATION STRATIGI 
PLANT SITE ARE) 

- 6( - 60 - 60 

- 8  
- 80 - 8 C  
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UPDATED SAFETY ANALYSI - 10 - 101 - 1oc - 1oc 





BORING 136 
SAMPLE NO 

I S O W  

160 - 

170 - 

yl w 

180 - 
c 
yl 
n 
0 -  

190 - 

200 - 

210 - 

a. PLASTICITY CHART 

0' 0 2 0  30 4 0  SO 60 70 80 90 100 

LlOUlD LIMIT. L L  

b. PROFILE OF SOIL PROPERTtES 

Wn a LIMITS % 

I ! * I  I I 

PL Wn LL  

G R O U N D  ELEV 108 I 
WATER ELEV 57  0 

# LINE INDICATES 
STRAIN AT 
FAILURE Ye 

l5+5 

I0 

0 30 

f_ ESTIMATED VALUE 
OF 5 wm 

150 

160 

170 

I- 
YI YY 

180 I 
n 
0 

I- 

yl 

190 

200 

210 

c. INITIAL SHEAR MODULUS VERSUS EFFECTIVE 
CONFINING PRESSURE 

REFERENCES: 
a. TABLE 2.5-9 
b,c,d,e APPENDIX 2K 

NOTE: FOR A SUMMARY OF GRADATION ANALYSES, 
SEE FIGS. 2 .5 -50  TO 52 

e.CO NSOLlDATlON TESTING 
5" Pp 

I 2 3 4  6 8 1 0  20 3 0  4 0  60 

Fv , kg  c m 2  

d. SHEAR MODULUS (G/Go) AND DAMPING 
RATIO VERSUS STRAIN 

0.1 0 . 2  0 .5  I 2 5 10 2 0  5 0  
EFFECTIVE VERTICAL STRESS 5, , kg/cm2 

BORING 163 

SAMPLE 4 5  

GfPTn 188.0 fl 

ELEVATION -94.7 

SPECIMEN SIZE 

I .30 cm I 6.V cm dia. 

eO = 0 . 7 9 6  

w o =  26.7% 

so = 101% 

G = 2.73 

L L '  4 0  

PI = 2 0  

SOIL DESCRIPTION 
GREENISH GRAY SILTY 
FINE SANW CLAY 

SHEAR STRAIN IN % 

FIGURE 2.5 -66 

PASCAGOULA CLAY -TY PlCAL 
LABORATORY TEST RESULTS 

RIVER BEND STATION 
UPDATED SAFETY ANALYSIS REPORT 



I20 

80 

40 

0 

-40 

-80 

NORMAL 

BUILDING 

CONTROL ROOM 

PRIMARY DIESEL 
FOUNDING 
FILL BUILDING 

SECTION P-P' 

120 

80 

40 

0 

-40 

-80 

AUX. REACTOR 
BLDG. UNIT l \  BLDG., PRIMARY 

FOUNDING FILL-\ FUEL BUILDINGT 
TURBINE BUILDING7 

120 

80 

40 

0 

540 

80 

c. UJ 
w 
Y; 
i 
12 

SECTION Q-QI 

80 

40 

0 

-40 

- 8 0  

LEGEND 

LOESS 

PORT TOP-STRATUM HICKEY SILTS AND CLAYS 

SANDS AND CLAYEY SANDS 

CITRONELLE BURIED CHANNEL DEPOSITS 
SANDS AND GRAVELS 

TERTIARY (PASCAGOULA) CLAY 

CLAY LAYER 

GRAVEL LAYER 

GROUNDWATER LEVEL 

NOTES 
1. FOR LOCATION OF THESE SECTIONS SEE FIGURE 2.5-72 

2. STRATIGRAPHIC PROFILES FROM GEOLOGIC CROSS 

3. FOUNDATIONS ARE NOT TO SCALE 

SECTIONS - FIGURES 2-5-26  AND 29 

HORIZONTAL SCALE-FEET 

0 10 20 30 40 50 

HORIZONTAL SCALE-METERS 
- 

I FIGURE 2.5-67 

EXCAVATION CROSS SECTIONS 

RIVER BEND STATION 
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SECTION R-R '  

S T A N D B Y  
SERVICE WATER 

7 P R I M A R Y  PUMPHOUSE 
F O U N D I N G  FILL 

c Ly 

Y 

120 

80 

40 

0 

-40 

-80 

120 

80 

40 

0 

- 40 

-80 

\ \ 120 

80 

40 

0 

-40 

-80 

LEGEND 

r] LOESS 

PORT HICKEY 
TOP-STRATUM SILTS AND CLAYS 

S A N D S  AND CLAYEY S A N D S  

............. ~ ~ ~ ~ ~ ~ L ~ ~ B G U ~ ~ ~ E L C S H A N N E L  DEPOSITS 

TERTIARY ( P A S C A G O U L A )  CLAY 

---0- C L A Y  LAYER 

-- G R A V E L  LAYER 

G R O U N D W A T E R  LEVEL 

SECTION T-TI  
NOTES 

1. FOR LOCATION OF THESE SECTIONS SEE FIGURE 2.5-72 

2. STRATIGRAPHIC PROFILES FROM GEOLOGIC CROSS 

3. FOUNDATIONS ARE NOT TO SCALE 

SECTIONS - FIGURE 2.5-29 

120 

80 

40 

0 

-40 

.80 

0 50 100 I50 200 
I I , I , I ,  

HORIZONTAL SCALE-FEET 

20 30 40 50 

HORIZONTAL SCALE- METERS 

c Y 
Ly 

FIGURE -2 .5-68'  

EXCAVATION CROSS SECTIONS 
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loo 2 00 300 400  y 
w, 

DISTANCE IN  F E E T  z 

10 

051 

m 
a z 
0 :: 00 
m 
z - 
Ly 

w 

r I 

100 100 

050 0 5 0  

000 000 

DISTANCE IN F E E T  

a )  REFRACTION DATA 

10 20 30  4 0  

HORIZONTAL SCALE-METERS 

b )  COMPRESSION VELOCITY PROFILE 

I' 

WEST 
E A S T  SECTION S - S 

1 1 
I t 0  2 + 0  3+0 4 + 0  

I 

c 
1100 F T / S E C  ( 3 3 5  MISEC) 

+50 

2000 F T j S E C  (610 M/SEC) 

5 6 0 0  F T / S E C  (1705 M/SEC) 

NOTE FOR PROFILE LOCATION 
S E E  FIGURE 2 5 - 2 4  

~ 

FIGURE 2.5-69 
SEISMIC REFRACTION PROFILE 

SHOWING AVERAGE COMPRESSIONAL 
VELOCITY 

RIVER BEND STATION 
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v) 
n z 
0 : 
v) 

z 

0 50 100 150 200 250 

DEPTH IN FEET 

NOTE: 

RECORDING AT GROUND SURFACE 
SHOTS IN BORING 135 

.200 

.150 

v) 

n 
z 
0 
ki 
z .loo v) 

Ly r 
c 

.050 

.ooo 

v) 

n 

: 
5 

r 

z 
0 

v) 

Ly 

c 

0 50 100 150 200 250 

DEPTH IN FEET 

NOTE: 

RECORDING IN BORING 136 
FROM 50 TO 100 FOOT DEPTH 

.200 

.150 

.loo 

.050 

.ooo 
0 50 100 150 200 25 

DEPTH IN FEET 

NOTE: 

RECORDING IN BORING 109 

SHOTS IN HOLE 136 
(30' ADJACENT) AT 50 FOOT DEPTH SEISMIC ENERGY GENERATED BY 

HAMMER BLOWS AT GROUND SURFACE 

FIGURE 2 5 - 7 0  

'0 

DOWNHOLE VELOCITY SURVEY DATA 

RIVER BEND STATION 
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3 0 0  

v) 
0 z 
0 .200 x 
s 
z 

v) 

w 

c 

.loo 

.050 

0 
0 100 200 300 

DISTANCE IN FEET 

LEGEND 

(S) - SHEAR WAVE VELOCITY 

(P) - COMPRESSIONAL WAVE VELOCITY 

DATA AT ELEV. +48 FT MSL , 
,300 

v) 
P 
% 
0 .200 x 
z 
M 

z 
F 

.1 oa 

.050 

0 

DATA AT ELEV. +38 FT MSL 

0 100 200 300 

DISTANCE IN FEET 

NOTES 

TESTS WERE MADE IN BORINGS 
109, 113, 135, 136, 137, & 138 SHOWN 
ON FIGURE 2.5-24 

.300 

v) 
P 

.200 x 
E 
u) 

r 
F 

.I oa 

.05C 

0 
0 100 200 300 

DISTANCE IN FEET 

DATA AT ELEY. -12 FT M S L  

306 

v) 
P 

g .200 

z 
x 
z 
u) 

F 

.loo 

.050 

DATA AT ElEV. -92 FT MSL 

0 100 200 300 

DISTANCE IN FEET 

‘1 FIGURE 2.5-71 

IN-SITU CROSS HOLE 

TIME-DISTANCE DATA 
VELOCITY MEASUREMENTS 
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N c 

w 

0 

P 

W 

N 17654 
E 17550 
E L  98' Y 

a 
N 

w 

\ 

7 

BACKFILL TO APPROX E L  66 v 
\ 

\ 

v 
EXCAV EL 20 

L .  

t 
BACKFILL TO APPROX EL 

EL 94 

I 
BACKFILL TO EL 0 

i 
j 
I 

I 

1- 

I 
I 

!H:lV d 

\ 
\ 

I 

g 
W 

I 
I 
I 

I 
I 
I EXCAV 

-zi'- 
i 

E L  +96' 

N 1760 
-4 

N 1740 

N 1720 

N 1700 

N 1680 

N 16601 

N 16401 

NOTES 
1. SCALE: 1 = 50 U 0 S 
2. UNIT 2 SIMILAR TO UNtT 1 

EXCEPT AS SHOWN. 
3. DASH LINE INDICATES BUILDING 

FOUNDATION OUTLINE. 
4. CLASS I FILL IS OA CAT I 

FILL, ALL OTHER FILL IS 
NON-CAT I FILL. 

BERM CENTERLINE 
FLOOD CONTROL BERM SECTION. 

5. -----INDICATES FLOOD CONTROL 

2H Ic- '*'--+I 
/ CLASS I V  \ l IV  GRADE 

L G  SOUTH PLANT ROAD ~ EL +96' .--- 
,----- 

* /  -- 

FIGURE 2.5-72a 

PLANT EXCAVATION BACKFILL PLAN 
WITH BERM 
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NOTE: IN ORDER TO SIMPLIFY SLOPE 
STABILITY ANALYSIS, PONDED WATER 
BEHIND THE BERM IS TAKEN AT ELEV. +98 FT. 
AS STATED IN SECTION 2.4, THE WATER LEVEL 
IN WEST CREEK IS ALWAYS BELOW ELEV. 
+95 FT. 

1 00 

t 
I 

Z 

50 
a 
2 
> 
W 

0 

b 

0 10 20 30 40 

B 111 

J-"'"" 

PONDED WATER LEVEL = EL 68.7' 
GROUND WATER LEVEL = EL 68.7' 

UNIT 2 
1 EXCAVATION 

\ 

-2 00 -1 00 0 1 00 

HORIZONTAL SCALE - FT 

SOIL PARAMETERS 

UNIT WEIGHT FRICTION ANGLE 
TYPE PCF COHESION DEGREES 

I 115. 0 32 
It 125. 0 32 
III 130. 0 VARIES 
Ip 130. 0 35 
3.r 135. 0 32 

I FIGURE 2.5-72b 

SUMMARY OF SLOPE STABILITY ANALYSIS- 
UNIT 2 EXCAVATION CUT SLOPES I MORGENSTERN-PRICE - SSE LOADING I RIVER BEND STATION 

UPDATED SAFETY ANALYSIS REPORT 



100 ' 

t 
I 
2 50 ' 
z 
i- 

W 

W 

s 

0 '  

,c / GROUNDWATER LEVEL = PONDED WATER LEVEL 

UNIT 1 

EXCAVATION 
I 

SATURATED UNIT WT=130 PCF 
COHESION = 0 
FRICTION ANGLE = 36 DEGREES 

SATURATED UNIT WT = 130 PCF 
COHESION = 0 
FRICTION ANGLE = 35 DEGREES II 

-2 00 -1 00 0 1 00 

INFINITE SLOPE FACTORS OF SAFETY 

CASE d = 36" a =  42" 

STATIC 1.45 1.80 
OBE 1.28 1.59 
SSE 1.12 1.39 

[ FIGURE 2.5-72c 

SUMMARY OF SLOPE STABILITY ANALYSIS 
UNIT 2 EXCAVATION BACKFILL SLOPES 
SIMPLIFIED BISHOP - ALL LOADINGS I RIVER BEND STATION 
UPDATED SAFETY ANALYSIS REPORT 



INFINITE SLOPE FACTOR OF SAFETY 

STATIC 1.47 
OBE 1.28 

FS=1.90 STATIC 
FS=1.65 OBE 

SSE 1.11 FS = 0.93, SSE,d,,, 10" 
FS = 1.25, SSE, 20" 

FS = 1.33, SSE, & = 35' 
NOTE: IN ORDER TO SIMPLIFY SLOPE 
STABILITY ANALYSIS, PONDED WATER 
BEHIND THE BERM IS TAKEN AT ELEV. +98 FT. 
AS STATED IN SECTION 2.4, THE WATER LEVEL 
IN WEST CREEK IS ALWAYS BELOW ELEV. 
+95 FT. 

1 00 

t- 
LL 

I 
2 50 
a 

2 

I- 

> w 
J 
w 

0 

EVCAVATION 

-2 00 -1 00 0 

HORIZONTAL SCALE - FT 

SOIL PARAMETERS 

UNIT WEIGHT FRICTION ANGLE 
TYPE PCF COHESION DEGREES 

1 115. 

II: 125. 

m 130. 

19 130. 

P 135. 

0 32. 

32. 
VARIES FOR SSE 
OTHERWISE 35. 

35. 

0 32. 

100 

FIGURE 2.5-72d 

SUMMARY OF SLOPE STABILITY ANALYSIS 
UNIT 2 EXCAVATION CUT SLOPES 

SIMPLIFIED BISHOP - ALL LOADINGS 
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150 

50 

STATIC 
FS=1.64 OBE 

FS=1.51 

\ \  ERODED 
ZONE 

'I c 

- 50 0 50 100 

DISTANCE FROM TOP OF SLOPE, FEET 

REFER TO FIGURES 2.5-72d FOR SOIL PARAMETERS FIGURE 2.5-72e 

SUMMARY OF SLOPE STABILITY ANALYSIS 
UNIT 2 EXCAVATION CUT SLOPES SIM- 

PLIFIED BISHOP-ERODED, OBE & STATIC 
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60 
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z 

40 

2 3 0  
4 
u1 

2 0  

t 

10 

0 

-10 

-20  

- 3 0  

1976 1977 

NOTE: 
GROUNDWATER ELEVATION DATA FROM 
A TYPICAL OBSERVATION WELL LOCATED 
AT THE TOP OF SLOPE OF THE EXCAVATION 

1978 

_ 

FIGURE 2.5 -73 

PERFORMANCE OF THE 
DEWATERING SYSTEM 
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c) RESONANT COLUMN TESTING d) CYCLIC CONSOLIDATED UNDRAINED TRlAXlAL ( C i )  TESTING a) GRADATION ANALYSIS 
U S S’IANDARD SIEVE OPENING I U S  STANDARD SIEVE NUMBERS 

I I/? 3 / 4  3 ~ 8  10 16 30 50 100 200 

HYDROMETER 
I N  INCHES 

1.4 
100 

Y 

v) 

3 
n 
0 5 0  
€ 
IY 4 0  

3 0  

3 

2i 
v) 

€ 
2 0  

3 

X a 15 
s 10 2 0  4 0  60 

EFFECTIVE C O N F l N l f  

4 

LEGEND:  - 
--- 
--- 

0% 

0% 

0% 

0% 

0 1 2 3 4 5 

EFFECTIVE C O N S O L I D A T I O N  PRESSURE, ( fc ,  kg /cm 

CYCLIC T R l A X l A L  
TEST RESULTS 

E X T R A P O L A T I O N  
OF TEST RESULTS 

SEED & IDRISS 

v) Y 

’u 1.2 

2 
E 

>. V 

8 0  100 2 00 4 0 0  

G PRESSURE, PSI 

b) CONSOLIDATED DRAINED TRlAXlAL (S) TESTING 
I I I I I 

m 
N \ - 
c) a I 2.0 - 
0 - 
2 
a = 1.0 
v) 
v) 
Iy 
0: c In 

0 

1 0 0  1 0  I v 

&- 0.2 
$ 
a 

0 

90 8 

h’ 

6 g  
a 
Ly 

6 1  

0 z 
4 2  

R EFE RE N CES: a 
n 

a, b and d) I‘ REPORT ON THE LIQUEFACTION POTENTIAL OF 
THE PLANT BACKFILL,” FEBRUARY 1978 

0 4 8 12 16 20 
AXIAL STRAIN.€, 7. 

60 

5 0  

c) APPENDIX 2M 

10-4 10-3 10-2 10-1 
S HE A R I N G S T R A I N  A M  PLI TU D E, % 

0 to 1 3  
p = - . kg /cm 

FIGURE 2.5-74 

PLANT BACKFILL LABORATORY 
TEST RESULTS 

RIVER BEND STATION 
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I x  

D 60 
c u =  - 

D 10 

X 

X 

x t x x  x 
X X 

X 

$ 5  X x f X  
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X 
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X 
X 

X 

X 

X x r c  
xx 

X 

X 

X 

X 

X 
X 

X 

X 

l l l t  l r r ' J '  raili I r r ' , l  I ' I  I f i  ' I f  I 1 1 1 1 ' , 1  ' 

1.50 1.60 1.70 1.80 1.90 2.00 2.10 2.20 

C U  

FIGURE 2.5-75 

MAXIMUM DRY DENSITY (YD) 
VS. COEFFICIENT OF UNIFORMITY (C, ) 

- SEISMIC CATEGORY I BACKFILL 

RIVER BEND STATION 
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u. 
U 

114 
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112 

X 

X 

X 
x X x x %  x 

X X 

X 

X 

X 

X 

X 

X 

X 
x x x  x 

x x  

x X  

X 
X 

X 

X 

X 

X 

1 1 1  
1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.00 2.10 2.20 2.30 2.40 

* F R O M  B U R M I S T E R , D . M .  P H Y S I C A L ,  

R E S P O N S E S  O F  G R A N U L A R  S O I L S .  
A S T M  S P E C I A L  T E C H N I C A L  
P U B L I C A T I O N  NO. 322, 1962. 

S T R E S S - S T R A I N  AND S T R E N G T H  I FIGURE 2.5-76 

MAXIMUM DRY DENSITY (YD) VS. Cr - 
SEISMIC CATEGORY I BACKFILL I 
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5 0  

40 
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20 

10 

J 

TH EOR ETI C A1 N 0 R M A 1  
DISTRIBUTION FOR: 

STANDARD DEVIATION = 2.1% 
MEAN = 98.7% c NUMBER OF TESTS = 377 

4 
a 

91 92 93 94 95 

DEGREE OF COMPACTION (%) 

DEGREE OF COMPACTION (%) 

377 

-- - 300 

- =  200 

- - 100 

103 104 105 

FIGURE 2.5-78 

DEGREE OF COMPACTION 

DlSTR IBUTION 
DISTRIBUTION-SEISMIC CATEGORY I 
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LOADILIN. FT. I OF WALL 

STATIC 

DYNAMIC 

w I 

kFGj)  
SOIL* 

YwHZ-I 
WATER 

f Y 

1 

EFFECT OF 
COMPACT10 N I 

I L J I 
*APPLICABLE FOR ~g H~ ; IF H~ =- H ~ , H *  SHOULD BE TAKEN TO BE EQUAL 

TO HI SINCE STANDING WATER DOES NOT AFFECT THE MAGNITUDE OF 
EFFECTIVE STRESS 

LEGEND 
y,= UNIT WEIGHT OF WATER 

y, = UNIT WEIGHT OF SOIL (TOTAL) 

KO= AT REST EARTH PRESSURE COEFFICIENT 

A K A E  = ACTIVE EARTH PRESSURE COEFFICIENT FOR EARTHQUAKE 

a = SEISMIC COEFFICIENT 

FOR DESIGN COMPACTOR 

Hcl = 6'  

H c 2  = 14' 

cc 1080 PSF 

FIGURE 2.5 -79 

STATIC AND DYNAMIC LATERAL 
PRESSURES 
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7 

6 

5 

.END OF STEP 2 

STEP 1 STRIPPING OF 5 TO 2 0  FEET OF OVERBURDEN 
DEWATER FROM E L c t 5 7  TO = E L 0  
EXCAVATE FROM EL+95 TO EL+20 

STEP 2 BACKFILL FROM EL+20 TO EL+65 
RECHARGE WATER FROM EL 0 TO ELz+57 

STEP 3 BACKFILL FROM EL+65 TO EL t95 

RESULTING PERMANENT HEAVE AT END OF STEP 3 
REPRESENTS THE EFFECT OF THE STRIPPING 

FIGURE 2.5-81 

VERTICAL DISPLACEMENT 
EXCAVATION AND BACKFILL 
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+ N 2 2 . 0 0 0  

-t N 2 0 . 0 0 0  

- N 2 4 , 0 0 0 -  

, N 2 2 , 0 0 0  

N 2 0 , 0 0 0  

NOTES 1. VERTICAL DATUM: 

MEAN SEA LEVEL AS ESTABLISHED BY US.  COAST 
AND GEODETIC SURVEY 

2. SEWAGE TREATMENT PLANT DELETED. 

3. WASTE WATER TREATMENT PLANT ADDED. 
LOCATION E l  7,600, N14.500 
(LCN 01.02-009) 

4. GENERATION SUPPORT BUILDING ADDED. 
LOCATION E l  8,200, N17.400 
(LCN 01 -02-008) 

0 INDICATES BENCHMARK LOCATION 

+Nle*ooo 

+""""- 

I Nl2.000 

BENCH 
MARK 

I 
2 
3 
4 
5 
6 
7 

lloRTH 
COOM, 
2675.9 
19772.2 
11901.6 
17543.0 
6422.0 
m5.0 
m5.0 

EAST 
c00r0 
21778.4 
15854.7 
17137.9 
17770.0 
17770.0 
18l97.0 
m . 5  

1 

FIGURE 2.5.432 

BENCHMARK LOCATION PLAN 

-~ 
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N16,400 - 
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0 CJ c Ly 
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c 

NOTE 
1. SECTIONS A-A AND 6-6 

SHOWN ON FIGURE 2.5-84 

OF SOIL EXTENSOMETERS 
2. 0 INDICATES LOCATION 

E3 

FIGURE 2.5-83 

EXTENSOMETER LOCATION PLAN 
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UPDATED SAFETY ANALYSIS REPORT 



E l  t 4  € 3  

*7 S A N D S  8, G R A V E L S  t t E L  l 5  

t T E R T I A R Y  C L A Y  

*.- -- 5 9 9  ___- 

A - A  

€2 
( P R O J E C T E D )  € 6  

S E N S O R S  ( T Y P . )  P- 

\ A N C H O R  ( T Y P . )  

B-B 

FIGURE 2.5-84 

B U R I E D  C H A N N E L  
S A N D S  8, G R A V E L  T 

EL 110 

EL 9 4  

- - = : E L  110 

- E L  9 4  

EL.  15 

EL. -15 

-- 
E l .  - 4 5  

EL. -200 N O T E  
FOR LOCATION OF SECTIONS 
S E E  FIGURE 2 5 -83  

EXTENSOMETER PROFILES 
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NOTE 
LOCATIONS 22-27 AND 65-70  ARE PLUGS ONLY 

LEGENO 
- S E I W C  CATEGORY I STRUCTURES 

0 SETTLEMENT MARKER LOCATION 

L l7poo 
0 SO 100 I50 200 - _. .. 

F€ET 

PLANT SETTLEMENT MARKER 
LOCATION PLAN I 
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NOTE 
FOR LOCATION OF EXTENSOMETER E2 
SEE FIGURE 2.5-83 

FIGURE 2.5-86 

HEAVE DISPLACEMENT VERSUS 
TIME - EXTENSOMETER E2 
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NOTE 
FOR LOCATION OF EXTENSOMETER E3 
SEE FIGURE 2.5-83 

FIGURE 2.5-87 

HEAVE DISPLACEMENT VERSUS 
TIME - EXTENSOMETER E3 

RIVER BEND STATIQN 
UPDATED SAFETY ANALYSIS REPORT 



I20 

IOC 

I- 

2 
I 

CL 

z 

I- 

> 
W 

w 

0 
a 

80 

60 

40 

2 0  

A 0  

0 6  

0 . 5  

0.4 

0.3 

0.2 

0 .  I 

0 

ESTIMATED p u/ ,/- -I -, _ _ - - -  
. I  '\ \ 

_ - - - -  _ _ - -  - - _ - - - -  

-t P c  

11 ' F '  ' A '  ' J '  ' A '  ' 0 '  'Dl ' F '  ' A '  ' J '  ' A '  '0' ' D l  ' F '  ' A '  ' J '  ' A '  ' 0 '  ' D I  

1376 1977 1978 

NOTE 
FOR LOCATION OF EXTENSOMETER E4 
S E E  FIGURE 2.5-83 

FIGURE 2.5-88 

HEAVE DISPLACEMENT VERSUS 
TIME - EXTENSOMETER E4 
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AT END OF E X C A V A T I O N  
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NOTE 
FOR LOCATION OF EXTENSOMETERS 
SEE FIGURE 2.5-83 

FIGURE 2.5-89 

SECTION A-A DISPLACEMENT 
PROFILE ACROSS EXCAVATION 
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M A X I M U M  H E A V E  AT 
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NOTE 

FOR LOCATION OF EXTENSOMETERS 
SEE FIGURE 2.5-83 
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NOTES 
1. VERTICAL DATUM: 

MEAN SEA LEVEL AS ESTABLISHED BY U S .  COAST 
AND GEODETIC SURVEY 

2. CONTOUR INTERVAL EQUALS 5 FEET 

3. SEWAGE TREATMENT PLANT DELETED. 

4. WASTE WATER TREATMENT PLANT ADDED. 
LOCATION E17.600, N14.500 
(LCN 01.02-009) 

5. GENERATION SUPPORT BUILDING ADDED. 
LOCATION E l  8,200, N17.400 
(LCN 01.02-008) 

, , I  , ,  , l t y  5yo ' o y  ISp. 2 7 0  500 

SCALE - FEET 

100 200 300 400 500 

SCALE - METERS 

100 

t 

PLANT AREA-ORIGINAL TOPOGRAPHY r- AND FINAL SLOPES 
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SECTION 11 
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SECTION 14 

I 1 I I I I 
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CHANNEL 

LEGEND 

ORIGINAL GROUND 
SURFACE 

2 0 H  TO IV SLOPE ------ 
GROUND SURFACE 
FROM AERIAL 
SURVEY CONTOURS 

------ 

NOTES: 

ORIGINAL GROUND SURFACE 
OBTAINED BY FIELD SURVEY 
BY PYBURN AND ODOM INC. 
FOR LOCATIOFJ OF THESE 
CROSS - S E C T  IONS S E E  FIG. 2.5-9 

HORIZONTAL 6 VERTICAL 
SCALE I N  FEET AS MARKED 

FIGURE 2.5-93 

VALLEY CROSS SECTIONS- 
GRANTS BAYOU 
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ELEVATION - LOOKING WEST 

& I00 
2oo GWT 
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> -I00 
w w -J gl -200 
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EL.70 
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TYPICAL FAILURE MASS ANALYZED LIMIT OF CATEGORY I STRUCTURES 
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PROPERTIES OF: SOILS 
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FRICTION ANGLE 

32O 
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36 - 
O (SEISMICITY WITHOUT 35) 
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SOIL 

} IN SlTU SANDS ABOVE EL 50 

} CLASS I AND II FILL 

} IN SlTU SANDS BELOW EL 50 

ASSUME C = 0 FOR ALL SOILS 
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SEISMIC ACCELERATIONS 
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0 3 
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FIGURE 2.5-94 

STABILITY ANALYSIS 
PERMANENT SLOPES 
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T4S-RI W 
WESTERN TERMINATION OF 50 
MAPPED ZACHARY FAULT 

0 
45 

0 

PORT HUDSON FIELD 

52 
0 11 0/8900 

0 0 39 

----I 

57 
0 

0 
44 

53 

54 47011 1030 

I-\- 

/ ALSEN FIELDL\ 
1 INDIVIDUAL WELLS 
\ NOTSHOWN ,I 55 

'--- .130/14560 

r FAULT IN LA DEPT. OF CONSERVATION HEARING-1982 
DOCKET 82-742 (HOZ #2) DEPTHt17.200 FT. 

0 \ 

X INDICATES SURFACE PROJECTION FROM FAULT 0 
PICKS IN WELLS TO THE SOUTH-SEE TABLE 
FOR OTHER FAULT PICKS IN PORT HUDSON 
WELLS (CLAIBORNE AND DEEPER) 

THROW (FT)/DEPTH (FT) SHOWN BY WELLS WITH ZACHARY FAULT PICKS 

1 2 - 
MILES 

MAP NO. 

19 
23 
24 
25 

26 
27 
28 
29 
30 
31 

32 
33 
34 

35 
36 
37 

38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 

56 
57 
58 

59 
60 

61 
62 
63 
64 
65 

66 

WELL NAME 

GEORGIA PACIFIC #1 
TEXACO STATE LEASE 7590 
AMOCO BICKHAM #l  
B.T.A. PRODUCTION GEORGIA PACIFIC #1 OH 

AMOCO COLLIER #1 
AMOCO BICKMAN #1 
FRANKFORT BICKMAN #1 
AMOCO GEORGIA PACIFIC #2 
AMOCO LORMAND #1 
AMOCO BICKHAM #2 

B.T.A. PRODUCTION STATE LEASE 7591 
TEXACO STATE LEASE 7591 
AMOCO PENNINGTON FEE #4 

PENNCO PENNINGTON #1 
AMOCO PENNINGTON FEE #1 
AMOCO PENNINGTON FEE #2 

HESTER PENNINGTON #2 
PENNINGTON BROWN #1 
AMOCO PENNINGTON #3 
AMOCO LEBLANC #1 
PENNINGTON CARRUTH #1 
EXXON LEBLANC #2 
MCGUIRE SOLVANT #1 
CAVALIER ANNISON #1 
AMOCO CORONA #1 
SHELL MCVEA #1 
SHELL HUGHES #1 
TEXAS KNIGHT #1 
SOHIO WATSON #1 
ROWLEY PENNINGTON POPE #1 
L.L.&E. HARVEY #1 
WOMACK BARBER #l  
FRANKFORT BARBER #1 
MARTIN O'NEAL #1 

B.T.A. PRODUCTION ALBRITTON #1 
EXXON J.B. LEBLANC 
SLAPCO SAMUEL #1 

SLAPCO MCCOLLISTER #1 
SLAPCO MEAD ET AL #1 

SLAPCO NETTER #1 
SLAPCO BAXTER #l  
SLAPCO CRUMHOLT #1 
SLAPCO KIZER #1 
SLAPCO LELAND COLLEGE #l  

HUNT TRANS-MATCH A-1 

STH 

OH 
STH 

OH 
STH 

OH 
STH 

OH 
STH 

OH 
STH 

OH 
STH 

OH - ORIGINAL HOLE 
STH - SIDE TRACK HOLE 

TOTAL DEPTH 

17450 

9000 
6954 
6878 
2700 
767 1 
031 5 
6680 
5230 
7111 
7141 

4110 
16930 
11 750 
18468 
16870 

10339 
10300 

7300 
6900 
0300 
7340 
0820 
4801 
7200 
8244 
9800 
1500 
0000 

10006 
19221 
831 5 

12500 
13842 
18053 
17926 

201 00 
20226 
19112 
14813 
18863 
18888 
19504 
19285 
19180 
14387 
20225 19226 

DATE 

1977 

1980 
1979 
1979 
1980 
1979 
1960 
1979 
1979 
1980 
1980 

1980 
1980 
1973 
1979 
1979 

1962 
1955 
1979 
1981 
1955 
1981 
1958 
1937 
1980 
1979 
1980 
1952 
1976 
1953 
1981 
1968 
1957 
1981 
1981 
1980 

1981 
1981 
1980 
1981 
1981 
1981 
1979 
1980 
1978 
1981 
1981 
1980 

ZACHARY 
FAULT 

4017065 
45111330 
40/7000 35/8020 

? 20/7150 
4019250 
4019420 40/5310 

240 / 1 21 00 

180/11620 

40/9460 
40/9540 
6011 0980 

1 10 /8900 

470/11030 
13011 4560 

550/17000 

OTHER 
FAULTS 

110/10710 

13011 0910 

8011 1850 

70/ 11 750 

40/9420 

6011 0550 
501 1 1450 

130f 9720 
13011 1240 

I FIGURE 2.5-96 

1 ZACHARY FAULT SURFACE AND 
WELL LOG POSITIONS 
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FAULT PROFILE 
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ZACHARY FAULT IDENTIFIED IN 
WELL LOGS 
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DIESEL GENERATOR BUILDING SETTLEMENT 
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0 .  
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0. 

0. 

0 92 182 273 365 457 547 638 730 822 912 1003 1095 1187 1277 1368 1460 1552 1643 1734 1826 1918 2008 2099 2190 2281 

T I M E  A F T E R  OCT.1,1979 I N  D A Y S  

-1 -2 -3 L E G E N D  : M A R K E R  -4 

NOTE: PREDICTED VALUES OF TOTAL SETTLEMENT 
ARE SHOWN ON TABLE 2.5-19 

4- INDICATES DATE OF COMPLETION OF ROOF 

FIGURE 2.5-98 

SETTLEMENT HISTORY 
DIESEL GEN. BLDG 

- 
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CONTROL BUILDING SETTLEMENT 
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0 92 182 273 365 457 547 638 730 822 912 1003 1095 1187 1277 1368 1460 1552 1643 1734 1826 1918 2008 2099 2190 2281 

T I M E  AFTER OCT*l,1979 I N  DAYS 

LEGEND : MARKER -5 -6 - 3  -8 

NOTE: PREDICTED VALUES OF TOTAL SETTLEMENT 
ARE SHOWN ON TABLE 2.5-19 4- INDICATES DATE OF COMPLETION OF ROOF 

FIGURE 2.5-99 

SETTLEMENT HISTORY 
CONTROL BLDG 
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AUXILIARY BUILDING SETTLEMENT 
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C 92 182 273 365 457 547 638 730 822 912 1003 1095 1187 1277 1368 1460 1552 1643 1734 1826 1918 2008 2099 2190 2281 

T I M E  AFTER OCT.l,1979 I N  DAYS 

8-e-8 18 - 19 - 20 LEGEND : MRRKER - 21 

NOTE: PREDICTED VALUES OF TOTAL SETTLEMENT 
ARE SHOWN ON TABLE 2.5-19 

4 - INDICATES DATE OF COMPLETION OF ROOF 
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FUEL BUILDING SETTLEMENT 
-0 9 

0 .  

0 .  
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0 92 182 273 365 457 547 6 3 8  730 822 912 1003 1095 1187 1277 1368 1460 1552 1643 1734 1826 1918 2008 2099 2190 2281 

T I M E  AFTER OCT.1,1979 I N  DAYS 

e--B-B 11 6a--h 12 - 13 LEGEND : MFIRKER 1 4  

NOTE: PREDICTED VALUES OF TOTAL SETTLEMENT 

4- INDICATES DATE OF COMPLETION OF ROOF 

ARE SHOWN ON TABLE 2.5-19 



REACTOR BUILDING SETTLEMENT 

T 

I 
N 

F 
E 
E 
T 

-0 - 0 2  

0 - 0 0  

0.02 

0 *04 

0 - 0 6  

0.08 

0 .10  

0.12 

0 .14  

0.16 

0.18 

0 - 2 0  

0 022 

0 *24  

0 =26  

a -28  

0.30 

0 032 

0 -34  

0 -36  

0 -38  

0.40 
I f 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

0 92 182 273 365 457 547 638 730 822 912 1003 1095 1187 1277 1368 1460 1552 1643 1734 1826 1918 2008 2099 2190 2281 

T I M E  RFTER OCT.1,1979 IN DRYS 

LEGEND : MRRKER 8--8--e 15 - 16 - 17 

NOTE: PREDICTED VALUES OF TOTAL SETTLEMENT 
ARE SHOWN ON TABLE 25-19 

- INDICATES DATE OF COMPLETION OF ROOF 

FIGURE 2.5-1 02 

SETTLEMENT HISTORY 
REACTOR BLDG 
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RBS USAR

TABLE 2.5-1

LISTING OF USGS GEOLOGIC QUADRANGLE MAPS
OF THE UNITED STATES(1)

Quadrangle Author Number

1. Fairdealing Edward W. Wolfe GQ 320
2. Hardin (Marshall County) Glenn R. Scott GQ 759

and L. M. MacCary
3. Briensburg T. W. Lambert and GQ 327

L. M. MacCary
4. Elva Wilds W. Olive GQ 230
5. Dexter Edward W. Wolfe GQ 244
6. Calvert City (Livingston Dewey H. Amos and GQ 731

and Marshall Counties) Warren I. Finch
7. Hazel Lawrence V. Blade GQ 203
8. Heath (McCracken and Wilds W. Olive GQ 561

Ballard Counties)
9. Little Cypress (Ky.-Ill.) Dewey H. Amos and GQ 554

Edward W. Wolfe
10. Melber (Graves and Roger W. Swanson GQ 860

McCracken Counties)
11. Oak Level Wilds W. Olive and GQ 744

R. W. Davis
12. Paducah East Wilds W. Olive GQ 531
13. Paducah West and part of Warren I. Finch GC 557

the Metropolis Quads.
(Ky.-Ill.)

14. Smithland (Livingston Dewey H. Amos GQ 657
County

15. Symsonia Warren I. Finch GQ 326
16. Bandana and Olmstead Wilds W. Olive GQ 799

(McCracken and Ballard
Counties)

17. Bondurant (Fulton County, Warren I. Finch GQ 944
Kentucky and New Madrid
Counties, Mo.)

18. Marion (Crittenden and Robert D. Trace GQ 547
Caldwell Counties)

19. Fredonia William B. Rogers and GQ 607
William H. Hays

20. Shelterville and Dewey H. Amos GQ 400
Rosiclare

21. Golconda (Ky.-Ill.) and Dewey H. Amos GQ 546
part of the Brown
field Quad. in Ky.

22. Eddyville William B. Rogers GQ 255



2 of 2 August 1987

RBS USAR

TABLE 2.5-1 (cont)

Quadrangle Author Number

23. Birmingham Point Kenneth F. Fox, Jr. GQ 471
and Wilds W. Olive

24. Grand Rivers William H. Hays GQ 328
25. Fenton Robert W. Schnabel and GQ 317

Jules A. MacKallor
26. Hamlin and Paris Landing Lawrence V. Blade GQ 498
27. Rushing Creek David A. Seeland and GQ 445

Howard G. Wilshire
28. Cairo and Barlow (Ballard Wilds W. Olive GQ 885

County)
29. Blandville (Ballard and Wilds W. Olive GQ 938

Carlisle Counties)
30. Dublin (Graves and Hickman John D. Sims GQ 972

Counties)
31. Clinton (Hickman County) Wilds W. Olive GQ 1030
32. Blackford Dewey H. Amos GQ 873
33. Repton (Crittenden County) David A. Seeland GQ 754
34. Lovelaceville Warren I. Finch GQ 763
35. Joppa (McCracken County) Warren I. Finch GQ 652
36. Westplains (Graves County) Roger W. Swanson and GQ 587

Howard G. Wilshire
37. Cayce (Hickman and Fulton Wilds W. Olive GQ 601

Counties)
38. Farmington (Graves Warren I. Finch and GQ 530

County) James P. Minard
39. Hickory (Graves County) Lawrence V. Blade GQ 457
40. Lynnville T. W. Lambert GQ 414
41. Mayfield (Graves County) Warren I. Finch GQ 372
42. Kirksey Howard G. Wilshire GQ 246
43. Lynn Grove Wilds W. Olive GQ 268
44. Water Valley Warren I. Finch GQ 269
45. Crutchfield Howard G. Wilshire GQ 270
46. Mont Paul L. Weis and GQ 305

Paul K. Theobald
47. New Concord and part Howard W. Wilshire GQ 313

of Buchanan
48. Cuba Lawrence V. Blade GQ 322

___________________________

NOTE: The maps listed above were prepared by the USGS in
cooperation with the Commonwealth of Kentucky, the University
of Kentucky, and the Kentucky Geological Survey.

(1) Used in the preparation of Fig. 2.5-12.
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TABLE 2.5-2

OIL AND GAS FIELD DATA

Discovery                                                 Productive            Type of                              Cumulative Production                                
  Year            Field Name       No. Wells                      Zone           Production        Amoun      To Date

1 of 1 August 1987

1957                 Alsen                      6  Wilcox       Oil 969,309 bbls oil 1980
130,650 mcf gas

1975                False Rive                    14          Tuscaloosa       Gas 44,046,340 mcf gas  4/77
268,539 bbls cond

1978                Irene                      2           Tuscaloosa       Gas 7,055,189 mcf gas     7/1980
164,725 bbls cond

1977                 Judge Digby               3             Tuscaloosa       Gas 5,943,192 mcf           7/1980
16,290 bbls cond

1980                 Lockhart Crossing      1           uscaloosa       Gas 55,174 mcf gas          7/1980
2,869 bbls cond

1977                 Moncrief                     7           Tuscaloosa       Gas 4,724,782 mcf gas     7/1980
260,735 bbls cond

1978                  Port Hudson               8           Tuscaloosa       Gas 15,176,518 mcf gas   7/1980
1,811,350 bbls cond

1980                  Unnamed                    1           Austin       Oil Not known
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TABLE 2.5-3

CHRONOLOGICAL CATALOG OF EARTHQUAKES IN RIVER BEND STATION SITE REGION (200 MILE/322 KM RADIUS)
WITH MAGNITUDE (mb) > 3.0 OR MODIFIED MERCALLI INTENSITY ≥ III-IV

MM Magni- Dist.
Map Date Origin Degrees Degrees Depth of Inten- tude Felt Area from
No. Year Month Day Time (GMT) N Lat W Long Focus(km) sity (mb ) (sq mi) Site(km) Source

______________________________

Sources: 1. Daily Picayune. New Orleans, LA, May 9, 1842.
2. National Oceanic and Atmospheric Administration. Historical Earthquake Data File. National Geophysical and Solar

Terrestrial Data Center, U. S. Department of Commerce, Boulder, CO.
3. Nuttli, O.W. The Seismicity of the Central United States. Geology in the Siting of

Nuclear Power Plants, Geological Society of America, Reviews in Engineering Geology, Vol. 4, 1979, p 67-93.
4. National Oceanic and Atmospheric Administration. Earthquake History of the United States.

Publication No. 41-1 (with Supplement), U.S. Department of Commerce, 1982.
5. McClain, W.C. and Myers, O.H. Seismic History and Seismicity of the Southeastern Region of the United States.

Publication No. ORNL-4582, Oak Ridge National Laboratory, Oak Ridge, TN, June 1970.
6. Followill, Dr. F. E., personal communication, 1972.
7. Nuttli, O.W. and Brill, K.G., Jr. Earthquake Source Zones in the Central United States Determined from Historical

Seismicity, NUREG CR-1577, 1981.

1 of 2 August 1987

1 1842 5 7 30.2 90.7 III-IV 1,350 72 1
2 1927 11 13 16:21 32.3 90.2 V-VI 4.2 3,000 202 2,3,7
3 1927 12 15 04:30 28.9 89.4 IV 4.2 3,800 278 2,3,7
4 1929 7 28 17 28.9 89.4 IV 3.8 3,000 278 2,3,7
5 1930 10 19 12:12 30.1 91.0 VI 4.7 15,000 80 2,4,7
6 1931 12 17 03:36 33.4 90.5 VI-VII 5.0 65,000 314 2,4,5,6,7
7 1941 6 28 18:30 32.3 90.8 III-IV 3.6 179 2,3,7
8 1947 9 20 21:30 31.9 92.6 IV-V 4.0 175 2,3,7
9 1952 10 17 15:48 30.1 93.7 IV 3.8 239 2,7

10 1955 2 1 14:45 30.4 89.1 V 4.2 217 2,4,7
11 1958 11 6 23:08 29.9 90.1 IV 3.8 152 2,7
12 1958 11 19 18:15 30.5 91.2 V 4.2 300 31 2,3,7
13 1959 10 15 15:45 29.8 93.1 IV 3.8 2,500 201 2,3,7
14 1964 4 24 01:24:55 31.5 93.8 IV 3.8 249 2,7
15 1964 4 24 07:33:53 31.6 93.8 IV 4.0 253 2,7
16 1964 4 26 03:24:50 31.3 93.8 3.3 243 2,7
17 1964 4 28 00:30:46 31.5 93.8 IV 4.0 249 2,7
18 1964 4 28 21:18:35 31.2 93.8 V 4.4 300 250 2,3,7
19 1964 5 2 06:34:54 31.3 93.8 3.2 243 2,7
20 1964 5 7 20:01:39 31.2 94.0 IV 3.2 259 2,7
21 1964 6 3 02:27:24 31.5 93.9 IV 3.1 258 2,7
22 1964 6 3 09:37 31.0 94.0 III-IV 3.6 256 2,7
23 1964 8 16 11:35:31 31.4 93.8 V 3.0 246 2,7
24 1967 6 4 16:14:14 33.6 90.9 VI 4.5 25,000 318 2,4,7
25 1967 6 29 13:57:07 33.6 90.9 V 4.0 318 2,7
26 1975 9 9 11:52:44 30.7 89.3 IV 2.9 194 2,7
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TABLE 2.5-3

CHRONOLOGICAL CATALOG OF EARTHQUAKES IN RIVER BEND STATION SITE REGION (200 MILE/322 KM RADIUS)
WITH MAGNITUDE (mb) > 3.0 OR MODIFIED MERCALLI INTENSITY ≥ III-IV

MM Magni- Dist.
Map Date Origin Degrees Degrees Depth of Inten- tude Felt Area from
No. Year Month Day Time (GMT) N Lat W Long Focus(km) sity (mb ) (sq mi) Site(km) Source

______________________________

Sources: 1. Daily Picayune. New Orleans, LA, May 9, 1842.
2. National Oceanic and Atmospheric Administration. Historical Earthquake Data File. National Geophysical and Solar

Terrestrial Data Center, U. S. Department of Commerce, Boulder, CO.
3. Nuttli, O.W. The Seismicity of the Central United States. Geology in the Siting of

Nuclear Power Plants, Geological Society of America, Reviews in Engineering Geology, Vol. 4, 1979, p 67-93.
4. National Oceanic and Atmospheric Administration. Earthquake History of the United States.

Publication No. 41-1 (with Supplement), U.S. Department of Commerce, 1982.
5. McClain, W.C. and Myers, O.H. Seismic History and Seismicity of the Southeastern Region of the United States.

Publication No. ORNL-4582, Oak Ridge National Laboratory, Oak Ridge, TN, June 1970.
6. Followill, Dr. F. E., personal communication, 1972.
7. Nuttli, O.W. and Brill, K.G., Jr. Earthquake Source Zones in the Central United States Determined from Historical

Seismicity, NUREG CR-1577, 1981.

2 of 2 August 1987

27 1977 5 4 02:00:22.9 31.982 88.417 5 V 3.6 308 2,7
28 1978 6 9 23:15:19.1 32.094 88.580 10 3.3 300 2
28A 1978 12 11 02:06:48.2 31.95 88.484 5 V 3.5 301 2
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TABLE 2.5-4

CHRONOLOGICAL CATALOG OF EARTHQUAKES WHICH HAVE OCCURRED
200 TO 310 MILES (322 TO 499 KM) FROM THE RIVER BEND STATION SITE WITH MAGNITUDE

(mb ) > 4.0 OR MODIFIED MERCALLI INTENSITY ≥ V

______________________________

(1)Moment = 3.8x1022 dyne cm

Sources:

1.  National Oceanic and Atmospheric Administration.  Historical Earthquake Data File.  National Geophysical and Solar Terrestrial Data Center, U.S. Department of Commerce, Boulder, CO.

2.  Nuttli, O.W.  The Seismicity of the Central United States.  Geology in the Siting of Nuclear Power Plants, Geological Society of America, Reviews in Engineering Geology, Vol. 4, 1979, p 67-93.

3.  National Oceanic and Atmospheric Administration.  Earthquake History of the United States.  Publication No. 41-1 (with Supplement), U.S. Department of Commerce, 1982.

4.  McClain, W. C. and Myers, O. H.  Seismic History and Seismicity of the Southeastern Region of the United States.Publication No. ORNL-4582, Oak Ridge National Laboratory, Oak Ridge, TN, June 1970.

5.  Street, R. L.; Herrmann, R. B.; and Nuttli, O. W.  Earthquake Mechanics in the Central United States.  Science, Vol. 184, June 1974, p 1285-1287.

6.  Nuttli, O.W. and Brill, K.G., Jr. Earthquake Source Zones in the Central United States Determined from HistoricalSeismicity.  NUREG CR-1577.  1981.

            1 of 1 August 1987

Dist
Map Date Origin Degrees Degrees Depth of MM Magnitude Felt Area from
No Year Month Day Time (GMT) N Lat W Long Focus (km) Intensity (mb ) (sq mi) Site(km) Source

29 1883 6 11 18:16 35.1 90.0 VI 4.7 498 1,2,6
30 1886 2 5 01 32.8 88.0 V 388 1,6
31 1891 1 8 06 31.7 95.2 VII 3.8 383 1,6
32 1911 3 31 16:57 33.8 92.2 VI 4.7 18,000 348 1,3,6
33 1917 6 30 01:23 32.7 87.5 V 422 1,4,6
34 1918 10 4 09:21 34.7 91.7 V 4.4 30,000 440 1,2,6
35 1930 11 16 12:30 34.3 92.8 V 4.2 340 417 1,2,6
36 1932 4 9 10:15 31.5 96.0 V-VI 4.0 1,000 452 1,3,6
37 1939 6 19 21:43:12 34.1 92.6 V 4.3 25,000 390 1,2,6
38 1954 4 27 04:09 35.1 90.0 V 4.4 15,000 498 1,2,6
39 1957 3 19 16:38 32.6 94.7 V 4.3 10,000 379 1,3,6
40 1963 11 5 22:45:03.4 27.80 92.40 33 4.8 345 1,6
41 1969 1 1 23:35:36 34.8 92.6 12 VI 4.5 23,000(1) 465 1,3,5,6
42 1974 2 15 22:49:02 34.0 93.0 1 V 4.0 6,600 393 1,3,6
43 1974 12 13 05:03:58 34.7 91.9 5 V 3.4 441 1,6
44 1977 11 4 11:21:07.0 33.83 89.28 5 VI 3.4 392 1,6
45 1978 9 23 07:33:57.5 33.65 91.89 2 V 3.1 326 1
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TABLE 2.5-5

CHRONOLOGICAL CATALOG OF EARTHQUAKES WHICH HAVE OCCURRED
310 TO 480 MILES (499 TO 722 km) FROM THE RIVER BEND STATION SITE WITH MODIFIED

MERCALLI INTENSITY ≥ VI

1  of 2 August 1987

Dist.
from

Map __ Date______ _ Origin Degrees Degrees Depth of MM Magnitude Felt Area Site
No. Year Month Day Time (GMT) N Lat W Long Focus (km) Intensity (mb) (sq mi) (km) Source

46 1811 12 16 08:15 36.0 90.0 XI 7.2 2,000,000 596 1,2,5
47 1812 1 23 15 36.3 89.6 X-XI 7.1 2,000,000 637 1,3,5
48 1812 2 7 09:45 36.5 89.6 XI-XII 7.4 2,000,000 658 1,5
49 1843 1 5 02:45 35.5 90.5 VIII 6.0 400,000 533 1,2,5
50 1858 9 21 - 36.5 89.2 VI 4.7 668 1,5
51 1865 8 17 15 36.5 89.5 VII 5.3 24,000 660 1,2,5
52 1878 11 19 05:52 36.7 89.3 VI 4.9 150,000 666 1,2,5
53 1882 10 22 22:15 35.0 95.0 VII 5.5 135,000 583 1,2,5
54 1883 4 12 08:30 37.0 89.2 VI-VII 4.0 721 1,3,5
55 1889 7 20 01:32 35.2 90.0 VI 3.8 509 1,5
56 1895 10 31 11:08 37.0 89.4 IX 6.2 1,000,000 716 1,2,5
57 1903 11 4 18:18 36.9 89.3 VII 5.3 70,000 708 1,2,5
57A 1905 1 27 - 34.0 86.0 - VII - - 625 2,5
58 1905 8 22 05:08 36.8 89.6 VI-VII 5.0 40,000 690 1,2,3,5
59 1916 10 18 22:03:40 33.5 86.2 VII 571 1,5
60 1923 10 28 17:10 35.5 90.4 VII 5.3 40,000 534 1,2,5
61 1927 5 7 08:28 35.7 90.6 VII 5.3 130,000 554 1,2,5
62 1927 7 20 - 35.8 86.0 VI 4.7 69,000 748 1,3,5
63 1933 12 9 08:50 35.8 90.2 VI 4.2 100 570 1,2,5
64 1934 8 20 00:47:27 36.9 89.2 VI 4.7 28,000 711 1,2,5
65 1941 11 17 03:08 35.5 89.7 VI 4.7 19,000 549 1,3,5
66 1952 7 16 23:48:10 36.2 89.6 VI 4.7 626 1,5
67 1954 2 2 16:53 36.7 90.3 VI 4.4 30,000 667 1,3,5
68 1955 1 25 07:24:30 36.0 89.5 VI 4.7 30,000 607 1,2,5
69 1955 3 29 09:03 36.0 89.5 VI 4.7 3,800 607 1,3,5
70 1956 1 29 04:44:15 35.6 89.6 VI 4.7 5,000 562 1,3,5
71 1956 10 30 10:36 36.2 95.9 VII 4.7 3,700 739 1,2,5
72 1956 11 26 04:12:44 37.1 90.6 VI 4.7 21,500 708 1,2,5
73 1957 4 23 09:23:39 34.50 86.75 VI - 597 1,5
74 1959 8 12 18:06:07 35.0 87.0 VI 4.7 2,700 621 1,3,5
75 1962 2 2 06:43:29 36.5 89.6 25 VI 4.3 35,000ý¸ 658 1,2,4,5
76 1962 7 23 06:05:18 36.1 89.8 18 VI 4.2 3,800 611 1,3,5
77 1963 3 3 17:30:11 36.7 90.0 33 VI 4.7 100,000ý¸ 672 1,2,4,5
78 1965 8 14 13:13:54 37.1 89.2 5 VII 5.0 732 1,2,5
79 1965 10 21 02:04:38 37.5 91.0 25 VI 4.9 160,000 750 1,2,5
80 1967 7 21 09:14:49 37.5 90.4 35 VI 4.3 20,000ý¸ 754 1,3,4,5
81 1970 11 17 02:13:55 35.9 90.1 19 VI 4.4 30,000 583 1,2,5
82 1974 5 13 06:52:19 36.7 89.4 1 VI 4.1 684 1,5



RBS USAR

TABLE 2.5-5 (Cont)

Dist.
from

Map _____Date_________ Origin Degrees Degrees Depth of MM Magnitude Felt Area Site
No. Year Month Day Time (GMT) N Lat W Long Focus (km) Intensity (m ) (sq mi) (km) Source

2  of 2 August 1987

83 1975 8 29 04:22:51.9 33.82 86.60 5 VI 3.5 560 1,5
84 1976 3 25 00:41:20.5 35.59 90.48 15 VI 4.9 108,000 543 1,2,5
85 1977 1 3 22:56:48.5 37.55 89.79 5 VI 5.0 768 1,5
86 1977 6 2 23:29:10.4 34.61 94.19 10 VI 4.3 505 1,5
87 1979 2 27 22:54:54.0 35.919 91.240 9 VI 3.4 - 574 1

----------------------------------------------------------------

(1) Moment = 2.8 x 1022 dyne cm
(2) Moment = 7.7 x 1022 dyne cm
(3) Moment = 1.2 x 1022 dyne cm

Sources:

1. National Geographic and Atmospheric Administration. Historical Earthquake Data
File. National Geophysical and Solar Terrestrial Data Center, U.S. Department of
Commerce, Boulder, CO.

2. National Oceanic and Atmospheric Administration. Earthquake History of the United
States. Publication No. 41-1 (with supplement), U.S. Department of Commerce, 1982.

3. Nuttli, O.W. The Seismicity of the Central United States. Geology in the Siting of
Nuclear Power Plants, Geological Society of America, Reviews in Engineering Geology,
Vol. 4, 1979.

4. Street, R.L.; Herrman, R.B.,; and Nuttli, O.W. Earthquake Mechanics in the Central
United States. Science, Vol. 184, June 1974, p 1285-1287.

5. Nuttli, O.W. and Brill, K.G., Jr. Earthquake Source Zones in the Central United States
Determined from Historical Seismicity. NUREG CR-1577. 1981.
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1 of 2 August 1987

TABLE 2.5-6

MODIFIED MERCALLI INTENSITY SCALE OF 1931 (Abridged)

I. Not felt except by a very few under especially
favorable circumstances.

II. Felt only by a few persons at rest, especially on
upper floors of buildings. Delicately suspended
objects may swing.

III. Felt by some people indoors, especially on upper
floors of buildings, but many people do not recognize
it as an earthquake. Standing motorcars may rock
slightly. Vibration like that of a passing truck.
Duration estimated.

IV. During the day felt indoors by many, outdoors by few.
At night some awakened. Dishes, windows, and doors
disturbed; walls make creaking sound. Sensation like
a heavy truck striking a building. Standing motorcars
rocked noticeably.

V. Felt by nearly everyone; many awakened. Some dishes,
windows, etc, broken; a few instances of cracked
plaster; unstable objects overturned. Trees shaken
slightly. Small objects moved. Pendulum clocks may
stop. Hanging objects swing.

VI. Felt by all; many frightened and run outdoors. Some
heavy furniture moved; a few instances of fallen
plaster or damaged chimneys. Building damage slight.
Trees shaken moderately. Considerable dishes and
glassware broken.

VII. Everyone runs outdoors. Damage negligible in
buildings of good design and construction; damage
slight to moderate in well-built ordinary structures;
damage considerable in poorly-built or badly-designed
structures. Some chimneys broken. Noticed by persons
driving motorcars. Trees shaken moderately to
strongly. Heavy furniture overturned.

VIII. Damage slight in specially-designed structures; damage
considerable in ordinary substantial buildings, with
partial collapse; damage great in poorly built
structures. Panel walls thrown out of frame
structures. Fall of chimneys, factory
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TABLE 2.5-6 (Cont)

2 of 2 August 1987

stacks, columns, monuments, and walls. Very heavy
furniture overturned. Sand and mud ejected in small
amounts. Changes in flow of springs and wells. Trees
shaken strongly with branches or trunks broken off.

IX. Damage considerable in specially-designed structures;
well-designed frame structures thrown out of plumb;
damage great in substantial buildings, with partial
collapse. Buildings shifted off their foundations.
Ground cracked conspicuously. Underground pipes
sometimes broken.

X. Some well-built wooden structures destroyed; most
masonry and frame structures, including foundations,
destroyed; ground badly cracked. Rails bent.
Landslides considerable from river banks and steep
slopes. Sand and mud shifted. Water splashed over
banks. Serious damage to dams, dikes, and
embankments.

XI. Few, if any, masonry structures remain standing.
Bridges destroyed. Broad fissures in ground.
Underground pipelines completely out of service.
Earth slumps and land slips in soft ground. Much
water ejected, charged with sand and mud. Rails bent
greatly.

XII. Damage total. Waves seen on ground surfaces. Lines
of sight and level distorted. Numerous shearing
cracks in ground. Landslides, earth slumps, and
rockfalls numerous and extensive. Objects thrown
upward into the air.

Source: Adapted from National Oceanic and Atmospheric
Administration. Earthquake History of the
United States. Publication No. 41-1 (with
Supplement), U.S. Department of Commerce,
1973 and 1976.
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TABLE 2.5-7

SEISMIC RISK

                              

(1)Based on Murphy & O'Brien.  The Correlation of Peak Ground Acceleration Amplitude with
Seismic Intensity and other Physical Parameters.  Seismological Society of America
Bulletin, Vol. 67, No. 3, June 1977, p 877-915.

(2)Based on Gutenberg & Richter.  Earthquake Magnitude, Intensity, Energy, and Acceleration.
Seismological Society of America Bulletin, Vol. 46, No. 2, 1956, p 105-145.

Sources:  Attenuation relationships are from:

Brazee, R. J. Attenuation of Modified Mercalli Intensities with Distances
for the United States east of the 106~W, Earthquake Notes, Vol. 43, 1972,
p 41-52.

Gupta, I. N. and Nuttli, O. W. Spatial Attenuation of Intensities for
Central U.S. Earthquakes.   Seismological Society of America Bulletin,
Vol. 66, No. 3, June 1976, p 743-751.

Howell, B. F. Jr. and Schultz, T. R. Attenuation of Modified Mercalli
Intensity with Distance from the Epicenter.  Seismological Society of
America Bulletin,  Vol. 65, No. 3, June 1975, p 651-665.

1 of 1                                                                                                                                 August 1987

Probability
of Exceeding

 Epicentral OBE During
  Recurrence MM Intensity    Annual Risk of   Return  Plant Life

Attenuation Standard  Relation          3 Zones     Exceeding OBE   Period (Yr)       (%)     
Relationship Deviation     Source   Ω     β  Min Max (1)   (2)  (1)  (2) (1) (2)

Brazee   0.50 200 mi radius 0.28 0.948 4.0  7.0 0.0102 0.0031  98  323 33.5 11.7
(1972) 200 - 310 mi 0.38 0.817 4.0  7.0

New Madrid area 0.70 1.150 5.0 12.0

Gupta &   0.54 200 mi radius 0.28 0.948 4.0  7.0 0.00272 0.00071 368 1408 10.3  2.8
Nuttli 200 - 310 mi 0.38 0.817 4.0  7.0
(1976) New Madrid area 0.70 1.150 5.0 12.0

Howell &   0.64 200 mi radius 0.28 0.948 4.0  7.0 0.00294 0.000675 340 1481 11.1  2.7
Schultz 200 - 310 mi 0.38 0.817 4.0  7.0
(1975) New Madrid area 0.70 1.150 5.0 12.0

Average 18.3  5.8
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1 of 1 August 1987

TABLE 2.5-8

ATTERBERG LIMITS SUMMARY

Boring Sample Liquid Limit Plastic Limit Plasticity Index
Number Number (percent) (percent) (percent)

Loessal Deposit

112 1 29 17 12

114 1 35 19 16

115 1 43 21 22

Port Hickey Top-Stratum Silts and Clays

112 2 36 15 21

114 2 46 17 29

114 3 37 13 24

115 2 38 14 24

115 3 25 10 15
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TABLE 2.5-9

SUMMARY OF LABORATORY TESTING OF UNDISTURBED SAMPLES OF PASCAGOULA CLAY

Boring 136

NOTES: For undrained shear strengths, confining pressure = 2 kg/cm
unless marked *, where = 7 kg/cm. See notes on Page 4.

1of 4 August 1987

Undrained
In situ Max Past Shear

Water Stress Stress Strength
Sample El Content σ vo σ vm S Specific
Number (msl) (%) LL PL PI LI (Kg/cm) (Kg/cm) CR RR (Kg/cm) Gravity

32B -48 23 47 24 23 0.04 -- -- -- -- 2.95 --
34B -53 22 32 17 15 0.31 5.8 13.5 0.209 0.025 -- --
34C -54 21 -- -- -- -- -- -- -- -- 2.80 --
35B -56 23 29 18 11 0.44 -- -- -- -- 2.35 --
37B -60 20 38 17 21 0.26 6.1 12.5 0.160 0.017 -- 2.73
37C -61 20 42 24 18 0.21 -- -- -- -- 3.38 --
38B -63 23 40 17 23 0.27 6.2 15.0 0.240 0.030 -- 2.73
38C -64 25 41 16 25 0.38 -- -- -- -- 3.00 --
40B -69 25 34 16 18 0.49 -- -- -- -- 2.25 --
41B -71 27 38 18 20 0.44 -- -- -- -- 2.75 --
42B -73 26 36 15 21 0.53 6.5 15.5 0.323 0.021 -- --
42C -74 27 42 23 19 0.21 -- -- -- -- 3.40 --
43A -75 28 30 23 7 0.66 -- -- -- -- 2.15* --
43B -75.5 26 39 20 19 0.31 -- -- -- -- 5.20* --
43C -76 28 44 18 26 0.40 -- -- -- -- 3.15 --
44C -78 28 32 20 12 0.66 -- -- -- -- 2.20 --
45C -80 26 37 16 21 0.46 -- -- -- -- 2.78 --
46B -83 24 37 20 17 0.21 -- -- -- -- 5.15* --
46C -84 25 26 23 3 0.67 -- -- -- -- 2.13 --
47B -85 30 41 23 18 0.38 6.9 9.5 0.281 0.042 -- 2.73
47C -86 25 38 20 18 0.25 -- -- -- -- 3.23 --
48C -88 26 37 15 22 0.48 -- -- -- -- 2.73 --
49C -90.5 -- 34 17 17 -- -- -- -- -- 2.60 --
50B -93 26 43 19 24 0.29 7.1 16.0 0.339 0.027 -- --
50C -94 29 45 14 31 0.48 -- -- -- -- 2.30 --
51B -95 28 41 16 25 0.48 -- -- -- -- 2.75* --
51C -96 27 30 19 11 0.68 -- -- -- -- 1.93 --
52C -98 29 33 23 10 0.58 -- -- -- -- 2.35 --
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TABLE 2.5-9 (Cont)

Boring 138

                              
NOTES: For undrained shear strengths, confining pressure σ0 = 2 kg/cm2

See notes on Page 4.

2of 4 August 1987

Undrained
In situ Max Past Shear

Water Stress Stress Strength
Sample El Content σ vo σ vm S Specific
Number (msl) (%) LL PL PI LI (Kg/cm) (Kg/cm) CR RR (Kg/cm) Gravity

34B -51 30 48 19 29 0.37 5.8 11.0 0.279 0.025 -- --
34C -52 29 46 17 29 0.43 -- -- -- -- 2.45 --
36B -56 29 41 19 22 0.45 6.0 16.0 0.379 0.028 -- 2.76
36C -57 28 42 18 24 0.40 -- -- -- -- 2.93 --
37C -59 20 42 16 26 0.17 -- -- -- -- 3.03 --
38B -61 22 43 17 26 0.20 6.2 15.0 0.239 0.031 -- 2.74
38C -62 25 40 15 25 0.39 -- -- -- -- 3.05 --
40B -66 29 41 18 23 0.48 -- -- -- -- 2.15 --
42B -71 28 41 19 22 0.40 6.5 14.5 0.320 0.029 -- --
42C -72 28 46 16 30 0.41 -- -- -- -- 3.28 --
43C -74 29 41 15 26 0.53 -- -- -- -- 2.35 --
44C -77 24 37 14 23 0.44 -- -- -- -- 2.30 --
45B -78 28 39 16 23 0.50 6.7 15.0 0.292 0.030 -- --
45C -79 27 38 17 21 0.47 -- -- -- -- 2.30 --
46B -82 28 34 18 16 0.63 -- -- -- -- 1.70 --
48B -86 29 42 15 27 0.51 -- -- -- -- 3.08 --
49B -88 27 42 17 25 0.42 7.1 16.0 0.325 0.017 -- 2.72
49C -89 26 40 16 24 0.43 -- -- -- -- 2.88 --
50B -92 25 37 15 22 0.46 -- -- -- -- 2.70 --
51B -94 23 34 16 18 0.39 -- -- -- -- 2.20 --
52A -97 32 44 15 29 0.60 -- -- -- -- 1.53 --
53B -99 28 40 16 24 0.49 -- -- -- -- 1.25 --
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TABLE 2.5-9 (Cont)

Boring 163

NOTES: For undrained shear strengths, confining pressure σ0 = 2 kg/cm2

See notes on Page 4.

3 of 4 August 1987

Undrained
In situ Max Past Shear

Water Stress Stress Strength
Sample El Content σ vo σ vm S Specific
Number (msl) (%) LL PL PI LI (Kg/cm) (Kg/cm) CR RR (Kg/cm) Gravity

30A -44.5 36 50 25 25 0.43 5.4 10.0 0.283 0.023 -- --
30C -46.5 27 28 26 12 0.09 -- -- -- -- 0.95 --
31D -51.5 30 39 19 20 0.57 -- -- -- -- 1.13 --
36C -62.5 27 38 15 24 0.49 6.0 10.0 0.324 0.024 -- --
36D -63.5 28 36 21 16 0.45 -- -- -- -- 2.00 --
37D -65.5 26 35 14 21 0.57 -- -- -- -- 4.67 --
38C -67.5 29 38 19 19 0.51 6.2 9.1 0.264 0.023 -- --
38D -68.5 28 37 20 17 0.45 -- -- -- -- 2.08 --
39D -70.5 30 33 23 11 0.73 -- -- -- -- 1.44 --
40A -72.5 30 35 22 13 0.58 6.3 8.0 0.264 0.025 -- --
40C -73.5 27 38 18 20 0.44 -- -- -- -- 3.51 --
41C -75.5 27 46 18 28 0.32 -- -- -- -- 2.50 --
42D -77.5 29 43 18 25 0.43 -- -- -- -- 2.97 --
43C -80.5 30 36 16 20 0.68 -- -- -- -- 2.10 --
44D -82.5 26 31 19 12 0.59 -- -- -- -- 2.42 --
45C -84.5 27 40 20 20 0.32 6.7 10.5 0.290 0.023 -- --
45D -85.5 28 40 16 24 0.51 -- -- -- -- 2.59 --
46D -87.5 29 -- -- -- -- -- -- -- -- 1.76 --
47D -90.5 25 33 22 11 0.32 -- -- -- -- 2.19 --
48C -92.5 24 37 18 19 0.34 -- -- -- -- 3.04 --
49D -95.5 27 37 18 19 0.49 -- -- -- -- 2.44 --
50C -97.5 29 48 17 32 0.38 7.1 10.5 0.216 0.024 -- --
50D -98.5 27 42 20 22 0.30 -- -- -- -- 2.84 --
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TABLE 2.5-9 (Cont)

Boring 167

4 of 4 August 1987

Undrained
In situ Max Past Shear

Water Stress Stress Strength Confining
Sample El Content σ vo σ vm S Pressure Specific
Number (msl) (%) LL PL PI LI (Kg/cm) (Kg/cm) CR RR (Kg/cm) (Kg/cm) qu/2 Gravity

18E -42.5 31 -- -- -- -- -- -- -- -- -- -- -- --
18F -43.0 31 46 33 13 0.16 -- -- -- -- -- -- 1.95 --
19A -44.5 28 -- -- -- -- -- -- -- -- -- -- 2.15 --
19C -45.5 -- -- -- -- -- -- -- -- -- 1.53 5.83 2.44 2.71
19F -47.0 28 -- -- -- -- 5.7 16.0 0.220 0.018 -- -- 2.34 --
20B -47.5 25 -- -- -- -- -- -- -- -- -- -- 2.15 --
20C -48.0 -- -- -- -- -- -- -- -- -- 3.80 5.83 -- --
20F -49.5 33 44 28 16 0.33 -- -- -- -- -- -- 1.37 --
22A -52.0 23 47 26 21 0.15 -- -- -- -- -- -- 1.37 --
22D -53.5 23 -- -- -- -- -- -- -- -- -- -- 0.49 --
25E -61.5 -- -- -- -- -- -- -- -- -- 2.10 4.92 -- --
25F -62.0 21 44 23 21 0.10 -- -- -- -- -- -- 2.34 --
26A -62.5 29 -- -- -- -- -- -- -- -- -- -- 1.37 --
26B -63.5 26 35 26 9 0.02 6.3 14.5 0.200 0.016 1.63 6.46 -- 2.73
26D -64.0 28 -- -- -- -- -- -- -- -- -- -- 1.76 --
28D -68.5 -- -- -- -- -- -- -- -- -- 2.15 6.61 -- --
29A -69.5 29 39 23 16 0.40 -- -- -- -- -- -- 1.27 --
29E -71.5 -- -- -- -- -- -- -- -- -- 2.45 6.46 -- --
29F -72.0 29 -- -- -- -- -- -- -- -- -- -- 1.56 --
31A -74.5 31 -- -- -- -- -- -- -- -- -- -- 1.27 --
31E -76.5 -- -- -- -- -- -- -- -- -- 4.05 6.81 -- --
31F -77.0 29 38 23 15 0.39 -- -- -- -- -- -- 1.76 --
32B -77.5 26 44 33 11 0.62 -- -- -- -- -- -- 1.56 --
32C -78.5 -- -- -- -- -- 6.8 20.0 0.280 0.010 -- -- -- --
33B -79.5 31 43 28 15 0.20 -- -- -- -- -- -- 0.68 --
38A -92.0 29 -- -- -- -- -- -- -- -- -- -- 1.95 --
38B -92.5 -- -- -- -- -- 7.2 21.0 0.340 0.015 -- -- -- 2.66
38D -93.5 -- 32 27 7 -- -- -- -- -- 4.50 7.31 -- --
38F -94.5 25 -- -- -- -- -- -- -- -- -- -- 1.85 --

_____________________________
Key: LL = Liquid limit LI = Liquidity index

PL = Plastic limit CR = Compression ratio = Cc/1+e
PI = Plasticity index RR = Recompression ratio = Cr/1+e

NOTES: vo = Calculated based on ground surface elevation at boring and water table el +57
vm = Estimated from consolidation tests using Casagrande and/or Schmertmann reconstruction
S = Maximum shear stress from unconsolidated, undrained triaxial tests

qu/2 = Based on results of pocket penetrometer tests
Ground Elevation +108.1 Boring 136

+110.2 Boring 138
+103.3 Boring 163
+110.5 Boring 167
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TABLE 2.5-10

SEISMIC WAVE VELOCITY DATA(1)

______________________________

(1)Data are taken from crosshole velocity
survey using borings 109, 113, 136, 137, and 138.

(2)From refraction profile

1 of 1 August 1987

"P" Wave "S" Wave
Depth Elevation Velocity Velocity
(ft) (ft above msl) (ft/sec) (ft/sec)

0-10 108-98 1100(2) ----

10-55 98-53 2000(2) ----

60 48 5500 1000

70 38 5600 1050

80 28 5600 1050

90 18 6000 1100

100 8 6000 1200

110 -2 5800 1100

120 -12 6000 1200

130 -22 6000 1200

140 -32 6000 1200

150 -42 6000 1200

160 -52 6000 1300

170 -62 6000 1200

180 -72 5900 1200

190 -82 6000 1200

200 -92 6000 1200

210 -102 5900 1240
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______________________________

NOTES: All moduli values based on average unit weight of 130 lb/cu ft.
Refer to Table 2.5-10 for velocity values at specific levels of measurement.

1 of 1 August 1987

TABLE 2.5-11

SUMMARY OF AVERAGE VELOCITY AND MODULI DATA CORRESPONDING TO GEOLOGIC ZONES
FOR BORINGS 113, 135, 136, 137, 138, AND 109

"P" Wave "S" Wave Young's Shear Bulk
Elevation Velocity Velocity Poisson's Modulus Modulus Modulus

(ft above msl) Zone (ft/sec) (ft/sec) Ratio (ksi) (ksi) (ksi)

108 to 100 Loess 1100 - - - - -

100 to 90 Port Hickey 2000 - - - - -
Top Stratum
Silts and Clays

90 to 40 Sands and Clayey 5500 1000 0.483 83 28 811
(water table Sands (values meas-
at el 57) ured at el 48)

40 to 20 Citronelle Sands 5600 1050 0.482 92 31 839
and Gravelly Sands

20 to -40 Citronelle Buried 5970 1170 0.480 114 38 949
Channel Deposits
Sands and Gravelly
Sands

-40 to -102 Pascagoula Clays 5970 1220 0.478 124 42 944
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______________________________

NOTE: All moduli values based on average unit weight of 130 lb/cu ft.

1 of 1 August 1987

TABLE 2.5-12

SUMMARY OF AVERAGE VELOCITY AND MODULI DATA CORRESPONDING TO GEOLOGIC ZONES
FOR BORINGS 280, 251, 252, 253, AND 254

"P" Wave "S" Wave Young's Shear Bulk
Elevation Velocity Velocity Poisson's Modulus Modulus Modulus
(ft above msl) Zone (ft/sec) (ft/sec) Ratio (ksi) (ksi) (ksi)

108 to 100 Loess 1400 - - - - -

100 to 90 Port Hickey 2000 - - - - -
Top Stratum
Silts and Clays

90 to 39 Sands and Clayey 5500 1050 0.481 92 31 808
(water table Sands (values meas-
at el 57) ured at el 49)

39 to 20 Citronelle Sands and
Gravelly Sands 5750 1050 0.483 92 31 887

20 to -40 Citronelle Buried 6080 1170 0.481 114 38 986
Channel Deposits
Sands and Gravelly
Sands

-40 to -91 Pascagoula Clays 5970 1125 0.482 105 36 946
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TABLE 2.5-13

TESTING AND INSPECTION REQUIREMENTS AND FREQUENCY
FOR CATEGORY I BACKFILL

______________________________

(1)In confined or small areas where one lift comprises less than
150 cu yd the frequency of testing for items 9 and 10
shall be 1 test/3 lifts.

(2)Test for surface of foundation grade level to be performed
1/5,000 sq ft for mat-supported structures of 1/every third
footing for footings.

(3)When required by the engineer's field inspector to identify
contamination.

1 of 1 August 1987

Test Minimum
Test or Inspection Designation Frequency

1. Material Gradation and For each lift
Conditions

2. Backfill and Compaction For each lift
Procedure

3. Lift Thickness For each lift
4. Number of Roller Passes For each lift
5. Roller Speed and Vibratory For each lift

Frequency
6. Wetting of Select Granular For each lift

Fill

7. Sieve Analysis at Source ASTM C 136-71 1/5,000 cu yd

8. Sieve Analysis at Stock- ASTM C 136-71 1/5,000 cu yd
pile

9. Sieve Analysis at Lift ASTM C 136-71 1/500 cu yd(1,3)

Surface

10. In-Place Density at Fill ASTM D 2167-66 1/500 cu yd(1,2)

11. Min-Max Density and Sieve ASTM D 2049-69 1/2,500 cu yd
Analysis and C136-71 and when sieve

analysis in Items
9 and 10
falls outside
the range of
previous results
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TABLE 2.5-14

ANALYSIS OF LIQUEFACTION POTENTIAL
OF IN SITU FOUNDING SOILS FOR SEISMIC

CATEGORY I STRUCTURES

1 of 2 August 1987

Depth Below
Finished

El Grade γZ τave(1) σv τave τ(2)

(ft)____ (ft)_______ (ksf)_____ _rd__ (psf)_____ (ksf)_____ σ
v __ (0.65)σo_________ Fs 

Yard Area

+15 80 10.0 0.76 495 6,550 0.076 0.235 3.1

+ 5 90 11.3 0.73 535 7,220 0.074 0.235 3.2

- 5 100 12.6 0.68 555 7,890 0.07l 0.235 3.3

-15 110 13.9 0.68 615 8.560 0.071 0.235 3.3

-25 120 15.2 0.68 670 9,230 0.072 0.235 3.3

-35 130 16.5 0.68 730 9,900 0.074 0.235 3.2

Control Building

+15 80 10.5 0.76 520 7.0 0.074 0.235 3.2

+ 5 90 11.8 0.73 560 7.7 0.074 0.235 3.2

-15 110 14.4 0.68 635 9.1 0.071 0.235 3.3

-35 130 17.0 0.68 750 10.4 0.072 0.235 3.3

Radwaste Building

+15 80 12.5 0.76 620 9.0 0.069 0.235 3.4

+ 5 90 13.8 0.73 655 9.7 0.067 0.235 3.5

-15 110 16.4 0.68 720 11.1 0.065 0.235 3.6

-35 130 19.0 0.68 835 12.4 0.067 0.235 3.5

wfounta

wfounta

wfounta

wfounta

wfounta
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TABLE 2.5-14

ANALYSIS OF LIQUEFACTION POTENTIAL
OF IN SITU FOUNDING SOILS FOR SEISMIC

CATEGORY I STRUCTURES

2 of 2 August 1987

Depth Below
Finished

El Grade γZ τave(1) σv τave τ(2)

(ft)____ (ft)_______ (ksf)_____ _rd__ (psf)_____ (ksf)_____ σ
v __ (0.65)σo_________ Fs_

Reactor Structure

+15 80 13.9 0.76 685 10.4 0.066 0.235 3.6

+ 5 90 15.2 0.73 720 11.1 0.065 0.235 3.6

- 5 100 16.5 0.68 725 11.7 0.062 0.235 3.8

-15 110 17.8 0.68 780 12.4 0.063 0.235 3.7

-35 130 20.4 0.68 900 13.7 0.066 0.235 3.6

______________________________

NOTES:

amax/g = 0.1 = (SSE at surface)

Soil unit weights in pcf:

Saturated = 130
Moist = 115
Submerged = 67

GWL at +70
Ground surface el +95

(1) τave = (0.65) (rd )γ Z  amax 
 g 

(2) Value to reach "initial liquefaction" in 10 cycles, from Seed, H. B. and
Idriss, I.M. Simplified Procedure for Evaluating Soil Liquefaction
Potential, 1971. Journal of the Soil Mechanics and Foundations
Division, ASCE, Vol. 97, No. SM9, Fig. 6.

wfounta

wfounta

wfounta

wfounta

wfounta

wfounta
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TABLE 2.5-15

ANALYSIS OF LIQUEFACTION POTENTIAL FOR COMPACTED SAND BACKFILL

1 of 3 August 1987

Depth
El Below GSE γZ τave(1) σv τ ave σdc(2) τ(3) τ/σo
(ft) (ft) (psf) r d (psf) (psf) σv Dr Cr 2σ c σo FS=τave/σv

Yard Area

+65 30 3525 0.96 220 3210 0.07 60 0.60 0.370 0.22 3.2
70 0.65 0.530 0.34 5.0
80 0.68 0.740 0.50 7.4
90 0.74 1.000 0.74 10.8

+55 40 4825 0.92 289 3880 0.07 60 0.60 0.360 0.22 2.9
70 0.65 0.515 0.33 4.5
80 0.68 0.710 0.48 6.5
90 0.74 0.945 0.70 9.4

+45 50 6125 0.88 350 4550 0.08 60 0.60 0.350 0.21 2.7
70 0.65 0.500 0.33 4.2
80 0.68 0.680 0.46 6.0
90 0.74 0.895 0.66 8.6

+35 60 7425 0.84 405 5220 0.08 60 0.60 0.340 0.20 2.6
70 0.65 0.490 0.32 4.1
80 0.68 0.660 0.45 5.8
90 0.74 0.850 0.63 8.1

Control Building
+60 35 4650 0.95 287 4025 0.07 60 0.60 0.355 0.21 3.0

70 0.65 0.510 0.33 4.7
80 0.68 0.700 0.48 6.7
90 0.74 0.930 0.69 9.7

+55 40 5300 0.92 317 4360 0.07 60 0.60 0.350 0.21 2.9
70 0.65 0.500 0.33 4.5
80 0.68 0.690 0.47 6.5
90 0.74 0.905 0.67 9.2

+45 50 6600 0.88 378 5030 0.08 60 0.60 0.345 0.21 2.8
70 0.65 0.490 0.32 4.2
80 0.68 0.665 0.45 6.0
90 0.74 0.865 0.64 8.5

+35 60 7900 0.84 431 5700 0.08 60 0.60 0.340 0.20 2.7
70 0.65 0.480 0.31 4.1
80 0.68 0.645 0.44 5.8
90 0.74 0.825 0.61 8.1
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TABLE 2.5-15 (Cont)

2 of 3 August 1987

Depth
El Below GSE γZ τave(1) σv τ ave σdc(2) τ(3) τ/σo
(ft) (ft) (psf) r d (psf) (psf) σv Dr Cr 2σ c σo FS=τave/σv

Radwaste Building
+60 35 6650 0.95 411 6025 0.07 60 0.60 0.335 0.20 3.0

70 0.65 0.475 0.31 4.5
80 0.68 0.635 0.43 6.3
90 0.74 0.805 0.60 8.7

+55 40 7300 0.92 437 6360 0.07 60 0.60 0.330 0.20 2.9
70 0.65 0.470 0.31 4.5
80 0.68 0.625 0.43 6.2
90 0.74 0.795 0.59 8.6

+45 50 8600 0.88 492 7030 0.07 60 0.60 0.325 0.20 2.8
70 0.65 0.465 0.30 4.3
80 0.68 0.610 0.41 5.9
90 0.74 0.765 0.57 8.1

+35 60 9900 0.84 541 7700 0.07 60 0.60 0.320 0.19 2.7
70 0.65 0.455 0.30 4.2
80 0.68 0.600 0.41 5.8
90 0.74 0.745 0.55 7.9

Reactor Structure
+55 40 8650 0.93 523 7710 0.07 60 0.60 0.320 0.19 2.8

70 0.65 0.455 0.30 4.4
80 0.68 0.600 0.41 6.0
90 0.74 0.745 0.55 8.1

+50 45 9300 0.91 550 8045 0.07 60 0.60 0.320 0.19 2.8
70 0.65 0.450 0.29 4.3
80 0.68 0.595 0.40 5.9
90 0.74 0.735 0.54 8.0

+40 55 10600 0.87 599 8715 0.07 60 0.60 0.310 0.19 2.7
70 0.65 0.440 0.29 4.2
80 0.68 0.580 0.39 5.7
90 0.74 0.710 0.53 7.6

+30 65 11900 0.82 634 8385 0.07 60 0.60 0.305 0.18 2.7
70 0.65 0.435 0.28 4.2
80 0.68 0.570 0.39 5.7
90 0.74 0.695 0.51 7.6
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TABLE 2.5-15 (Cont)

3 of 3 August 1987

NOTES: Soil Unit Weights in PCF: amax /g = 0.1 (SSE at surface)

Saturated = 130
Moist = 115 GWE = Groundwater el = +70
Submerged = 67 GSE = Ground surface el = +95

(1) τave = (0.65)(r d) γz (amax/g)

(2) τdc /2σ c = Cyclic stress ratio at "Initial Liquefaction" in 10 cycles
(from Fig. 5, Report on Liquification Potential of the Plant Backfill, submitted
to NRC February 1978.

(3)τ / σ
0 = Cr ( σdc /2σ

c )
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TABLE 2.5-16

SLIDING AND OVERTURNING FACTORS OF SAFETY
FOR MAJOR STRUCTURES

1 of 1 August 1987

Factor of Safety
OBE SSE

Structure Sliding Overturning Sliding Overturning

Diesel Generator 2.6 6.5 1.6 3.6
Building

Control Building 2.3 6.0 1.6 3.7

Fuel Building 2.9 3.8 1.7 2.0

Turbine Building 4.2 23.7 - -

Reactor Building 5.1 6.5 2.9 3.8

Auxiliary Building 3.3 4.5 1.6 2.4

Standby Service 2.7 7.4 1.8 4.7
Water Tower

Service Water 3.3 2.4 1.7 1.8
Tunnel



RBS USAR

TABLE 2.5-17

STATIC DESIGN CRITERIA OF MAJOR STRUCTURES

1 of 2                                                                                          August 1987

   Diesel       Standby Service
  Shield Building  Radwaste Auxiliary Fuel  Control Generator    Water Pump House  Turbine   Turbine
  and Containment            Building            Building             Building              Building             Building     and Tower Basin       Building             Pedestal

Approximate
Foundation
Dimensions
(ft) 150 dia 156x105 154x117 124x105 148x78 95x70 162 dia 320x215 180x40

Maximum Buoy-
ant Pressure 936 1,248    936      998 936     936 1,310 1,248 1,778
(psf)

Total Average
Distributed
Dead Load (ksf) 8 6 5 6 3 4 3 3 5.5

Factor of
Safety Against
Flotation         6.2 4.9 5.3 6.3 2.8 4.6 4.9 2.6 3.2

Total Ultimate
Bearing Capa-
city (ksf)     350 310 330 310 280 150 360 380 290

Factor of Safety
Total Ultimate
Bearing Capa-
city/Total Uni-
formly Distri-
buted Dead Load 44 52 66 52 70 37 119 84 53

Foundation
Elevation (ft
above msl)      60 60 65 64 65 65 59 60 51.5

Net Average
Distributed
Dead Load (ksf) 2.8 1.4 2.4 1.4 -0.6 1.3 -2.1     -0.5     -0.3

Net Allowable
Bearing Capa-
city (ksf)        12 12 12 12 12 12 12 10 10
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TABLE 2.5-17 (Cont)

2 of 2                                                                                          August 1987

NOTES:   All foundations are mat foundations.

Soil unit weights in pcf:
wet = 115
submerged = 60

Groundwater at el +57.0

Maximum flood level at el +80.0 for 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    wet = 0.5 (1+D/B)    wet, where D equals depth to groundwater level below bottom of mat.

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

Formulas:

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

Circular mat: qdr =1.2cNc + γDf Nq +0.6γ rN γ

Rectangular mat: qdb =1.2cNc + Df Nq +0.4γ BN γ

Factor of Safety Against Flotation

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

   C=0       Nc=0
φ=36°     Nq =53   Nγ=52
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TABLE 2.5-18

SEISMIC INDEX
(for Figure 2.5-95)

1 of 2 August 1987

Number

1 Delta - No. 1
2 Clayton Williams No. 2
3 Chevron unnumbered
4 Amarex No. 5 line
5 Ward - No. 5 (Tunica Swamp - 1747)
6 Ward - No. 6 (Tunica Swamp - 1747)
7 Ward - No. 7 (Tunica Swamp - 1747)
8 Ward - No. 8 (Tunica Swamp - 1747)
9 Ward - No. 9 (Tunica Swamp - 1747)
10 Ward - No. 1 (Tunica Swamp - 1747)
11 Western No. 1558
12 Ward (Bells Store - 2064)
13 Chevron No. VRZ
14 Chevron unnumbered
15 Sun No. JLF 021
16 Sun No. JLF 019
17 Stratex No. EL 81-4
18 Stratex No. EL 81-1
19 Stratex No. EL 82-19A
20 Hunt Energy No. 6-5
21 Hunt Energy No. 6-6
22 Hunt Energy No. 6-2
23 Hunt Energy No. 6-3
24 Hunt Energy No. 6-1
25 Shell unnumbered
26 Shell unnumbered
27 Shell unnumbered
28 Shell unnumbered
29 Shell unnumbered
30 Shell unnumbered
31 Shell unnumbered
32 Shell unnumbered
33 Hunt Energy No. 6-4
34 G.S.I. - No. 10
35 Forest - 31
36 Chevron No. 104
37 Chevron No. 110
38 Chevron No. 174
39 Chevron No. 188
40 Chevron No. 193
41 Chevron No. 194
42 Chevron No. 104
43 Louisiana Land and Exploration unnumbered
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TABLE 2.5-18 (Cont)

2 of 2 August 1987

44 Louisiana Land and Exploration unnumbered
45 Louisiana Land and Exploration unnumbered
46 Louisiana Land and Exploration unnumbered
47 Louisiana Land and Exploration unnumbered
48 Louisiana Land and Exploration unnumbered
49 Louisiana Land and Exploration unnumbered
50 Louisiana Land and Exploration unnumbered
51 Louisiana Land and Exploration unnumbered
52 Louisiana Land and Exploration unnumbered
53 Louisiana Land and Exploration unnumbered
54 Louisiana Land and Exploration unnumbered
55 Louisiana Land and Exploration unnumbered
56 Louisiana Land and Exploration unnumbered
57 Louisiana Land and Exploration unnumbered
58 Stratex El 82-80
59 Chevron Survey No. 6373 Line No. AF
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TABLE 2.5-19

TOTAL SETTLEMENTS OF MAJOR STRUCTURES

Predicted Measured
(inches) (inches)

Settlement Unit 2 Unit 2 As of
Marker No. Backfilled Excavated January 1985

1 o  f 2 A  u  gust 1988

Diesel Generator 1 3.5 3.4 2.4
Building 2 3.8 3.7 1.9

3 3.8 3.6 2.3
4 4.0 3.8 2.5

Control Building 5 3.8 3.7 2.1
6 3.4 3.3 1.9
7 4.0 3.7 2.2
8 4.0 3.7 2.0

BF Tunnel 9 2.4 2.1 0.6
10 3.0 2.5 0.8

Fuel Building 11 4.1 3.7 2.3
12 4.5 4.0 2.6
13 4.4 3.5 1.7
14 4.7 3.8 2.2

Reactor Building 15 4.6 4.0 2.5
16 4.5 4.0 2.6
17 4.9 4.0 2.6

Auxiliary 18 4.2 3.8 2.5
Building 19 4.1 3.6 2.2

20 4.9 3.9 2.7
21 4.7 3.7 2.5

Main Steam 22 4.5 3.8 2.1
Tunnel 23 4.4 3.8 1.9

Turbine 24 4.3 3.7 1.9
Building 25 3.6 3.1 1.7

26 4.4 3.7 2.0
27 3.7 3.1 1.8

•→1
E Tunnel 28 4.4 3.3 1.9

29 3.8 2.8 1.6
1←•
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TABLE 2.5-19

TOTAL SETTLEMENTS OF MAJOR STRUCTURES

Predicted Measured
(inches) (inches)

Settlement Unit 2 Unit 2 As of
Marker No. Backfilled Excavated January 1985

2 o  f 2                       August 1987

Standby Service 30 3.8 2.7 1.8
Water Tower 31 4.4 3.2 1.9

32 4.3 2.4 1.9

G Tunnel 33 3.6 2.6 1.3
34 3.8 1.3 0.8
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TABLE 2.5-20

DIFFERENTIAL SETTLEMENTS OF MAJOR STRUCTURAL INTERFACE POINTS

______________________________

NOTE: Positive differential settlement indicates settlement of Marker A with respect to
Marker B. Negative sign indicates settlement of Marker B with respect to Marker A.

1 of 1 August 1987

Allowable
Differential Measured Differential

Building Marker No. Settlement Settlement (As of December 1984)
Interface A B (In) (In)

Diesel Generator vs. Control 2 5 +0.35 to -0.39 -0.16
4 7 +0.42 to -0.61 +0.25

BF Tunnel vs. Diesel Generator 9 3+4 +0.53 to -1.08 -0.27
BF Tunnel vs. Fuel 10 12 +0.56 to -1.34 -0.28
Fuel vs. Reactor 12 15 +0.26 to -0.61 +0.16

14 17 +0.30 to -0.60 -0.26
Reactor vs. Auxiliary 16 18 +0.32 to -0.08 +0.01

17 20 +0.33 to -0.13 +0.14
Auxiliary vs. Main Steam 19&21 22 +0.44 to -0.69 +0.15
Fuel vs. G Tunnel 13 33 +0.41 to -0.32 +0.07
Fuel vs. E Tunnel 14 28 +0.42 to -0.39 +0.06
E Tunnel vs. Auxiliary 29 21 +0.73 to -0.43 -0.10
Control vs. Auxiliary 7 18 +0.46 to -0.66 -0.35

8 19 +0.50 to -0.50 -0.30
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TABLE 2.5-21

SUMMARY OF STRAIN ADJUSTED SHEAR MODULI

1 of 1                                                                                   August 1987

                                                                        Control Building - Founding Grade = El 65'                                  
      Eureka N79E              Taft S69E                                    El Centro N-S                       Average        

Thickness Effective Effective Effective Effective
Layer    (ft)  Strain(%) G(ksf)  Strain(%) G(ksf)  Strain(%) G(ksf)  Strain(%) G(ksf)

Backfill    5 0.009 1931 0.010 1878 0.013 1718 0.011 1842

Backfill   40 0.013 2239 0.015 2157 0.017 2030 0.015 2142

Sand and
Gravel    60 0.014 3216 0.015 3087 0.015 3118 0.015 3140

Pascagoula
Clay      50 0.024 1760 0.025 1723 0.024 1739 0.024 1741

Thickness
Weighted and
Average G       -  2458   -  2368   -  2347   -  2389

         G = 16.6 ksi

                                                                        Reactor Building - Founding Grade = El 60'                                                            

Backfill   40 0.021 2207 0.018 2347 0.013 2651 0.017 2402

Sand and
Gravel    60 0.014 3460 0.015 3362 0.011 3769 0.013 3530

Pascagoula
Clay      50 0.022 1807 0.026 1705 0.038 1458 0.029 1657

Thickness
Weighted and
Average G       -  2575   -  2539   -  2701   -  2605

         G = 18.1 ksi
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