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FINAL REPORT ON DEWATERING AND REPAIR OF EROSION
IN CATEGORY I BACKFILL IN POWER BLOCK AREA

INTRODUCTION AND PURPOSE

Heavy rainfall in early November, 1979, resulted in erosion

of Category I backfill and caused a re-evaluation of
groundwater controls. On November 14, 1979, it was reported
to the Nuclear Regulatory Commission (NCR) that a potential
reportable item under 10CFR50.55(e) existed at Plant Vogtle
concerning dewatering and erosion of backfill. Subsequent
communications to the Nuclear Regulatory Commission culminated
in a summary submittal (Reference 1) on January 8, 1980, and

a presentation of the summary to the Nuclear Regulatory
Commission on January 9, 1980, in Bethesda, Maryland.

The report outlined steps that had been initiated subsequent
to the erosion to repair the affected areas and to facilitate
resumption of backfilling operations in the power block area.
Also included in the report were a preliminary engineering
evaluation of the affected and adjacent areas and recommended
methods of repair. Following submission of the report to the
Nuclear Regulatory Commission and concurrence by that agency
with the proposed measures, backfill repair work was
accomplished in all areas subjected to erosion. Implementation
of the backfill repair procedures was started toward the end
of January, 1980, and completed in August, 1980, During the
period of the backfill repair operation, a Bechtel Power
Corporation geotechnical engineer was on site to provide
surveillance of the overall erosion repair and groundwater
program., He also assisted in the interpretation of field test
data and repair procedures, In addition, Bechtel engineering
personnel and a Bechtel consultant made periodic site wvisits
to review the repair work,

This document is written to describe the actual repair work,
the associated testing, and the final engineering evaluation
of the integrity of the adjacent structures. Existing and
future erosion and groundwater control measures are also
described.,



II. EVALUATION OF TESTING AND REPAIR

A.

General

All erosion areas identified in the power block were
repaired in accordance with the procedures specified in
Reference 1, except where noted in Section II.C. In each
case of variation from Reference 1, a description of the
variation and technical justification for it is presented.
Prior to backfilling, field and laboratory testing was
performed in each area which provided the basis for
determining the depth of disturbed zone and depth to
competent existing backfill,

Field and Laboratory Testing

Field testing included the proving ring penetrometer,
dynamic cone penetrometer, and sand cone density tests
(ASTM D~1556). Laboratory testing consisted of the
Modified Proctor compaction test (ASTM D-1557). All tests
were performed in accordance with the procedures described
in the Appendix to this Report.

Prior to testing, the dynamic cone penetrometer was
calibrated against the Standard Penetration Test (SPT)
for Category I backfill materials. A total of six SPT
test borings were drilled in undisturbed Category I
backfill to a maximum depth of 5-feet, SPT tests were
performed continuously from the surface down to 5-feet

in accordance with ASTM D-1586. Adjacent to the SPT test
borings, a total of ten dynamic cone penetrometer tests
were made at 6-inch intervals in holes drilled down to a
maximum depth of 4-feet. The results of these tests are
summarized in Table 1, Test results are shown in

Figures 2 and 3. Based on these tests, the calibration
ratio of the SPT resistance to the Dynamic cone
penetrometer resistance is roughly 1 for the range of
blowcounts recorded. No correlation tests were made for
the proving ring penetrometer. The use of proving ring
and dynamic cone penetrometers was limited only to a
gqualitative evaluation of the backfill compaction. These
tests were used only to determine the depth of competent
£ill and were not intended to determine the percent
compaction., Final control testing was done using the sand
cone test method in conjunction with the laboratory
Modified Proctor compaction test., However, based on the
experience obtained from the use of the proving ring
penetrometer, a reading of 2 or greater indicated that the
sand cone test method would show a degree of compaction
greater than 97 percent. This criterion was used to
determine the depth of disturbed zone in Category I
backfill slopes where it was not possible to perform sand
cone density tests,



C. Evaluation of Specific Areas

l.

Area between Control Building Electrical Shafts

‘Units 1 and 2 and Turbine Building:

Erosion in this vicinity was identified as Areas 1,

2, 3, 15, 16 and 18 respectively (Figure 1), Areas 1,
2, 3, 15 and 16 referred to erosion areas along the
Turbine Building south slope; Area 18 referred to the
area between the toe of the Turbine Building south
slope and the edge of the Control Building shafts'
mudslab. All these areas were repaired in accordance
with the procedures specified in Reference 1.

The Turbine Building slope was reworked to a minimum
of 1.5 horizontal to 1,0 vertical and then gunited
for erosion protection (see Section IV). This
involved removal of a portion of the Turbine Building
mudslab and some Turbine Building base slab steel
reinforcement bars. After reshaping the slope, the
minimum distance from the top of the slope to the
nearest edge of the existing Turbine Building base
mat was apprxoimately 19-feet. This was consistent
with the minimum distance specified in Reference 1.
Figure 4 shows a typical section of the reworked
slope,

In Area 18, the depth of disturbed zone, as determined
by proving ring penetrometer and sand cone tests, was
approximately 2-feet. Sand cone density tests were
performed every 20-feet along the perimeter in this
area. Test results are summarized in Table 2. A
typical cross-section through Area 18, showing the
extent of disturbed material removed, is presented in
Figure 5.

Area between Unit 1 Containment Tendon Gallery and
Unit 1 Electrical Tunnel:

Erosion areas for repair in this area were identified
as Areas 4, 5 and 6 respectively (Figure 1).

Areas 4 and 6 refer to erosion along the slope adjacent
to the Unit 1 Electrical Tunnel east wall mudslab.

Area 5 refers to erosion in the backfill between the
tunnel east wall and the Unit 1 Tendon Gallery.

Along the Unit 1 Electrical Tunnel east wall, dynamic
cone penetrometer tests were performed to a maximum
depth of 4-feet below the bottom of the mudslab,
Prior to the tests, the mudslab was core-cut at the
test locations approximately 2-feet from the edge of
the wall, The locations of these tests are shown on
Figure 6 and the results plotted in Figure 7. Data




relating to these dynamic cone penetrometer tests are
presented in Table 3. The data indicate that with the
exception of Test Locations 3A and 5A, high resistances
were obtained in the backfill adjacent to the tunnel
wall. In addition, these resistances were observed to
generally increase with depth.

In order to confirm the low driving resistances
encountered at Test Locations 3A and 5A, additional
tests were run a few feet north and south of Test
Locations 3A and 5A. These tests are designated as 3B,
3¢, 5B and 5C réspectively. It appeared from these
results that a zone of material of questionable
compaction could exist in the vicinity of Test
Location 3A at elevation 149.5' to 150.0', In order
to evaluate the percent compaction in this area on a
quantitative basis, four sand cone density tests were
performed at the elevation in question. These tests
were run after removal of the east Electrical Tunnel
mudslab to within a foot of the base slab. For each
sand cone density test, a laboratory Modified Proctor
compaction test was run on material obtained at the
test location. The results of these tests are shown
in Table 2. The data showed values of relative
compaction of 104.8, 102.2, 102.8 and 96 .0 percent,
respectively. Thus, it can be seen that the lower
penetrometer resistances encountered at Test Location
3A were not indicative of an average degree of
compaction less than 97 percent.

Sand cone density tests were performed a few feet from
the east wall at approximately those locations where
dynamic cone penetrometer tests were performed. In
addition, four tests were conducted in the area between
the Electrical Tunnel and Unit 1 Tendon Gallery bounded
by coordinates N80+35 and N81l+50. Two tests were
performed in the area between coordinates N79+85 and
N80+35. The results of these tests are shown in

Table 2. A typical section showing extent of disturbed
material removed in the area between the Electrical
Tunnel and the Containment is shown in Figure 8.

The procedure used to backfill against the east wall
was in compliance with the repair procedure specified
in Reference 1, with the exception of the variation
which is explained below.

The approved repair procedure specified hand-excavation
to remove existing gunite and loose materials near the
toe of the slope to a maximum height of 1l.5-feet from
the backfill surface., After repairing the exposed
portion of the slope, the area was to be backfilled to



correlation purposes. The sampling was attempted in
accordance with the procedure described in the
Appendix. Owing to the very dense condition of the
underlying backfill, it was not possible to obtain
undisturbed samples. The height of sample recovery
ranged from 4 to 6-inches. Unit weights determined
from these samples were abnormally low indicating
sample disturbance. Therefore, these data were not
considered representative of the in situ density of
the backfill. Shelby tube sampling was discontinued
after it was established that the small size of the
sample, the manner in which it was extracted and the
deformations and sample disturbance occurring as a
consequence, rendered the results unreliable.

A total of 33 sand cone density tests were performed
along the inside perimeter of the Tendon Gallery
mudslab. These tests were made on the backfill surface
after the mudslab had been removed to within 3-feet of
the base slab. Additionally, some sand cone density
tests were made in the area between the Tendon Gallery
and the Reactor Cavity. The results of these tests

are summarized in Table 2., Test results were
satisfactory in all areas except for two isolated areas
(approximately 10-feet by 1l2-feet) north and south of
the Reactor Cavity. These areas were excavated down

to the existing lean concrete fill and backfilled.

Dewatering of the backfill was achieved by a series

of vacuum type wellpoints installed around the inside
perimeter of the Containment Tendon Gallery. Five
short-term piezometers were installed to monitor the
water table inside this area. At the time backfilling
operations were resumed in this area, the water table,
as indicated by the piezometers, was at least 5-feet
below the existing backfill surface.

Some typical cross-sections of the Containment area
showing the extent of loose material removed are shown
in Figure 11. '

Unit 2 Containment Area:

Erosion in the Unit 2 Containment area was designated
as Areas 14 and 17 (Figure 1). Area 14 referred to
erosion below the Tendon Gallery mudslab on the west
side. However, the construction of the Tendon Gallery
had not begun on this section of the mudslab. Erosion
in Area 14 was quite limited in extent, Repairs in
this area involved removal of the mudslab over the
eroded area, excavation to undisturbed material and
then backfilling the excavation. Area 17 pertained to
erosion below the mudslab of the partially built



a maximum depth of l-foot. The procedure specified
that all further stages of slope repair work and
backfilling be done at height and depth increments
of 1.5-feet and 1l.0-foot respectively. Subsequent
to .the erosion last year, the undisturbed Electrical
Tunnel slope surface was protected by polyethylene
sheeting, on which a layer of loose fill was placed.
The entire slope was then gunited. Apparently, no

‘bond existed between the existing loose fill and

gunite with Category I backfill because of the
polyethylene sheeting. Conseqguently, the protection
system became unstable when the lower section was
removed, necessitating removal of the full height
rather than in l.5-foot increments.

The intent of the specified repair procedure was to
prevent long-term exposure of the undisturbed £ill
slope prior to backfilling. This was satisfied, since
backfilling was accomplished expeditiously in the
east-west direction in slope lengths not exceeding
l10-feet. This involved removing the gunite and loose
fill to a height dictated by practical considerations
but restricting the working slope to a segment l0-feet
long, thus limiting the area exposed to possible
erosion during the repair work.

Heavy compaction equipment was not permitted near the
slope during the remedial work. It was used only
after the adjacent 30-foot width of backfill had been
raised to the same elevation as the top of the slope
by the use of hand-compaction equipment.

In the other areas east and south of the slope, where
erosion had taken place, all disturbed material was
removed prior to backfilling. The piezometer readings
in the area indicated the water table to be at least
2-feet below the existing backfill surface.
Backfilling was accomplished in accordance with the

approved procedures,

Unit 1 Containment Area:

Erosion outside the Unit 1 Containment area was
identified as Areas 7, 8, 9, 19 and 20 respectively
(Figure 1), Area 7 had been repaired earlier in
November, 1979 (Reference l). Areas 8, 9 and 19 were
repaired in accordance with specified procedures. The
depth of the disturbed zone was determined by proving
ring penetrometer probing. The disturbed f£ill was
excavated to competent £ill material and backfilled.
At least one sand cone density test was made in each
of the above areas prior to fill placement. Area 20,



which delineated a washout in the backfill below the
expansion joint opening between the Tendon Gallery
Unit 1 and the Auxiliary Building north wall, was
backfilled by pumping grout into the void. This work
was done in accordance with the approved procedures
and the grouting pressure was maintained below 5 psi.

For the inside area between the Tendon Gallery and
the Reactor Cavity, no specific erosion areas were
identified in Reference 1. However, it was stated in
Reference 1 that all disturbed £ill in the area would
be excavated and removed by using field density
testing and probing procedures. A minimum of three
sand cone density tests were specified at equidistant
locations around the inside perimeter of the Tendon
Gallery mudslab.,

The NRC, in a letter to Georgia Power Company (GPC) ,
directed that for the Unit 1 Tendon Gallery an '
investigative approach similar to that proposed by

GPC for Unit 2 be followed to determine the extent of
any erosion around the Tendon Gallery foundation
(Reference 2). For Unit 2 Containment, a number of
dynamic cone penetrometer and sand cone density tests
were proposed around the inside perimeter of the

Tendon Gallery mudslab, Accordingly, a program of

in situ density testing around the inside perimeter

of the Unit 1 Tendon Gallery mudslab was developed by
Bechtel for the purpose of verifying the competency

of the backfill. Dynamic cone penetrometer tests

taken at seventeen locations shown in Figure 9 were
performed below the mudslab after core-cutting through
it. These tests were made to a maximum depth of 3-feet.
A summary of the test.results is in Table 4. Figure 10
represents a plot of the penetrometer blowcounts with
depth.

The test data indicate that high blowcounts were
obtained at all the test locations., These blowcounts
ranged from 14 to 77 blows for 1-3/4 inches penetration
and increased with depth except in a few locations.
Sand cone testing, as discussed below, was done in this
area and the results confirmed that the £ill meets the
compaction criteria even though lower cone penetration
resistance with depth was recorded in a few locations.
Based on the correlation ratio obtained between the
dynamic cone penetrometer and standard penetration
resistances (Section II.B.), the data indicated that
high Standard Penetration Test resistances could be
expected below the mudslab.

Attempts were made to extract Shelby tube samples from
the penetrometer test holes, so that the in situ density
of backfill below the mudslab could be-determined for



Tendon Gallery on the inside of the Containment area.
Extensive testing was performed in this area around
the perimeter of the partial Tendon Gallery to
ascertain whether the base slab had been undermined,

Dynamic cone, proving ring penetrometer, and sand
done density tests were carried out as specified in
Reference 1. No Shelby tube samples were attempted
for the reasons stated in Section II.C.4.

Dynamic cone penetrometer tests were performed: below
the mudslab at a distance of approximately l.5-feet
from the edge of the Tendon Gallery. These tests
were run at 10-foot centers along the perimeter to a
maximum depth of 3~feet. Test locations are shown on
Figure 12. The results of these tests are summarized
in Table 5 and shown plotted in Figure 13, As in
Unit 1, the cone penetrometer resistances in Unit 2
were consistently high and increased with depth, The
data indicate that the backfill immediately adjacent
to the Tendon Gallery base slab was dense and,
therefore, had not been subjected to erosion,

The Tendon Gallery mudslab extended to approximately
3.5~feet from the edge of the base slab and was
removed to within 2-feet of the base slab, By means
of the proving ring penetrometer, it was determined
that disturbed material extended (horizontally) to a
maximum of 4-inches under the sawed-off edge of the
mudslab. After the mudslab was removed, thirteen sand
cone density tests were made immediately at what was
previously the interface between the mudslab and the
backfill. Results of these tests are summarized in
Table 2. Values of relative compaction ranging from
102.1 to 107.4 percent were obtained; these values
confirmed the results yielded by cone penetrometer .
tests.

Immediately after the tests were completed, minor
additional erosion occurred as a result of a rainstorm.
The area was retested and repaired in accordance with
approved procedures. The maximum extent of disturbed
backfill under the mudslab was increased to about
10-inches. This situation was remedied by the
procedure illustrated in Figure 14 and outlined below.

a. All loose material was removed from below the
mudslab and l-foot away from it. Proving ring
penetrometer tests were made to assure that all
disturbed material was removed.

b. A form was placed l-foot away from the edge of the
mudslab. :
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c. Concrete was placed to within 2 to 3-inches of the
bottom of the mudslab.

d. The remaining 2 to 3-inches, as stated in "c" above,
was drypacked to assure that no voids remained under the
mudslab.

Dewatering of the backfill in Unit 2 Containment was achieved
by a series of eductor type wellpoints that were extended from
a line of wellpoints nurth of the Auxiliary Building. The water
table in the backfill was meonitored by means of three short-
term piezometers. At the time backfilling operations were
resumed in the area, the water table had been effectively
lowered to at least 6-feet below the fill surface.

Area between Unit 2 Containment Tendon Gallery and Electrical
Tumnel:

‘Frosion in this area was identified as Areas 10,11, 12, and 13

(Figure 1). Areas 10 and 11 were repaired in late 1979, as
described in Reference 1. Areas 12 and 13 were repaired in
February, 1980, in accordance with approved procedures.

Heavy rains on Saturday, March §, 1980, caused zdditional
erosion along the west wall of Unit 2 Electrical Tunnel which
was repaired as described in Reference 3. '

 Electrical Tunnel, Unit 2, East Side:

An additicnal erosion area cccurred belcow the mudslab of the
Electrical Tunnel, Unit 2, in July, 1980. This erosion, was
caused by construction water due to-a hose failure. The maxi=——

et iy

mum-depth of erosion below the basemat was0.8-feet and 1t™ -

~éxtended approximately. l.8-feet below the tunnel base slab for N

a distance of approximatély-Q,8-fest. (See Figure 15). The




c. Concrete was placed to within 2 to 3-inches of
the bottom of the mudslab.

d. The remaining 2 to 3~inches, as stated in "c"
above, was drypacked to assure that no voids
remained under the mudslab.

Dewatering of the backfill in Unit 2 Containment was
achieved by a series of eductor type wellpoints that
were extended from a line of wellpoints north of the
Auxiliary Building. The water table in the backfill
was monitored by means of three short-term
piezometers. At the time backfilling operations were
resumed in the area, the water table had been
effectively lowered to at least 6-feet below the fill
surface.

- Area between Unit 2 Containment Tendon Gallery and

Electrical Tunnel:

Erosion in this area was identified as Areas 10, 11,

12 and 13 (Figure 1l). Areas 10 and 11 were repaired

in late 1979, as described in Reference 1. Areas 12

and 13 were repaired in February, 1980, in accordance
with approved procedures.

Heavy rains on Saturday, March 8, 1980, caused
additional erosion along the west wall of Unit 2
Electrical Tunnel which was repaired as described in
Reference 3,

Electrical Tunnel, Unit 2, East Side:

An additional erosion area occurred below the mudslab
of the Electrical Tunnel, Unit 2, in July, 1980,

This erosion, which was caused by construction water,
extended approximately 1l.8-feet below the tunnel base
slab for a distance of approximately-0.8-feet. The
area was repaired in accordance with approved
procedures,
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FINAL ENGINEERING_EVALUATION OF STRUCTURE FOUNDATIONS

A preliminary evaluation of the effects of the backfill
erosion on the structural integrity of each structure in the
power block area was submitted in Reference 1. It was
concluded that no undermining of Category I foundations had
occurred as a result of the erosion caused by the rainfall
of early November, 1979. This applied to all structures
except for the Containment Unit 2 Tendon Gallery, where
additional information was required for an evaluation of its
structural integrity.

During the period of erosion repairs, additional information
was developed to support the preliminary conclusions arrived
at in Reference 1 and to evaluate the structural integrity of
Containment Unit 2 Tendon Gallery. This information consisted
of settlement data, field test data, and visual inspection of
backfill surface following removal of mudslab. Based on these
data, it has been concluded that no undermining of Category I
foundations had occurred as a result of the erosion caused

by the rainfall of early November, 1979, including the
Containment Unit 2 Tendon Gallery.

A final evaluation of the integrity of the foundation of each
structure is presented below,

A. Containment Unit 1

Inside the Containment area along the inside perimeter of
the Tendon Gallery foundation, extensive field testing
revealed that the backfill adjacent to the foundation was
in a very dense condition. The relative compaction of

the backfill as obtained from sand cone density tests
ranged from 96.9 to 106.8 percent (Table 2). Dynamic cone
penetrometer tests indicated high resistance, and these
.resistances increased with depth (Table 4, Figure 10).
These test results were supported by visual inspection of
the backfill surface beneath the Tendon Gallery foundation
mudslab. After the mudslab had been removed to within
3-feet of the foundation base slab, inspection revealed

no evidence of any erosion features in the fill, The £ill
surface and slope against the mudslab were devoid of any
erosion channels, nor was there any evidence of loss of
density. It has been concluded that no piping of fines
occurred below the Tendon Gallery foundation. If piping
had occurred, it would have manifested itself in the form
of erosion adjacent to the Tendon Gallery foundation
mudslab.

Two settlement markers were installed to monitor settlement
of the Tendon Gallery foundation, These markers,
designated as Nos, 323 and 324, were located as shown on
Figure 16. A plot of settlement versus time for the

—-- period January-l-through-July-1, 1980, is shown- on-
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Figure 16-1. The plot indicates that the observed
settlements to date are small. The maximum settlement
recorded is on the order of 0.26 inch, which is
reasonable considering the current loading and the
limits of the survey accuracy,

The effect of the erosion on the outside of the
Containment area on the integrity of the Containment
structure was evaluated in Reference 1. All these were
localized areas and were repaired as described in
Section II.C. As stated in Reference 1, no damage was
caused to the Tendon Gallery foundation as a result of
erosion in these localized areas,

In summary, the Unit 1 Tendon Gallery wall foundation
was not jeopardized by the heavy rainfall of early
November, 1979, It has been concluded from field test
data and visual observations that no erosion occurred
below the Tendon Gallery base slab.

Turbine Building Units 1 and 2

The Turbine Building foundation base slab was not
subjected to any erosion. The erosion that occurred was
confined to the south slope, off the south side of the
Turbine Building mudslabs, Erosion gulleys extending to
a maximum of 4-feet below the mudslab caused cracking to
occur in the mudslab. During repair all cracked sections
of the mudslab were removed and the erosion gulleys were
cut back to sound material at a slope of 1.5 horizontal
to 1.0 vertical.

All other sections of the Turbine Building south slope
that were steeper than 1.5 horizontal to 1.0 vertical
were reworked to 1.5 horizontal to 1,0 vertical and then
protected from erosion by guniting, The minimum setback
distance from the top of a 1,5 horizontal to 1,0 vertical
slope to the edge of the existing Turbine Building base
slab was determined by a slope stability analysis to be
approximately 20-feet (Reference 1l)}. This requirement
was met even though the nonconforming slope had to be cut
back substantially to satisfy the design criteria for
temporary Category I £fill slopes,

Settlement of the Turbine Building base slab was monitored
by two settlement markers, Nos, 308 and 310 (Figure 186).
Readings were taken on a weekly basis during the period
January 1 through July 1, 1980, These readings are shown
plotted on Figure 16-2. The maximum observed settlement
is on the order of 0.16 inch, which is reasonable
considering the current loading condition and the limits
of the survey accuracy.

- 11 -



In summary, the Turbine Building base slab was not
undermined by erosion. The affected sections of the
mudslab have been removed and the slope reworked to
conform to the specifications.

Control Building Shafts Units 1 and 2

Erosion of backfill in the Control Building shafts area
occurred at least 2-feet away from the permanent
foundations. Visual inspection showed that the
foundations were not affected by erosion. All disturbed
areas in the proximity of the Control Building shafts
were repaired in accordance with the specified procedures.
Settlement in these areas is discussed under Items "D"

and "E" beélow. ' :

Electrical Tunnel Unit 1

Along the Unit 1 Electrical Tunnel east wall, the data
obtained from cone penetrometer and sand cone density
tests indicated that the backfill adjacent to the tunnel
foundation was in sound condition. The disturbed material
in the two erosion areas along the slope adjacent to the
foundation was carefully removed by hand excavation and
the areas backfilled in accordance with the procedure
described in Section II.C.2. A visual inspection made
prior to backfill revealed that the zone of erosion in
both areas did not extend to below the tunnel foundation.

Based on a slope stability analysis done earlier for the
Unit 1 Electrical Tunnel foundation, it was determined
that there was no potential for a deep-seated slope failure
in the backfill (Reference 1l). Minor surface ravelling
could have occurred in areas where the slope protection
system had been removed. It was further determined that
even if minor sliding should occur close to the foundation,
the integrity of the existing tunnel would not be affected
because of the rigidity of the foundation slab. Visual
inspection showed no evidence of ravelling of undisturbed
Category I backfill in areas where gunite protection had
been removed. Any potential for sloughing or ravelling of
the slope was precluded by expeditiously backfilling to
the top of the slope.

Prior to backfilling against the slope, two additional
settlement markers (423-1-A and 423-1-B) were installed
along the east wall approximately 30 and 60-feet north

of an existing marker No. 423-1 (Figure 16). These two
markers were read on a daily basis from the time the slope
protection system was removed until backfilling to the

top of the slope was completed. 1In addition, settlement
markers 423-1 and 420-1 were read on a weekly basis from

-12 -



January, 1980, onward. Plots of settlement versus time
for the markers are shown on Figures 16-4A and 16-4B.

The maximum recorded settlement was on the order of 0.2
inch, which is reasonable considering the current loading
and the limits of the survey accuracy.

In summary, both field test data and visual observations
indicate that the Unit 1 Electrical Tunnel foundation was

not affected by erosion adjacent to the foundation. The

erosion was outside the limits of the existing foundation
and was successfully repaired to conform to the
specifications.

Electrical Tunnel Unit 2

The effect of the four erosion areas along the Unit 2
Electrical Tunnel west wall (Figure 1) on the tunnel
foundation was evaluated in Reference 1. The erosion was
limited to the tunnel foundation mudslab except in one
instance (that which occurred in September, 1979) where
it extended about a foot below the foundation itself. The
erosion was subsequently repaired in accordance with the
specified repair procedures.

The additional erosion that occurred along the west wall
in March, 1980, was evaluated and repaired as described
in Reference 3,

The erosion along the east wall which occurred in July,
1980, was evaluated and repaired in accordance with
approved procedures,

A plot of settlement versus time for the Unit 2 Electrical
Tunnel foundation is shown on Figure 16-3, Small
settlements, on the order of 0.2 inch, were recorded,
which are reasonable considering the ‘current loading
condition and the limits of the survey accuracy.

It was concluded that the erosion had not affected the
permanent foundation,

Containment Unit 2 - Partial Tendon Gallery

There were two specific areas of erosion in the Containment
Unit 2 area, Area 14 was at least 50-feet away from the
west end of the partially built Tendon Gallery wall
(Figure 1). This area was repaired as described in
Section II.C.4,

Area 17 pertained to the area surrounding the completed
segment of the Tendon Gallery wall foundation. Extensive
testing was performed in-the area adjacent to the Tendon
Gallery foundation. The test data obtained showed that
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the backfill adjacent to the foundation was dense. Visual
inspection revealed that some erosion had occurred at the
edge of the mudslab along a few sections of the inside
perimeter. A portion of the mudmat was removed and by
means of the proving ring penetrometer it was established
that the erosion extended to approximately 18-inches from
the edge of the foundation. It was concluded that this
erosion was caused by run-off flowing along the periphery
of the Tendon Gallery wall and flowing away toward the
Auxiliary Building. The fill surface and slope against
the mudslab were devoid of any erosion channels, nor was
there any evidence of loss of density. It has been
concluded that no piping of fines occurred below the
Tendon Gallery foundation. If piping had occurred, it
would have manifested itself in the form of erosion adjacent
to the Tendon Gallery foundation mudslab.

Minor additional erosion occurred below the mudmat due to
rainfall that occurred immediately after the evaluation
tests were complete, However, the zone of disturbed
material was at least l-foot away from the Gallery
foundation. The disturbed material was excavated, and the
area was backfilled following approved repair procedures.

Three settlement markers had been installed to monitor
settlement of the Tendon Gallery foundation. These markers,
designated as Nos,. 425, 426 and 427, were located as shown
on Figure 16. A plot of settlement versus time for the
period January 1, 1980, through July 1, 1980, is shown on
Figure 16-5. The data indicate that a maximum settlement
of 0.17 inch was recorded, which is considered reasonable
for the current loading condition and the limits of the
survey accuracy. It was concluded from field test data and
visual observations that the Unit 2 Containment Tendon
Gallery was not affected by erosion adjacent to the
foundation,

Auxiliary Building and NSCW Towers

The Auxiliary Building and NSCW Towers were founded on the
marl formation. The Auxiliary Building base mat is
approximately 22-feet below the top of the marl. The NSCW
Towers are founded approximately 3-feet below the marl
surface. Therefore, none of these structures were affected
by the erosion in the backfill,

- 14 -



Iv.

SURFACE WATER CONTROL

Several steps have been taken to prevent the recurrence of
significant erosion due to rainfall, These steps include:
increasing the protection against externally generated storm
run-off entering the power block excavation, preventing the
uncontrolled flow of storm run-off within the power block
excavation by use of temporary ditches and berms; increasing
the use of slope protection, and increasing the capacity for

pumping storm run-off out of the power block excavation, As

backfill progresses, the pumping scheme and capacities will
be altered to meet any new requirements caused by the changing
configuration of the backfill.

A. External Run-0ff Control

The effective height of the berm surrounding the top of
the power block excavation, including the crests of ramps
entering the excavation, has been raised approximately
2-1/2 feet, This has effectively precluded the entrance
of externally generated storm run-off into the excavation,

B. Control of Storm Run—-Off Within the Power Biock Excavation

All backfill surfaces are sloped so that run-off flows

away from f£fill slopes and away from buildings to swales
which flow to sumps. Run-off collected in the sumps is
pumped out of the excavation to existing discharge piping
and discharge channels which flow away from the excavation.
An 18-inch berm is provided at the top of the fill slope
south of the Turbine Building to prevent run-off from
flowing to lower elevations,

C. Slope Protection

Gunite has been applied to all long-term exposed slopes

in an extensive program to prevent erosion in the event

of heavy rainfall. Short-term slopes are protected with
plastic sheeting,

D. Pumping Capacity

Run-off is removed from the power block excavation at
three primary locations., Water collected in the Turbine
Building area is pumped from a sump in the northeast
corner of the excavation. Isolated areas which cannot
drain around the Turbine Building are pumped to this sump.
Run-off collected in the southeast corner area is pumped
from this area., The remaining areas, which constitute a
majority of the total area, drain to and are pumped from
several sumps in the southwest area of the power block.

- 15 -
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Figure 17, Surface Water Control, shows the location of
the sumps along with pumping capacity. The pumping

system in the northeast corner is capable of pumping

2000 gpm. Five pumping systems located in the southwest
area of the power block have a total capacity of 6575 gpm.
Two systems located in the southeast area have a total
capacity of 2625 gpm. The total capacity of all systems
if 11,200 gpm. The pump capacities shown on Figure 17

are as-built conditions and may be further optimized.

Calculations were made based on 5-inches of rainfall to
determine the amount of water that would collect in the
power block and the length of time necessary to remove
this run-off from the power block. A 1l0-year storm with
a duration of 12-hours would produce 4.5-inches of
rainfall; a 50-year storm with a duration of 24-hours
would provide 10-inches of rainfall. Figure 17 shows
the amount of rainfall and the length of time needed to
remove the run-off from each area. These figures are
based on having approximately 4500 gpm of groundwater
entering the power block and show that the existing
system can adequately handle both the 1l0-year, 1l2-hour
storm and the 50-year, 24~hour storm. Several areas of
the power block may also be utilized to store rainfall
for later removal. The northeast sump has a capacity of
approximately 450,000 gallons, the southwest area has a
storage capacity of approximately 1.7-million gallons, and
the Auxiliary Building and its sumps may store 200,000
gallons without causing any harm to eguipment,
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V.

SUBSURFACE WATER CONTROL

A,

l.

Backfill Piezometers

Continuous monitoring of subsurface water conditions
has been performed both inside and outside the power
block excavation, In addition to the previously
existing piezometer network located outside the
excavation, a number of new piezometers were placed
in the Category I backfill. These consisted of
long~term piezometers extending through the backfill
to the marl and short-term piezometers which extended
a few feet into the backfill in critical areas. These
piezometers were monitored to insure that the water
table was located sufficiently below the backfill
surface to conform to the specifications during
backfill operations.,

The groundwater elevations read in these piezometers
indicated sources influencing the groundwater inside
the excavation, Gradients and corresponding directions
of flow obtained from the piezometer data indicated
that groundwater inside the excavation originated from .
_rainfAIl;SHEEHEE there was no external groundwater
entering the power block past the perimeter filter
blanket and dewatering system. Piezometer locations
are shown in Figure 20,

Wellpoint Piezometers

Wellpoint piezometers were installed along the wellpoint
lines in order to monitor the performance of the
wellpoint system, as well as to provide additional

water level data, These piezometers were installed in
the same manner as the wellpoints except that the
eductor was not installed, The performance of the
wellpoints is discussed in Section V.B., Dewatering
Systems, .

Wellpoint Discharge

During the operational periods of the various wellpoint
systems, the discharge water was monitored to insure
that no significant amount of sand-size particles was
being pumped out of the backfill. The testing of
discharge samples was done in accordance with the
procedure described in Reference 1.

Samples were first wisually examined as speéified in
Reference 1, Samples failing to meet the visual

- 17 -



criteria were tested in accordance with ASTM D-1888 -
using a 40 to 60 micron filter to determine the amount
of sand particles and a 0.45 micron filter for total
suspended solids.

The criteria used limited the amount of sand particles
in the discharge water to 5 ppm and total suspended
solids to ‘50 ppm. Frequent visual and laboratory
testing on wellpoint discharge water indicated that
the criteria for sand particles and total suspended
solids were satisfied.

B. Dewatering Systems

l. Types

There are basically three types of dewatering systems
utilized to control groundwater in the power block
excavation. The three types are eductor wellpoint -
systems, a vacuum wellpoint system, and trench drain
systems, The eductor (also called ejector] systems
were used for dewatering the following areas:

(1) the area along the north wall of the Auxiliary
Building and later extension to Containment Unit 2,
(2) slopes east of Containment Unit 1, and (3) slopes
adjacent to Containment Unit 2, The eductor type
system was chosen for these areas because of its
ability to pump from depths exceeding that of the
conventional vacuum wellpoint installation (18'+).

The eductor system utilizes a double manifold, one a
supply and the other a return line, which c1rculates
water through eductors which are connected to the
wellpoint. This results in the development of a
vacuum at the wellpoint elevation rather than at the
ground surface, Eductor wellpoints were installed in
maximum 1l0-inch diameter holes drilled with rotary
equipment using Revert, Appropriately graded filter
material was installed.

A vacuum wellpoint system was installed inside the
Containment Unit 1 area to lower the groundwater in
the backfill. This type of system is applicable where
the depth of water does not exceed 18'+, since it
employs the use of a conventional vacuum wellpoint
pump which applies the vacuum at the header manifold
level, 1Installation of the wellpoints was similar to
that used for the eductor systems,

Trench drains were installed in the marl in areas where
backfill had not vet been placed. Their function is

to control future groundwater build-up in the backfill
due to rainfall. Trench drains were installed southeast
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of the Auxiliary Building and are presently being
planned for installation southwest of it. Attempts
to install a trench drain along the toe of the

slope directly east of Containment Unit 1 were
abandoned in favor of the eductor wellpoint method
due to the difficulty caused by wet conditions along
the toe of the slope. A typical detail of the trench
drains used is shown on Figure 18,

Specific Locations

Approximately 30-feet north of the north wall of the
Auxiliary Building an eductor system, consisting of

51 eductor wellpoints on 5-foot centers, was installed
to dewater the area for backfill operations., This
system was later extended into Containment Unit 2 by

the addition of 47 eductor wellpoints on 5-foot centers.

Along the inside perimeter of Containment Unit 1 a
vacuum wellpoint system, consisting of 52 wellpoints
on 5=-foot centers, was installed. This system
satisfactorily lowered the water level to permit
backfill to proceed in this area.

Along the top of the slope east of Containment Unit 1
and along the top of the slope west of Containment
Unit 2, two additional eductor systems were installed.
These systems consisted of 50 eductor wellpoints on
5-foot centers on the east side and 82 eductor
wellpoints on 5~-foot centers on the west side, These
wellpoints satisfactorily dewatered the east and west
slopes to permit backfilling against the slopes.

At the southeast corner of the Auxiliary Building a
trench drain was installed at the toe of the new
backfill slope. This trench drain will minimize future
seepage from the toe of the slope, so that backfill
operations may continue when needed.

At the southwest corner of the Auxiliary Building -
another trench drain is planned. The toe of the future
slope will be placed over the trench. This will permit
backfilling against this slope at a later date.

The locations of the above dewatering systems are
shown on Figure 19,

System Performance
Discharge rates from the various wellpoint installations,

both eductor and vacuum types, were quite low, generally
less than 5 gpm from a system. This was due mainly to
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the relatively low permeability of the backfill.
Even though discharge rates were significantly less
than originally anticipated, prolonged pumping .
produced noticeable drawdown in the vicinity of the
wellp01nts

Permeability of Backfill - A preliminary estimate of
backfill permeability based on a consideration of
grain size was about 0.01 ft./min. Pumping rates
based on this permeability were estimated to range
from 36 gpm initially down to 13 gpm after prolonged
pumping (Reference 1l). Actual pumping rates of the
various installations were significantly less than
these amounts, apparently due to the backfill having
a lower permeability than estimated. Later field
permeability testing, using falling head tests on
previously installed piezometers, indicated typical
backfill permeabilities to range from about 3x10=4 to
7x10~4 ft./min., The most reasonable explanation for
these relatively low permeabilities is the high degree
of compaction of the backfill, notwithstanding that
the backfill is generally guite clean (less than 10%
passing a #200 sieve),

Drawdown Influence - Due to the relatively low
permeability of the backfill material, the drawdown
effected by the wellpoint dewatering systems was
restricted to the immediate vicinity of the wellpoints.
Maximum drawdown along a line of wellpoints, based on
observations made on wellpoint piezometers, was about
10~feet decreasing rapidly with distance from the
wellpoints. It is doubtful that any drawdown was
exerted beyond about 50-feet away from a line of
wellpoints. Figure 21 illustrates groundwater
elevations, with approx1mate contours, for 12/27/79,
2/5/80 and 5/5/80.
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VI.

SUMMARY AND CONCLUSIONS

All erosion in the power block backfill was satisfactorily
repaired according to procedures submitted to the Nuclear .
Regulatory Commission by Georgia Power Company, with the
exception of minor deviations that were necessitated by
practical considerations.

Extensive field and laboratory tests were performed to verify
the extent of disturbed material in the eroded areas, These
tests were used to verify the competency of the backfill
adjacent to the foundations of various Category I structures.
The evaluation of the effect of erosion on Category I
structure foundations was based on data developed during
testing, settlement readings and visual observations made
during the entire period of repair.

The field testing and evaluations described in this Report

provided adequate data which defined the disturbed zones in
the Category I backfill, All erosion was successfully
repaired. This evaluation has established that there is no
detrimental effect on the existing structures as a result of
the heavy rainfalls of early November, 1979.
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APPENDIX

A, FIELD TESTING AND SAMPLING PROCEDURES

1.

" Procedure for Dynamic Cone Penetrometer Test

In order to perform dynamic cone penetrometer tests,
the mudslab was first core-cut at the test locations,

A hand auger was then used to auger to a depth of
l-foot, at which depth the cone penetrometer device

was lowered into the hole, The cone was driven at
least 2=inches into the hole to insure that it was
properly seated. The number of blows required to seat
the cone was recorded. After seating, the cone was
driven a further 1-3/4 inches into the hole and the
number of blows recorded as the penetrometer resistance
value, . Driving was accomplished by means of a 1l5-pound
steel ring weight dropping a height of 20-inches on an
E-rod slide drive (see attached sketch). The hole was
then augered down to depths of 2, .3 and 4~feet and the
test repeated at each depth. All tests were run above
the water table to insure that the test results were
not influenced by inflow and soil softening inside the
bore hole.

All dynamic cone penetrometer tests were performed by
GPC Quality Control personnel.

Procedure for Proving Ring Penetrometer Test

Proving ring penetrometer tests were performed at
specified locations to determine the depths of disturbed
zone in the backfill, The tests were performed at depth
intervals of 6-inches as required to reach competent
material. Testing was accomplished by pushing the
penetrometer into the soil perpendicular to the surface
at a uniform rate until the top of the penetrometer cone
was reached, At this point the proving ring dial was
read, If the reading indicated a disturbed zone, the
testing was continued to greater depths. This was done
by shovelling away the disturbed material and testing at
approximately 6-inch depth intervals until competent
material was reached. At this point the penetrometer
was moved to another specified test location.

All proving ring penetrometer tests were performed by
GPC Quality Control personnel, :




Procedure for Sand Cone Density Tests

All sand cone density tests were performed by GPC

Quality Control personnel in accordance with ASTM D-1556,
Moisture content determinations, as part of the sand cone
density test, were made in accordance with ASTM D-2216.,

Method of Shelby Tube Sampling

As part of the backfill testing program for the Unit 1
Containment Building Tendon Gallery foundations, Shelby
tube samples were taken at selected locations along the
inside perimeter of the Unit 1 Tendon Gallery. These
samples were extracted from holes that were hand augered

‘to a total depth of approximately 3~feet below top of

mudslab for the purpose of performing dynamic cone
penetrometer tests,

A sketch showing the Shelby tube sampler used in sample
extraction is included in the Appendix. A 3-inch
diameter, 30-inch long Shelby tube was attached to a
2-foot length of pipe by means of a heavy adaptor. The
driving head was then screwed into the pipe. A flat
plate was welded on top of the driving head, The entire
assembly was then lowered into the hole and driven by
means of a 10-pound sledge hammer.

Immediately following completion of the first dynamic
cone penetrometer test (at depth of 12-inches], the hole
was augered down a further 6-inches. No drilling mud was
used. The Shelby tube was then seated in the hole and
driven by successive blows of the sledge hammer. A total
of four Shelby tube samples were attempted at a depth of
approximately 2-feet, Samples were recovered in three of
the four attempts that were made, The height of recovery
ranged from 4 to 6-inches. Following extraction, the
samples were transported to the laboratory, where density
determination was made by the following procedure:

The volume of the sample inside the tube was determined

by first measuring the distances inside the tube from the
top of the sample to the top of the tube and the bottom

of the sample from the bottom of the tube. These distances
were subtracted from the total length of the tube sampler
and then multiplied by the cross-sectional area of the
tube, With the volume of sample thus obtained, the sample
was pushed out of the tube and weighed. A moisture

content determination was made on the sample, The dry
density of the sample was then computed.



LABORATORY TESTING PROCEDURES

The Modified Proctor Compaction Test was the only type of.
laboratory compaction test performed during the period of"
backfill erosion repairs. This test was performed by GPC -
Quality Control personnel in the field soils laboratory.
Moisture content determinations, as part of the Modified
Proctor Compaction Test, were made in accordance with ASTM
D-2216,
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TABLE 1

STANDARD PENETRATION TEST, DYNAMIC CONE PENETROMETER TEST,
B CALIBRATION DATA

a) Summary of Dynamic Cone Penetrometer Test Data

Depth Test Designation:
(ft.) | cp-11{ Cp-2 | CP-3 |{CP-4 | CP-5 cp-6| cp-7| cp-8 | CP-9 | CP-10
1.0 26 26 27 29 25 24 24 33 17 19
1.5 31 31 34 34 30 38 31 45 29 -
2.0 40 38 4Q 36 55 42 46 46 48 43
3.0 56 58 62 51 57 49 46 57 54 69
3.5 62 54 70 55 60 64 - - - -
4.0 62 70 62 55 60 69 47 52 66 . 76
b) Summary of Standard Penetration Test Data
Depth Test Designation
(ft.) sprT-1| spr-2 | spT-3 | spT-4| SPT-5| SPT-6
0,5-1 (set) 6 5 5 7 6 7
1.0 24 26 25 26 27 26
2-2.5 (set) 6 15 14 16 i4 15
2.5 59 55 55 57 57 57
3.5-4 (set) 20 21 21 25 21 22
4.0 86 97 96 94 89 87
c) Correlation Curve Values
Average SPT Average DCP
Depth | Values, Blows/Ft., | Values, Blows/1l.75 Inches
(ft.) Np Ne Remarks
1.0 26 25 Values
1.5 38%* 34 Plotted in
2.0 47%* 44 Figure 3
3.0 69%* 56
3.5 80%* 60
4.0 92 -62

*interpolated values
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TABLE 3

SUMMARY OF DYNAMIC CONE PENETROMETER TEST DATA
ADJACENT TO UNIT 1 ELECTRICAL TUNNEL EAST WALL

Test Depth | Blows to Seat | Blows to Drive
Designation | (Feet) 2 Inches 1-3/4 Inches Remarks

1-a 1.0 - 36 Test performed on
2.0 - 40 2/12/80. Blows
3.0 - 52 to seat not
4.0 - 95 recorded.

2-A 1.0 - 25 Test performed on
2.0 - 32 2/12/80. Blows
3.0 C— 59 to seat not
4,0 - 56 recorded.

3-A 1.0 - 13 Test performed on
2.0 - : 15 2/12/80.. Blows
3.0 — 19 to seat not
4,0 - 10 recorded.

3-B 1.0 16 32 Located approxi-
2.0 16 47 mately 5 feet
3.0 17 49 north of DCP Hole
4.0 10 36 No., 3-A. Test

performed on
5/12/80,

3-C 1.0 12 21 -{ Test performed on
2.0 15 27 5/12/80. Located
3.0 15 23 approximately 3
4.0 7 . 11 feet south of DCP
4.4 5 ‘10 Hole No. 3=-A.

4-A 1.0 - 31 Test performed.on
2.0 - 32 2/13/80. Blows
3.0 - 46 to seat not -
4.0 - 58 recorded.

5-A 1.0 - 14 Test performed on
2.0 - 18 2/13/80. Blows
3.0 - 17 to seat not
4.0 - 24 recorded.

5-B 1.0 13 19 Test performed on
2.0 21 34 5/13/80. Located
3,0 21 48 approximately 3
4,0 14 37 feet north of DCP
4,6 12 37 Hole No. 5-A.

. »sCcontinued,..




TABLE 3, continued

Summary of Dynamic Cone Penetrometer Test Data
Adjacent to Unit 1 Electrical Tunnel East Wall

Test Depth | Blows to Seat .Blows to Drive
Designation | (Feet) 2 Inches 1-3/4 Inches Remarks
5-C 1.0 14 19 Test performed on
2.0 16 32 5/13/80. TLocated
3.0 16 32 approximately 3
4.0 18 44 feet south of DCP
4.6 8 31 Hole No. 5-A,
6-A 1.0 - 32 Test-performed on
2.0 - 36 2/13/80. Blows
3.0 - 40 to seat not
4.0 - 62 recorded.
7-A 1.0 - ) 13 Test performed on
2.0 - 28 2/13/80., Blows
3.0 - 51 to seat not
recorded.
NOTE: See discussion in Section III.C.2 for

evaluation and details of repair work
done at locations where low penetration -

resistance was

recorded.




TABLE 4

SUMMARY OF DYNAMIC CONE PENETROMETER
TEST DATA FOR UNIT 1 TENDON GALLERY °

Test Depth | Blows to Seat | Blows to Drive
Designation | (Feet) | = 2 Inches *1-3/4 Inches Remarks
1 1.0 16 34
2,0 30 56
3.0 28 ' 55
2 1.0 14 27
2.0 28 54
3.0 26 60
3 1.0 15 24
2.0 22 34
3.0 20 43
4 1.0 14 27
2.0 18 41
3.0 22 45
5 1.0 21 58
2.0 41 66
3.0 37 70
6 1.0 24 41
2.0 21 52
3.0 39 51
7 1.0 20 ' 36
2.0 29 52
3.0 18 48
8 1.5 17 31
2.5 34 56
3.0 19 30
9 1.5 29 , 60
2.0 - - Shelby tube
3.0 26 49 sample attempted
10 1.5 22 54
2.0 - - Shelby tube
3.0 28 45 sample attempted
11 1.5 19 40
2.0 - - Shelby tube
2.5 14 41 sample attempted
3.0 19 40

.s.cOntinued.,.




TABLE 4, contirfued

Summary of Dynamic Cone Penetrometer

Test Data for Unit 1 Tendon Gallery

Test Depth | Blows to Seat | Blows to Drive -
Designation | (Feet) 2 Inches 1-3/4 Inches Remarks
12 1.0 3 23
2.0 -— - Shelby tube
3.0 17 37 sample attempted
4.0 15 52
13 1.5 18 34
2.0 - - Shelby tube
3.0 29 77 sample attempted
14 1.0 18 36
2.0 20 44
3.0 20 43
15 1.0 11 25
2,0 24 40
3.0 25 31
le6 1.0 10 14
2.0 21 30
3.0 23 35
17 1.0 13 22
2,0 25 42 -
3.0 16 31
NOTE: See discussion in Section III.C.3




TABLE 5

SUMMARY OF DYNAMIC CONE PENETROMETER
TEST DATA FOR UNIT 2 TENDON GALLERY

Test Depth | Blows to Seat| Blows to Drive
Designation | (Feet) 2 Inches 1-3/4 Inches Remarks

1 1.0 19 39
2.0 28 58
3.0 33 : 85

2 1.0 22 30 A )
2.0 35 50
3,0 30 73

3 1.0 11 15 .

2,0 29 45
3.0 25 89
4 1.0 13 19
2.0 29 44
3.0 33 83
5 1.0 16 24
2.0 26 54
3.0 45 97
6 1.0 17 30
- 2.0 27 68
3.0 43 107
7 1.0 12 23
2.0 27 60
3.0 40 104
8 1.0 11 18
2.0 27 71
3.0 40 90
9 1.0 17 27
2.0 28 47
3.0 46 99
10 1.0 15 34
2.0 36 72
3.0 34 101
11 1.0 12 25
2.0 44 89
3.0 37 106

...continued,..



TABLE 5, continued

Summary of Dynamic Cone Penetrometer
Test Data for Unit 2 Tendon Gallery

Test Depth | Blows to Seat | Blows to Drive
Designation | (Feet) 2 Inches 1-3/4 Inches Remarks
12 1.0 19 27
2.0 53 123
3.0 77 146
13 1.0 19 41
2.0 39 84
3.0 47 89




ANALYSIS OF DEWATERING
PUMP

PERFORMANCE

Prepared by: D.H. Day
Mechanical Section - Instrumentation



II.

III.

'SCOPE

Provide calculations to establish a more precise value for the
flow rate capabllllty for dewaterlng sump pumps located ln the
power block. .

Plant Vogtle Final Report on Dewatering and Repair of Erosion
In Category I Backfill In Power Block Area, Section IV, Pumping
Capacity makes an assumption foir total pumping capacity to be
10,40Q GPM. This analysis will. show the 10,400°GPM to be

realistic....

METHOD . - ; i

Each pump with its associated system head requirements will be
individually analyzed. £

ASSUMPTIONS AND CONSIDERATIONS -

All pumps w1ll be con51dered to be open-ended since the pumps -
feed both open channels and a gravity drained, partially-filled
24" @ corrugated collection header....

§
3
'\

Water flowing temperature is calculated at 600" though actual

,temperature range 1s ‘about 35 lOOO Fiooo

g

All piping to be conSLdered as clean commerc1al grade steel plpe,.ggfr
including rubber hose, for plpe friction factor purposes.  However,

rubber hose may exhibit higher actual friction factors than

steel pipe. Consideration o rubber hose as commercial steel pipe

for friction factor purposes|ls gustlfled by the fact that hose

runs are less than 30 feet in th® attached piping systems and the
error introduced here will be insignificant. (Except pumps F & H)...

Symbology and units follow the conventlon establlshed in Reference -

1. (See flgure 2)

with Flgure l._'

¥ L - ~
- - : E

For ldentlflcatlon purposesxpumﬁs« are ',’deeignat__ed in accord_avnce
3

Fittings are nct'totally accounted.for in the Ktétal.computatiOn.,:g



IV. ACCURACY

Accuracies based on assumptions, considerations and inherent
errors are estimated to be * 5% of predicted flow rates.

£
V. SbMMATIOV‘

5

A. Predlcted flows are as follows.

1.  Pump A - Not 1nstalled
2. Pump B - 1750 GPM '~
3. Pump C - 825 GPM S
4. Pump D - 1600 GPM '
5. Pump E - 1600 GPM
6. Pump F - 650 GPM .
7% Pump G - 1975 GPM .
8 Pump H.- 1200 GPM -
9. Pump J - 80Q GPM S
Jmotal EXlEtlng flow rates capablllty } _
;?. = 1}50 + 825 + 1600 + 1600 + 650 + 1975 + 1200 + 800 = 10,400 GP

)

©
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VI.

Accumulation versus Pumping Capability

Figure 2, prepared by Civil/Duncan, details the power block
ponding areas and the water accumulation following a postu-
lated 5-inch rain. The following calculations provide the.

pumping time required per area for total drawoff:

~include existing groundwater)

1. ©Northeast Corner -

Quantity accumulated (gallons) _ 1.5 x 106 Gal

(Does not

Pumping capacity (gallons/hour) (2000) (60) Gal/hr

6 :
1.5 x 10~ _
T2 %10 —‘lZ.S h#s.

2. Southwest Corner -

Quantity accumulated (gallons) 3.1 x 105Gal

Pumpilng capacity (gallons/hour) (6575) (60) Gal/hr

3.1 x 106 _
3.945 x 105 Gal/hr. - /-86 hrs.

3. Southeast Corner

Quantity accumulated (gallons) _

1.1 x 10%Gal _

Pumping capaclty (gallons/hour)

1.1 x 10%Gal. -
157.5.x 105 Gal/hr

6.98 hrs.

RECOMMENDATIONS

1.

System pumping requireﬁents should be determined prior to

pump procurement...

Submersible pumps need to be restrained within the sump to
prevent "burrowing" into sand and mud as a result of start-up

torque. Pumps should also be elevated above sand and mud level

Sufficiently rated starters should be provided on all pumps.

Specifically, pump C's electrical circuit should be checked

Change 4" rubber hose to 8" on pump C...Major improvement...

Change 6" piping to 8" on pump G...

Install check valves on all lines. Remove homemade check valve

from pump J line...

Design and install Cippoletti weir at groundwater/rainwater
effluent line discharge to determine exact rate of flow.

Change 4" piping to 8" on Pump F....Major improvement. ..



9. Remove kinks from suction line hoses on diesel pumps.
Replace 8" hose section on pump E with 8" hard piping.

VII. REFERENCES

1. Flow of Fluids Through Valves, Fittings, and Pipe,
Technical Paper No. 410, Crane.

2. Pump Handbook, McGraw Hill

3. Hydraulic Institute Standards, Thirteenth Edition,
' Hydraulic Institute

4., Principles and Practices of Flow Meter Engineering,
Foxboro, L.K. Spink '

VIII. ATTACHMENTS : .
Figure 1 - Surface Water Control - Plan View
Figure 2 - Nomenclature
Figure 3 - General Energy Equation - Bernoulli's Theorem
Figure 4 - Ponding Areas and Anticipated Collection of Rainfall

Following Postulated 5-inch Rain

Figure 5 - Weir Construction Details
Appendix A - Dewatering Pump Performance - Pump A
Appendix B - " " " ~ Pump B
Appendix C - " " " - Pump C
Appendix D - " " " - Pump D
Appendix E - " " " ~ Pump E
Appendix F - " " " = Pump F
Appendix G - " " " - Pump G
Appendix H - " " " - Pump H
Appendix J - " " " - Pump J
Appendix K - Comparative pipe losses for 6"-8"-12" NPS
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Nomenclature

Unless otherwise stated, all symbols used
in this book are defined as follows:

A = cross sectional area of pipe or orifice, in
square feet
a = cross sectional area of pipe or onhc; or ﬂo“
area in valve, in squarc inches »
B = rate of flow in barrels (42 zallonsy per_hour
C = flow coefficient for orifices and nozzles -
‘= discharge coefficient corrected for vel-
ocity of dpproach Ca/ =g,
C. = discharge coefficient for urifices and nozzles
Cy = flow coefficient for valves: expresses flow
rate in gallons per minute of 6o FF water
: with 1.0 psi. pressure drop across valve
D = internal diameter of pipe. in fect
d = internal diameter of pipe. in inches
e = base of natural logarithm = 2.718
/= friction factor in formula h, = fLt* Dg
fr < friction factor in zone of complete turbulence-
g = acceleration of gravity = 31.1 feet per
~ second per second
H = total head, in feet of Huid
~h = static pressure head existing at a point, in
‘ {eet of Huid
h, = total heat of steam. in Btu per pound
h., = loss of static pressure head due to tuid
flow. in feet of tluid
h. = static pressure head. in inckes of water
K = resistance coefficient or velocity head loss
in the formula, h, = Kr2 '1g
k= ratio of specific heat at constant pressure
to specific heat.at constant volume =
¢y e,
L = lenath of pipe. in feet
L D = equivalent length of a resistance to tow,
in pipe Jdiameters
L~ = length of pipe. in miles
M = molecular weight
MR = universal gas constant = 15ad
n = exponerc in equation for polvtropic change
(p'\'z = constant)
P = préssure. in pounds per square inch gauge
P’ = pressure, pounds per square inch absolute
(see page 1-5 for diagram showing relation-
ship between gauge and absoluie pressure:
p’ = pressure. in pounds per square {oot absolute
Q = rate of flow, in gallons per minute
¢ = rate of flow, in cubic feet per second at
tlowing conditions
g = rate of flow, in cubic feet per se.ond at
standard conditions (14.7 psia and boF)
¢« = rate of flow, in millions of standard cubic
feet per day, MMscid
q’'» = rateof flow, in cubic feet per hour at stand-
ard conditions (14.7 psia and teF), scfh
g~ = rate of flow, in cubic feet per minute at
‘flowing conditions
¢’ = rate of flow, in cubic feet per minute at
std. conditions ( (14.7 psia and bokF), scfm
"R = individual gas constant = MR\ =
1545 M
R, = Reynolds numher

.

»

Reues 3

RII

Fe

)

S,

T.

t
v

Va
v
U

= hydraulic radius; in feet- —

critical pressure racio for compressible flow
specific gravity of liquids at specificd tempe:-
ature relative to water at standard tempere
ture (bo )

\pLC ific ”Ta\lf\ of a "aS relatlxc [O air =

the ratio of the rnol&.cular weight of the
gas to that of air .
ahsolute temperature. in degrees Rankine

(1bo -+ t)
temperature. in degrees ffahrenheit
specific volume of fluid. in cubic feet per
pound
mean eloaity of flow,
volume. in cubic feet
mean \:c ocity of tlow. in feet per second

in feet per minute

= sonic (or critical) velocity of flow of a gas,

in feet per second
rate of fiow. in pounds per hour
rate of tlow, in pounds per second
weight. in pounds :
percent guality of stecam =
cent of moisture ———
net expansion ;"ac:or :'o- compressible flow
through orifices. nozzies. or pip
potential head or elevation above reference
level. in feet

10C minus per

Greek Letters

Beta

3

Delta
FAN

ratio of small to large Jdiameter in orifice:
and nozzles, and conzractions or enlarc:-
ments in pipes

= ditferential hezween two points

Epsilon

€

Mu

n
He

= absolutc (dynamic) viscosity,
= absolute viscosity,

»

= kinematic viscosity.
= kinematic viscosity, square feet per second

absolute roughness or efiective height o
pire wall irregularities, in ree:

in centipotse
in pound mass per foc:
second or poundal seconds per sq foo:

= absolute viscosity. in <lur's per foot seconz

or pound force seconds per square too:

in centistokes

= weight density of {luid. pounds per cubic {1
= density of tuid. grams per cubic centimeter

= anglec of convergence or divergence

inenlarz:-
ments or contractions in pipes

Subscripts for Diameter

" (1)...defines smaller diameter
(2)...defines larger diameter

Subscripts for Fluid Property
(1)...defines inlet (upstream) condition
(2)...defines outler (downstream) condition



General Energy Eqﬁufion

Bernoulli’s

The Bernoulli theorem is a means of expressing the
application of the law of conservation of energy to
the flow of fluids in a conduit. The total energy at
any particular point, above some arbitrary horizontal

r]: N EHErg Giz ~
5 Y Gidte Line h,
'f—"'l Hydrauliq Grace jna 2
P, ox 144 Iy x 14
ry [
| =
{ :
|
L

| Atbitrary Harizontal Datur Plane

Figure 1.4
Energy Baiance for Two Poiats in a Fluid

By permission, from Fluid Mechanics'® by
R. A. Dodge ahd M. J. Thompson. Copyright
1937; McGraw-Hill Book Company, Inc.

L= 0.oezag ko>
de

2. RQ_: \22.9 d\yﬁ

eore 4

Theorem

datum plane, is equal to the sum of the elevation
head, the pressure head, and the velocity head,
as follows: - .

144 P v?
s T

If friction losses are neglected and no energy is added
to, or.taken from, a piping system (i.e., pumps or
turbines), the total head, H, in the above equation
will be a constant for any point in the fluid. How-
ever, in actual practice, losses or energy increases
or decreases are encountered and must be included .
in the Bernoulli equation. Thus, an energy balance
may be written for two points in a fluid, as shown in
the example in Figure 1-4. T

o — e

7 4
~ T

Note the pipe friction loss from point 1 to point 2
is h, foot pounds per pound of flowing fluid; this is
sometimes referred to as the head loss in feet of {uid.
The equation may be written as follows: ‘
Equation 1-3

A

3,
g The

P
R
1

] P,

All practical formulas for the flow of fluids are de-
rived from Bernoulli's theorem, with modifications
to account for losses due to friction.

2. ‘ahp = Q\*é

L/ 000 aP
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