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SUBJECT: Intorn;ancy Agreement No. NRC-03-79-167, Task No. 1 - Midland Plant
Units | and 2, Subtaik Ne. 1 = Letter Report .J.g.,m 1180

| e~ &Vrn\:mv'l.\ £ g
\\wunq (e w'rs ~§:)f s"ﬂ(\l’

THRU: Division Engineer, North Central . | Com menty b'} 3“"2 15.‘ 12802
ATTN: NCDED~G (James Simpson) “ 9\0 C:onzw«
{ DK.K. e “‘J’h \ Qr QVYQJ

| Leow ReiTer \\S—Klmba\

|

TO: U.S. Nuclear Regulatory Commission \ ‘E?"W PN
ATTN: Dr. Robert E. Jackson | Frank Kivald,
Division of Systems Safety
Mail Stop P-314
Washington, D. C. 20553

7 JuL 1380

|

l. The Detroit District hereby submits this letter report with regard to

completion of subtask No. | of the subject Interagency Agreement concerning a
the Midland Nuclear Plant, Units 1 and 2. The purpose of this report is to

{dentify unresolved {ssues and make recommendations on a course of action

and/or c'‘te additional information necessary to settle these matters prior to
preparation of the Safety Evaluation Report.

2, The Detroit District's team providing geotechnical engineering support to
the NRC to date has made a review of furnished documents concerning
foundations for structures, has jointly participated in briefing meetings with
the NRC staff, Consumers Power Company (the applicant) and personnel from
North Central Division of the Corps of Engineers and has made detailed site
inspections. The data reviewed includes all documents received through
Amendment 78 to the operating license request, Revision 28 of the FSAR,
Revision 7 to the 10 CFR 50.54(f) requests and MCAR No. 24 through Interim
Report No. 8. Generally, each structure within the complex was studied as a
separate encity.

3. A listing of specific problems {n review of Midland Units | and 2 follows
for Category I structures. The issues are unresolved {n many instances,
because of inadequata or missing I{nformation. The structures to be addressed
follow the description of the problem.

a. Inadequate presentation of subsurface information from completed
borings on meaningful profiles and sectional views. All structures.

. . o -
OO T A ALl S
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b. Discrepancies between soil descriptions and classifications on boring
logs with submitted laboratory test results summaries. Exaaples of such
discrepancies arve found in boring T-14 (Borated water tank) which shows stiff
*o very stiff clay where laboratory tests indicate soft clay with shear
strength of only 500 p.s.f. The log of boring T-15 shows stiff, silty clay,
while the lab tests show soft, clayey sand with shear streagth of 120 p.s.f.
All structures.

e. Llack of discussion about the criteria used to select soil samples for
lab testing. Also, identification of the basis for selecting specific values
for the various parameters used in foundation design from the lab test
results. All structures.

d. The inability to completely identify the soil behavior from lab
testing (prior to design and construction) of individual samples, because in
general, only final test values i{n summary form have beer provided. All
structures.

(1) Lack of site specific {nformation in estimating allowable bearing
pressures. Only textbook type information has been provided. If necessary,
bearing capacity should be revised based on latest soils data. All structures
on, or partially on,fill.

(2) Additional information is needed to indicate the design methods
used, design assumptions and computations in estimating settlement for safety
related structures and systems. All structures except Diesel Generator
Building where surcharging was performed.

e. A complete detailed presentation of foundation design regarding
remedial measures for structures undergoing distress is required. Areas of
remedial measures except Diesel Generator Building.

f. There are inconsistencies in presentation of seismic design
{nformation as affected by changes due to poor compaction of plant fill.
Response to NRC question 35 (1€ CFR 50.54f) indicates that the lower bound of
shear wave velocity {s 500 feet per second. We understand that the sane
velocity will be used to analyze the dynamic response of strauctures built on
£111. 'owever, from information provided by the applicant at the site meeting
on 27 and 28 February 1980, it was stated that, except for the Diesel
Generator Building, higher shear wave velocities are being used to re-evaluate
the dynamic response of the structures on fill material. Structures on f111
or partially on fil' except Diesel Generator Building.

4, A llsting of specific Lssues and information necessacy to resolve them.

a2« Reactor Building Foundation

(1) Settlement/Consolidation. Basis for settlement/consolidation of
the reactor foundation as dfscussed {a the FSAR assumes the plant site would
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not be dewatered. Discuss and furnish computation for settlement of the
Reactor Buildings in respect to the changed water table level as the result of
site dewatering. Include the effects of bouyancy, which were used in previous
calculations, and fluctuations in water table which could happen if the
dewatering system became inoperable.

(2) Bearing Capacity. Bearing capacity computations should be
provided and should include method used, foundation design, design
assumptions, adopted soil propertiesg and basis for ulccun.,ulctuto LYearing

capacity and resulting factor of safety. o 4 F5aR Table 254 ¢ only PS5,
b. Diesel Generator Building.

(1) Settlement/Consolidation. In the response to NRC Question & and
27, (10 CFR 50.54f), the applicant has furnished the results of his computed
settlements due to various kinds of loading conditions. From his explanation
of the results, it appears that compressibility parameters obtained by the
preload tests have been used to compute the static settlements. Informacion
pertaining to dynamic response including the amplitude of vibration of
generator pedestals have also been furnished. The observed settlement pattern
of the Diesel Generator Building indicates a direct correlation with soil
types and properties within the backfill material. To verify the preload test
settlement predictions, compute settlements based on test results on samples .
from new borings which we have requested in a separate cemo and present the
results. Reduced ground water levels resulting from dewatering and diesel
plus seismic vibration should be considered (n sett]ement and seismic
analysis. Purnish the computation details for evaluating amplitude of
vibration for diesel generator pedestals including magnitude of exciting
forces, whether they are constant or frequency dependent.

(2) Bearing Capacity. Applicant's response to NRC Question 35 (10
CFR 50.54f) relative to bearing capacity of soil Ls not satisfactory. Flgure
35-3, which has been the dasis of selection of shear strength for computing
bearing capacity does not reflact the characteristics of the soils under the
Diesel Generator Building. A bearing capacity computation should be submitted
based on the test results of samples from new borings which we have requested
{n a ceparate memo. This i(nformation should ineclude method used, foundation
design assumptions, adopted soil properties and basis for selection, ultimte

bearing capacity and resulting factor of safety. Yabl 2.5.\& resuth wal be
o8 o ‘;&ubs provded

(3) Preload Effectiveness. The effectiveness of the preload should
be studied with regard to the molsture content of the fill at the time of
preloading. The height of the water table, its time duration at this level,
and whether the plant fill was placed wt or dry of optimum would be all
fmportant considerations.
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(a) Gramular Soils.

When sufficient load is applied to granular soils it usually causes a
reorientation of grains and movement of particles into more stable positions
plus (at high stresses) fracturing of particles at their points of contact.
Reorientation and breakage creates a chain reaction among these and ad jacent
particles resulting in settlement. Reorientation is resisted by friction
between particles. Capillary tension would tend to increase this friction. A
noisture {ncrease causing saturation, such as a rise in the water table as
occurred here, would decrease capillary tension resulting in more compaction.
Present a|discussionjon the water table and capillary water effect on the
granular portion of \the plant fill both above and below the water table during

and afger the prel
w*‘bn w)
(b) Impervious and

or Clay Soils. Co€

Clay £ill placed dry of optimum would not compact and voids could
exist between particles and/or chunks. In this situation SPT blow counts
would give misleading information as to strength. Discuss the raising of the
water table and determine if the time of saturation was long enough to
saturate possible clay lumps so that the consolidation could take place that

would preclude further settlement.
below Hhs elevatian €

' Discuss the preload effect on clay soils lying above the water table

o (7 feet +) that were possibly compacted dry of optimum. It would appear only

i

limited consolidation from the preload could take place in this situation and
the potential for further settlement would exist.

Discuss the effect of the preload on clays placed wet of optimum. It
would appear consolidation along with a gain in strength would take place.
Determine L{f the new soil strength is adequate for bearing capacity.

Conclusion: Since the reliability of existing fill and compaction i{nformation
{s uncertain, additional borings and tests to determine void ratio (granular
soils) relative density, moisture conteut, density, consolidation properties
and strength (triaxial tests) would appear to be desirable in order to
satisfactorily answer the above questions. Borings should be continuous push
vith undisturbed cohesive soil samples taken.

(4) Miscellaneous. A contour map, showing the settlement
configuration of the Diesel Generator Building, furnished by the applicant at
the meeting of 27 and 28 February 1980 indicates that the base of the building
has warped due to differential settlements. Additional stresses will be
{aduced {n the various components of the structure. The applicant should
evaluate these stresses due to the differential settlement and furnish the

computations and results for review.

thould discussion cover TRy 27-2 ques pord) levels
“ﬁ}?. 2123 2140 dms :‘ 2 Py 276 Yoy 2749 ques pedomene levely
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¢+ Service Water Building Foundation.

(1) Bearing Capacity. A detailed pile design based upon pertinent
soil data should be developed in order to more effectively evaluate the
proposed pile support system prior to load testing of test piles. Provide
adopted soil properties, reference to test data on which they are based, and
method and assumptions used to estimate pile design capacity including
computations. Provide estimated maximum static and dynamic loads to be
{mposad and individual contribution (PL, LL, OBE, SSE) on the maximum loaded
pile. Provide factor of safety against soil failure due to maximum pile load.

2) Settl . :

(2) Settlements o i ¢ povhan o} S .

(a) Discuss and provide analysis c:*fhncin;‘%oas1br¢ fferential
settlement that could ocaur between the pile supported cnd and the portion

placed on fill. 4 24, W et n.w «mm..r o Wit me T
i ~hjsr:hyezzgﬁn¥uw~\§ !:Utn *

(b) Present discuslion why the retaining wall adjaccnt to tho intake
structure is not required to be Seismic Category I structure. Evaluate the
observed settlement of both the service water pumphouse retaining walls and
th: intake structure retaining wall and the significance of the settlement
including future settlement prediction on the safe operation of the Midland
Nuclear Plant.

(3) Seismic Analysis. Provided the proposed 100 ton ultimate pile
load capacities are achieved and reasonable margia of safety is available, the
vertical pile support proposed for the overhang section of the Service Water
Pump Structure will provide the support necessary for the structure under
coubined static and seismic inertial loadings even if the soil under the
overhang portion of the structure should liquefy. There is no reason to think
this won't be achieved at this time, and the applicant has committed to a load
test to demonstrate the pile capacity. The dynamic response of the structure,
including the inertial loads for which the structure itself is designed and
the mechanical equipment contained therein, would change as a result of the
{ntroduction of the piles. Therefore:

(a) Please summarize or provide coples of reports on the dynamic
analysis of the structure in its old and proposed configuration. For the
latter, provide detailed information on the stiffness assigned to the piles
and the way in which the stiffnesses were obtained and show the largest change
{n interior floor vertical response spectra resulting from the proposed
mocification. If the proposed configuration has not yet been analyzed,
describe the analyses that are to be performed giving particular attention to
the basis for calculation or selection, of and the range of numerical
stiffness values assigned to the vertical piles.

(b) Provide after completion of the new pile foundation, {in
accordance with commitment Mo. 6, item 125, Consumers Power Conpany nmemorandum
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dated 13 March 1980, the results of measurements of vertical applied load and
absolute pile head vertical deformation which will be made when the structural
load is jacked on the piles sv that the pile stiffness can be determined and
compared to that used in the dynamic analysis.

d. Auxiliary Building Electrical Penetration Areas and Feedvater
Isolation Valve Pits.

(1) Settlement. Provide the assumptions, method, computation and
estimate of expected allowable lateral and vertical deflections under static

and seismic loadings.

(2) Provide the construction plans, and specifications for
underpinning operations beneath the Electrical Penetration Area and Feedwater
Valve Pit. The requested Information to be submitted should cover the
following in sufficient details for evaliation:

(a) Details of‘dctztc ag system (locatioms, depth, size and capacity
of wells) including the monitoring program to be required, (for example,

measuring drawdowm, flow, frequency of observations, ate.) to evaluate the
performance and adequacy of the installed oyntci. t

- e s 2 .

(b) Location, sectional views and dimensions of access shaft a
drift to and below auxiliary building wings. .
|
(¢) Details of temporary surface support system for the valve pts::_”,/

Y ‘Dewatering before underpinning is recomnended in order to
preclude differential settlement between pile and soil supported elements and
negative drag forces.

(e) Provide adopted soil properties, method and assumptions used to
estimate caisson and/or pile design capacities, and computational results.
orovide estimated maximum static and dynamic load (compression, uplift and
lateral) to be imposed and the {ndividual contribution (DL, LL, OBE, SSE) on
maximum loaded caisson and/or pile. Provide factor of safety agalnst soil
failure due to maximum pile load.

(f) Discuss and furnish computations for settlement of the portion of
the Auxiliary 3uilding (valve pits, and electrical penetration acea) in
respect to changed water level as a result of the site dewatering. Include
the effect of bouyancy, which vas used in previous calculations, and
fluctuations in water table which could happen, L€ dewatering system becomes
inoperable.

(g) Discuss protection measures to be required against corrosion, {if
piling is selected.
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(h) Identify specific information, data and method of presentation to
be submitted for regulatory review at completion of underpinning operation.
This report should summarize construction activities, field inspection
records, results of field load tests on caissons and piles and an evaluation
of the completed fix for assuring the stable foundationm.

e« Borated Water Tanks.

(1) Settlement. The settlement estimate for the Borated Water

Storage Tanks furnished by the applicant in response to NRC Question 3l (10
CFR 50.54f) 1s based upon the results of two plate load tests conducted at the
foundation elevation (EL 627.00+) of the tanks. Since a plate load test is
not effective in providing information regarding the soil beyond a depth more
than twice the diameter of the bearing plate used in the test, the estimate of
the settlement furnished by the applicant does not include the coatribution of
the soft clay layers located at depth more than 5' below the bottom of the
tanks (see Boring No. T=l14 and T-15, and T-22 thru T-26).

(a) Compute settlements which include contribution of all the soil
layers influenced by the total load on the tanks. Discuss and provide for
review the analysis evaluating differential settlement that could ocaur
between the ring (foundations) and the center of the tanks.

(b) The bottom of the borated tanks being flexible could warp under
differential settlement. Evaluate what additional stresses could be {nduced
{n the ring beams, tank walls, and tank bottoms, because of the settlement,
and compare with allowable stresses. Furnish the computations on stresses
including nethod, assumptions and adopted soil properties in the analysis.

(2) Bearing Capacity., Laboratury test results on samples from boring
T=15 show a soft stratum of soil below the tank bottom. Consideration has not
been given to using these test results to evaluate bearing capacity
{nformation furnished by the applicant in response to NRC Question 35
(10 CFR 50.54f). Provide bearing capa.ity computations based on the test
results of the samples from relevant borings. This information should {nclude
method used, foundation design assumptions, adopted soil properties, ultimate

beari upucu{ and ruu.ltw ,if uhitfor the static and the seismic
loads. Table 2.5~ |4 wdieatey m\s on wilbe yovided H At ndvme » F
f. Underground Diesel Fuel Tank Foundation Design

\
(1) Bearing capacity. Provide bearing capacity computation based on 1
the test results of samples from relevent bdorings, (ncluding method used, |

foundarion design assumptions, adopted soil properties, ultimgte bpari

capacity and the resulting factor of safety. \s re¥ \0“ m \\l‘ta w laplt 2.5
(2) Provide tank settlement analysis due to static and dynamic loads

{ncluding methods, assumptions =made, etc.
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(3) What will be effects of uplift pressure on the stability of the
tanks and the associated piping system u the dewatering system becomes
i{noperable?

g8+ Underground Utilities:
(1) Settlement

(a) Inspect the interfor of water circulation piping with video
cameras and sensiag devices to show pipe cross section, possible areas of
crackings and openings, acd slopes of piping following consolidation of the
plant fill beneath the laposed surcharge loading.

(b) The applicant has stated in his response to NRC Question 7 (10
CFR 50.54f) that Lf the duct banks remain intact after the preload program has
been completed, they will be able to withstand all future operating loads.
Provide the results of the observations made, during the preload test, to
determine the stadbility of the duct banks, with your discussion regarding
their reliability to perform their design functions.

(¢) The response to Question 17 of "Responses to NRC Requests
Regarding Plant Fill" states that “there {s no reason to believe that the
stresses Lo Seismic Category [ piping systems will ever approach the Code
allowable.” %e question the adbove statement based on the following!

Profile 26" = OHBC~34 on I'ig. .9=1 shows a sudden drop of approx. 0.2 foo!
within a distance of only 20 feet. Using tho procedure on ps 17-2, .-

u m!&-d ass Mnf c-uwdvn.

1m.

“E(e) = E ( «% (D Y mk "
(eqneed 4o ¢ _.& L...} .(_f.). ‘v‘n\‘: t: d w" n canunw
bomee N". GvKing -~ Yy Wm

= 30000 ( 26 i ( 840, 2!‘ lg « 130.0 v
. ) | i Ks1 w‘ .

Furthermore, the Eq. 10(a) of Article NC-36352.3, S«( It, Dtvulo 1, of tM
ASME code requircs that some Stress Intens tcauoa Factor be assl

all compuced settlement strasees. Tat, Table 7= y

for this pipe. This satter requires further review. Please respond to

apparsut discrapancy 4« also specify the location of '“B computed «c:hnac
strass at the pipeline stationing chcvn on tho pto ore than one

. tho -u- vistt on 19 robm.ry 1980, ve obsarved three
instances of what appo.nd to be degradation of uttlupcco at penetrations of
Category I plping through concrete walls as follows!

(Me..mm- - s

udf.‘r‘

'ﬂ“’"’" son T Gappuecs Ws wdfon of wedy ‘as alhwoble

wyi ko,\m oy el ne tees e ot ) ) Heve be v shvesg 'n&-«..tuhm i‘ckr

ajher- 62.5¢3

 Reanmends delefion o e by quw becavte umm

\

3y
;
i
3
i
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T = {n the valve pit attached to
t the structure, a large diameter steel pipe
extended through a steel sleeve placed in the wall.
Because the sleeve was not cut flush with the wall,
clearance between the sleeve and the pipe was very
small.

hnm.lum_uman = Two of the service water
pipes penetrating the northwest wall of the service

water structure had settled differentially with
respect to the structure and were resting on slightly
squashed short pleces of 2 x 4 placed {n the bottom of
the penetration. From the (nclination of the pipe,
there 18 a suggestion that the portions of the pipe
further back in the wall opening (which was not
visible) were actually bearing on the invert of the
opening. The bottom surface of one of the steel pipes
had small surface irregularities around the edges of
the area in contact with the 2 x 4, Whether these
trregularities are normal manufacturing irregularities
or the result of concentration of load on this
temporary support caused by the settlement of the
fill, was not known.

These i(nstances are sufficlent to warvant an examination of those penetrations
where Catogory [ pilpe derives support from plant fill on one or both sides of
a penetration. In view of the above facts, the following itanformation is
cequired.

(1) What {s the minimum selsmic rattlespace required betwaen a
Category ! pipe and the sleeve through which Lt penetrates a wall?

(2) TIdentify all those locations where a Category [ pipe deriving
support from plant fill penetrates an exterior concrete wall, Determine and
report the vertical and horizontal rattlespace presently available and the
ainimum required at each location and describe remedial actions planned as a
rasult of conditions uncovered in the Lnspection. It (s anticipated that the
answer to Question (1) can be obtained without any significant additional
excavation. If this Ls not the case, the decislon regarding the necessity to
obtain Information at those locations requiring ma jor excavation should be
defacred until the data from the other locations have bean exanined.
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(e) Provide details (thickness, type of material etc.) of bedding or
cradle placed beneath safety related piping, conduits, and supporting
structures. Provide profiles along piping, and conduits alignments showing
the properties of all supporting materials to be adopted in the analysis of
plpe stresses caused by settlement.

(f) The two reinforced concrete return pipes which exit the Service
Water Pump Structure, run along either side of the emergency cooling water
reservoir, and ultimately enter into the reservoir, are necessary for safe
shutdown. These pipes are buried within or near the crest of Category I
slopes that form the sides of rhe emergency cooling water reservoir. There is
no report on, or analysis of, the seismic stability of post earthquake
residual displacement for these slopes. While the limited data from this area
do not raise the specter of any problem, for an important element of the plant
such as this, the earthquake stability should be examined by state-of-the-art
methods. Therefore, provide results of the seismic analysis of the slopes
leading to an estimate of the permanent deformation of the pipes. Please
provide the following: (1) a plan showing the pipe location with respect to
other nearby structures, slopes of the reservoir and the coordinate system;
(2) cross-sections showing the pipes, normal pool levels, slopes, subsurface
conditions as interpreted from borings and/or logs of excavations at (a) a
location parallel to and about 50 ft from the southeast outside wall of the
service water pipe structure and (b) a location where the cross section will
include both discharge structures. Actual boring logs should be shown on the
profiles; their offset from the profile noted, and soils should be described
using the nified Soil Classification System; (3) discussion of available
shear strength data and choice of strengths used in stability analysis; (4)
determination of static factor or safety, critical earthquake acceleration,
and location of critical circle; (5) calculation of residual movement by the
method presented by Newmark (1965) or Makdisi and Seed (1978); and (6) a
determination of whether or not the pipes can furcrion properly after such
movementi.

he Cooling Pond.

(1) Emergency Cooling Pond. In recognition that the type of
embankment fill and the compaction ccatrol used to construct the retention
dikes for the cooling pond were the same as for the problem plant f£ill, we
request reasonable assurance that the slopes of the Category I Emergency
Cooling Pond (baffle dike and main dike) are stable uader both static and
dynamic loadings. We request a revised stability analysis for review, which
will include identificaticn of locations analyzed, adopted foundation and
embankment conditions (stratification, seepage, et:.) and basis for selection,
adopted soil pruperties, method of stability analveis used and resulting
factor of safety with identification of sliding svrfaces analyzed. Please
address any potential impact on Category I pipes nzar the slopes, based on the
results of this stability study. Recommendations for location of new
exploration and testing have been provided in a separate letter,

10
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(2) Operating Cooling Pond. A high level of safety should be
required for the remaining slcpes of the Operating Cooling Pond unless it can
be assured that a failure will not: (a) endanger public health and
pruperties, (b) result in an assault on environment, (c) impair needed
emergency access. Recommendations for locations of new borings and laboratory
tests have been submitred in a separate letter. These recommendations were
made on the assumptions that the stability of the operating cooling pond dikes
should be demonstrated.Request submilbl of peRomerer readim (Jee FobR g, 2545 §25-A)

{. Site Dewatering Adequacy.

(1) In order to provide the necessary assurance of safety against
liquefaction, it is necessary to demonstrate that the water will not rise
above elevation 610 during normal operations or during a shutdown process.

The applicant has decided to accomplish this by pumping from wells at the
site. In the event of a failure, partial failure, or degradation of the
dewatering system (and its backup system) caused by the earthquake or aany
other event such as equipment breakdown, the water levels will begin to rise.
Depending on the answer to Question (a) below concerning the normal operating
water levels in the immediate vicinity of Category I structures and pipelines
founded on plant fill, different amounts of time are available to accomplish
repair or shutdown. In response to Question 24 (10 CFR 50.54f) the applicant
states "the operating groundwater level will be approximately el 595 ft”

(page 24-1). On page 24-1 the applicant also states "Therefore el 610' is to
be used in the designs of the.dewatering system as the maximum permissible
groundwater level elevation under SSE conditions.” On page 24-15 it is stated
that "The wells will fully penetrate the backfill sands and underlying natural
sands in this area.” The bottom of the natural sands is indicated to vary
from elevation 605 to 580 within the plant fill area according to Figure
24-12, The applicant should iiscuss and furnish response to the following
questions:

(a) 1s the normal operating dewatering plan to (1) pump such that the
vater level in the wells being pumped is held at or below elevation 595 or (2)
to pump as necessary to hold the water levels in all observation wells near
Category I Structures and Category I Pipelines supported on plant fill at orc
below elevation 595, (3) to pump as necessary to hold water levels in the
wells mentioned in (2) above at or below elevation 610, or (4) something else?
If it is something else, what is it?

(b) In the event the water levels in observation wells near Category
I Structures or Pipelines supported om plant fill exceed those for normal
sperating conditions as defined by your answeer to Question (a) what action
will be taken? In the event that the water level in any of these observation
wells exceeds elevation 610, what action will be taken?

11
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(c¢) Vhere will the observation wells in the plant fill area be

located that will be monitored during the plant lifetime? At what depths will
the screened intervals be? Will the combination of (1) screened interval in
cohesionless soil and (2) demonstration of timely response toO changes in

cooling pond level prior to drawdown be made a condition for selecting the
observation wells? Under what conditions will the alamm nentioned on page

24=-20 be triggered? 'hat will be the response to¢ the alarm? A worst case test ™\
of the completed permanent dewatering and groundwater level monitoring systems
could be conducted to deteraine whether or not the time required to accomplish
shutdown and cooling is available. This could be done by shutting off the

entire dewatering system when the cooling pond {s at elevation 627 and |
determining the water level versus time curve for each observation well. The
test should be continued until the water level under Category 1 structure, ‘
whose foundations are potentially liquefiable, reaches elevation 610 (the {
normal water level) or the sum of the time {atervals allotted for repair and \
the tice interval needed to accomplish shutdown (should the repair prove i
unsuccessful) has been exceeded, whichever occurs first. In view of the !
heterogeneity of the £111, the likely variation of its permeability and the NJ‘*‘ .#L
necessity of making several assumptions in the analysis which was presented in Ed*ﬂ.
the applicant's response to Question 24a, a full-scale test should give more

reliable information on the available time. In view of the above the

applicant should furnish his response to the following: '

If a dewatering systenm failure or degradation occurs, in order to
assure that the plaat is shutdown by the time water level reaches elevation {
610, it is necessary to initiate shutdown earlier. In the event of a failure
of the dewatering system, what is the water level or condition at which /
shutdown will be {aitiated? How is that condition determined? An acceptable
aethod would be a full-scale worst-case test performed by shutting off the
entire dewatering system with the cooling pond 2t elevation 627 to deternine,
at each Category I Structure deriving support from plant f£ill, the water level
at which a sufficient time window still remains to accomplish shutdown before
the water rises to elevation 6§10. In establishing the groundwater level or
condition that will trigger shutdown, it is necessary to account for normal
surface water inflow as well as groundwater recharge and to assume that any
additional action taken to repair the dewatering system, beyond the point in
time when the trigger condition ie first reached, is unsuccessful.

(2) As per applicant response to NRC Question 24 (10 CFR 50.54f) the
design of the permanent dewatering systea is based upon two major findings:
(1) the granular backfill materials are in hydraulic connection with an
underlying discontinuous body of natural sand, and (2) seepage from the
cooling pond is restricted to the intake and pump structure area, since the
plant £ill south of Diesel Generator Building is an ef fective barrier to the
inflow of the cooling pond water. However, soil profiles (Figure 24-2 in the
"Response to NRC Requests Regarding Plant Fil11"), pumping test t ine-drawdown
graphs (Figure 24-14), and plotted cones of influence (Figure 24~15) indicate
that south of Diesel Generator Building, the plant £i11 material adjdcent to

12
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the cooling pond is not an effective barrier to inflow of cooling pound water.
The estimated permeability for the fill material as reported by the applicant
is 8 feet/day and the transmissivities range from 29 to 102 square feet/day.
Evaluate and furnish for review the recharge rate of seepage through the fill
materials from the south side of the Diesel Generator Building on the
permanent dewatering systems This evaluation should especially consider the
recovery data from PD-3 and complete data from PD-5.

(3) The interceptor wells have been positioned along the northern
side of the Water Intake Structure and service water pump structures. The
calculations estimating the total groundwater inflow iudicate the structures
serve as a positive cutoff. However, tha lsopachs of the sand (Figures 24-9
and 24-10) ‘ndicace 5 co 10 feet of remaining natural sands below these
structures. The soil profile (Figure 24-2) neither agrees nor disagrees with
the isopachs. The calculations for tctal flow, which assumed positive cutoff,
reduced the length of the line source of inflow by 2/3. The calculations for
the spacing and positioning of wells assumed this reduced total flow is
applied along the entire length of the structures. Clarify the existence of
seepage below the structures, present supporting data and calculations, and
reposition wells accordingly. Include the supporting data such as drawdown at
the interceptor wells, at midway location between any two consecutive wells,
and the increase in the water elevations downstream of the interceptor wells.
The presence of structures near the cooling pond appears to have created a
situation of artesian flow through the sand layer. Discuss why artesian flow
was not considered in the design of the dewatering system.

(4) Provide coastruction plans and specification of permanent
dewatering system (location, depths, size and capacity of wells, filterpack
design) including required monitoring program. The information furnished in
response of NRC Question 24 (10 CFR 50.54f) is not adequate to evaluate the
adequacy of the system.

(5) Discuss the ramifications of plugging or leaving open the weep
holes in the retaining wall at the Service Water Building.

(6) Discuss in detail the maintenance plan for the dewateriug system.

(7) What are your plans for monitoring water table in the control
tower area of the Auxiliary Building?

(8) What measures will be raquired to prevent incrustation of the
pipings of the dewatering system. Identify the controls to be required during
plant operation (measure of dissolved solids, chemical controls). Provide
basis for established criteria in view of the results shown on Table 1, page
23 of tab 147.

13
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(9) ﬁpog;iéghhin;_g_;;ggdy state in dewate;zaa,ha groundwater surve
“to confirm the position of the watur table and to insure that
no perched water tables exist.

Dewatering of the site should be scheduled with a sufficient lead time
before plant start up so that the additional settlement and its effects

{especially on piping) can be studied, Settlement sh uld be closely mon t%ﬁ:d
d. si.o..ul v here OF w» v, letter
during this perio C“’L"‘ Con SOE Y m'"‘ C:mr e W L,
j. Liquefaction Potential. _‘H"!. &\na \’ \\rhoa_ ‘le seaim\( mw}' -
"'\LL dL oL T

An independent Seed-ldriss Simplified Analysis was rformed for the
£411 area under the assumption that the groundwater table was at or below
elevation 610. For 0.19 g peak ground surface accceleration, it was found
that blow counts as follows were required for a factor of safety of 1.5:

Elevation Minimum SPT Blow Counc*l
ft For F.Se = 1.5
610 14
605 16
600 17
595 19

The analysis was considered conservative for the following reasons (a) no
account was taken of the weight of any structure, (b) llquefaction criteria
for a magnitude 6 earthquake were used whereas an NRC memorandum of 17 Mar 80
considered nothing larger than 5.5 for an earthquake with the peak
acceleration level of 0.19 g's, (¢) unit weights were varied over a range
broad enough to cover any uncertainty and the tabulation above is based on the
most conservative set of assumptions. Out of over 250 standard penetration
tests on cohesionless plant £1{11 or natural foundation material below
elevation 610, the criteria given above are not satisfied ia four tests ia
natural materials located below the plant fill and in 23 tasts located in the
nlant £ill. These tests involve the fcllowing borings:

sw3, Sw2, DG-18, AX 13, AX &4, AX 15, AX 7, X 5, aX 11,
¢ 19, DG 13, DG 7, DG 5, D 21, GT 1, 2.

Some of the tests on natural material were conducted at depths of at less than
10 ft before approximately 35 ft of £i11 was placed over the location. Prior
to comparison with the criteria these tests should be multiplied by a factor
of about 2.3 to account for the increase {n effective overburden pressure that
results from the placement and future dewatering of the fill.

lxFor i1 = 7.5, blow counts would increase by 30%.

14
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Of the 23 tests on plant fill which fail to satisfy the criteria, most are
near or under structures where remedial measures alleviating necessity for
support from the fill are planned. Only 4 of the tests are under the Diesel
Generator Building (which will still derive its support from the f111) and 3
others are near it. Because these locations where low blow counts were
recorded are well separated from one another and are not one continucus
stratum but are localized pockets of loose material, no failure mechanisa is
present.

In view of the large number of borings in the plant fill area and the
conservatism adopted in analysis, these few isolated pockets are no threat to
plant safety. The fill area is safe against liquefaction in a Magnitude 6.0
earthquake or smaller which produces a peak ground surface acceleration of
0.19 g or less provided the groundwater elevation in the fill is kept at or
below elevation 610.

k. Seismic analysis of structures om plant fill material.

(1) Category I Structures. From Section 3.7.2.4 of the FSAR it can
be calculated that an average V‘ of about 1350 ft/sec was used in the
original dynamic soil structure {nteraction analysis of the Category I
structures. This is confirmed by one of the viewgraphs used in the 28
February Bechtel preseatatioun. Plant £111 ¥4 1s clearly much lower than
this value. It is understood from the response to Question 13 (10 CFR 50.54f)
concerning plant fill that the analysis of several Category I structures are
underway using a lower bound average Vg = 500 ft/sec for sections supported
on plant fill and that floor response spectra and design forces will be taken
as the most severe of those from the new aad old analysis. The questions
whizh follow are intended to make certain if this is the case and gain an
understanding of rhe impact of this parametric variation in foundation
conditions.

(a) Di:ccuss which Category I structures have and/or will be
reanalyzed for changes in seismic soil structure interaction due to the change
in plant fill stiffness from that envisioned in the original design. Have any
Category I structures deriving support from plant fill been excluded from
reanalysis? On what basis?

(b) Tabulate for each old analysis and each reanalysis, the
foundation parameters (v,,V and¢ ) used and the equivalent spring and
damping constants derivea therefrom so the reviewer can gain an appreciation
of the extent of parametric variation performed.

(¢) Is it the intent to analyze the adequacy of the structures and
their contents based upon the envelope of the results of the old and new
analyses? For each structure analyzed, please show on the same plot the old,
new, and revised enveloping floor response spectra so the effect of the

15
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changed backfill on interior response spectra predicted by the various models
can be readily seen.

(2) Category I retaining wall near the southeast corner of the
Service Water Structure. This wall is experiencing some differential
settlement. Boring information in Figure 24-2 (Question 24, Volume 1
Responses to NRC Requests Regarding Plant Fill) suggests the wall is founded
on natural soils and backfilled with plant fill on the land side. Please
furnish details clarifying the following:

(a) Is there any plant fill underneath the wall? What additional
data beyond that shown in Figure 24-2 support your answer?

(b) Have or should the design seismic ioads (FSAR Figure 2.5-45) be
changed as a result of the changed backfill conditions?

(¢) Have or should dynamic water loadings in the reservoir be
considered in the seismic design of this wall? Please explain the basis of
your answer.

S. In your response for the comments and questions in paragraph 4 above, if
you feel that sufficiently detailed information already exists on the Midland
docket that may have been overlooked, please make reference to that
information. Resolution of issues and concerns will depend on the expeditious
receipt of data mentioned above. Contact Mr. Neal Gehring at FTS 226-6793
regarding questions.

§OB 74X CDISI2ICT 2NQIA=E=33

P. McCALLISTER
Chief, Engineering Division

i6
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Mr. Ceorge Lear

U.S. Nuclear Regulatory Commission
Division of Engineering

Mail Stop P-214

Washington, DC 20555

Dear Mr. Lear:
The inclosure containing review comments prepared by the Detroit District
regarding Amendment 85 on the Midland Nuclear Generating Plant in partial

completion of Interagency Agreement No. NRC-03-79-167 is hereby transmitted

to you.
Sincerely,
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Unit 1 and 2, Subtask No. 3 - Review Comments on Amendment 85

THRU: Division Engineer, North Central
ATIN: NCDED-G (James Simpson)

TO: Mr. George Lear
U.S. Nuclear Regulatory Commission
Chief, Hydrolugic & Geotechnicz2l Engr. Br.
Division of Engineering
Mail Stop P-214
Washington, DC 20555

l. The Detroit District has reviewed the information received from the
applicant through Amendment 85 to the operating license request, Revision 10
to the 10 CFR 50.54(f) requests. The information received addresses all the
questions (Questiocn 39 thru 48) raised by the Corps of Engineers in their
letter report which was forwarded to the Nuclear Regulatory Commission on 7
July 1980, which subsequently was transmitted to the applicant on 4 August
1980 for his response.

2. The review romments are inclosed. The purpose of these review comments is
to identify the discrepancies noted in the applicant$ response and apprise the
NRC of the Corps of Engineers views as to the safety of the foundations of the
structures deriving support from fill as well as from natural soil.

3. A listing of the specific discrepancies noticed during the review are as
follows:

a. The shear strength parameters used in the analyses are not the
representative parameters for the soils for which the analyses have been
performed. The bearing capacity of the foundation soils for the Borated Water
Tanks and the Diesel Generator Building appears to have been done on the basis
of the shear strength parameters obtained from the test results on the soil
samples which do not cepresent the soil conditions prevailing beneath these
structures.

b. The evaluation of the settlements for the Borated Water Tanks, Diesel
Generator Building, Service Water Structure and the Reactor Buildings have

\__ |ndicates 153ves mpdcd by cutrent \um‘ Cterhng program

ARTOS0CO ¢ ., loga.
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been bocd on either assumed valuoo of the Young's modulus or on
conprellibility coefficients obtained from the questionable preload test.

¢ In most of the tnucn of the settlement evaluations, only the immediate
settlements have been considered. The consolidation and the secondary
settlements have not been conoidcrod. (Reactor Buildings, Service Water
Building Foundationm, etc.) .

4. A listing of the specific discrepancies in the applicants response to
Question 39 through 48 are given.

Question 39 - Reactor Building Foundation

(1) Settlement/Consolidation. The applicant's respouse to Question
39(1) indicates that the settlements due to the dewatering have been computed
on the basis of the Young's Modulus of the soil determined from the
load-settlement relations between May 17, 1977 and March 11, 1978. The
determination of the Young's Modulus u.in; load-settlement requires use of
the soil's poisson ratio and the influence factor of the footing. Further,
the settlement that occurred immediately after the application of the load
should be known and be used. The applicant has not explained how these
parameters were determined. The Young's Moduli determined by the procedure
shown on page 39-8, should have besn used to determine the settlements due to
the dewatcring instead of using constrained modulus used by the applicant.
The Young's Modulus obtained by backfiguring is based on the appropriate
confining pressure and as such is appropriate for computing the setilements
caused by dewatering load. The consolidation and the secondary settlements
have not been added to the total settlement. The applicant should address the
primary corsolidation settlements and the time for them to occur due to the
load caused by the dewatering. Presently, we are not certain whether the
information provided in FSAR is enough to evaluate the time-settlement
relation or additional coneolidation tests will b= required. Identify the
consolidation test results being used in the determination of the primary
consolidation settlements. The applicant should also address the secondary
consolidation settlements due to the dewatering load, even though such
settlements appear to be negligible due to the high overcomsclidation ratio of
the glacial till over which the Reactor Buildings are founded.

The applicant should update the observed settlements and loading records as
promised in response to Question 362.9 and compare the observed settlements

with predicted settlements. He should also develop a technical specification

for monitering settlements, which should establish tolerable, total and
differential settlement limits during the plant operatlon.(_Gwv. &n§ 'i& quﬂuj)

'* \Nant o QVQ‘W*( Qn dw_ *Q'h M"”"S Q’“"\ Rmmen‘f & lead hiiiar )
Los* ecords ovndec\oh f W,1980 rmdm,s 190 whidh was beqace rny,

\nvo\m\ FSM F\ciules - 7. 5-8% C\-\Nh 2.5- 0( j\, c2.5-9
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(2) Bearing Capacity. The shear strength values used in the analysis
of the bearing capacity of the soil under the Reactor Buildings were taken
from the weighted average of the undrained shear strength of the soil samples
obtained mostly from the cooling pond dikes area. A review of Table 2.5-6,
(FSAR Volume 3) and the borings by the Michigan Drilling Company 1nd1catesthnf
of all the samples tested for undrained shear strength, only one was taken
from the area of the Reactor Buildings. Therefore, the shear strength used
for the bearing capacity analysis is not representative of the soils on which
the Reactor Building is founded. The drained shear strength parameters
(P = 32°, C = 590 PSF) used in design of bearing capacity under static
loads, also appear to be based on the average of the shear tests on the
samples obtained from the entire plant area. In view of these facts, the
response of the applicant is not satisfactory. The applicant must evaluate
the shear strength parameters from the soil samples obtained from the soil
mass below or near the Reactor Building foundation. The information obtained
from the Dames & Moore boring Nos. 1, 2, 3, 4 and 15 might be used to
determine shear strength parameters for the bearing capacity analyses of the
Reactor Buildings. Limited information available from the tests performed on
the samples obtained from these borings are presented in FSAR Volume 4. The
applicant might choose to use this information provided he can demonstrate
that the test results available are within the depth of influence for
estimating bearing capacity.

Question 40 - D&%o:é*conuator Buil . heme, fecords of Monyme, it o wew ehlecT
ttlieme

( W o 3emerafors,

(1) “Se t Conso"idation. (a)Y The applicant has not furnished
the requested information pertaining to the settlements of the Diesel
Gecerator Building. The settlements computed on the basis of the
compressibility parameters obtained frowm the preload test are questionable
because of these reasons:

(1) There i questionable evidence to confirm that preload was
held long anough to eliminate 100X of the primary consolfdation.

(11) Because of the flexibility of the footings, the surcharge
loads were not evenly distributed. The foundation soils with relatively more
compressible fill (southeast corner) have been subjected to a load intensity
less than that of the surcharge, therefore, the applicant's statement that,
"the stresses prevailing during surcharging at all depths in the fill beneath
the building exceeded those that will prevail while the structure is
operational,”™ is questionable.

\s Has an fe
gt 4 3 o a ror"n

ablem w/resronse
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(141) The sudden drop in the piezometer levels after removal ‘of tho
surcharge is due to negative pore pressures as the soil tries to swell. This
is a normal reaction. After swell is complete, the piezometer readings should .
return to the normal water level in the ground. However, in this sf{tuationm,
they generally returmsito some value greater than the ground water level which
could indicate the presence of excess pore pressures. ‘

~ The raise in piezometer levels to a height greater than groundwater
levels after the dissipation of negative pore pressures are indicative that
excess pore pressures were not conphtoly diuipated at the t:.u of surcharge
removal. See pilezometer 12, & 40 and
Chack W OB -Shatementon se'o-on;' J-e by nd-mc . gg ‘B" ”"‘“‘""" -
(2) Bearing Capacity. The bearing capacity amlyu- or t

Generator Building furnished by the applicant are based on the shear strength
parameters (@,C), which are not representative of the soil fill beneath the
Diesel Generator Building. The numerical values of the angle of internal
friction, P, and the cohesion, C, were determined on the basis of the
results of consolidated undrained tests on five samples taken from the areas
of the Tank Farm (Series T borings) and the Transforuwers (Series TR borings).
A review of the boring logs indicates that all of the five samples were
obtained from the zones of stiff to hard clay (blowcounts varies from 12 to
19), with dry densities ranging from 114.4 pcf to 117.9 pcf, liquid limits
ranging from 20X to 35X and plasticity index ranging fr 9 o 20. Three of
thc %%{ 9-8, T16-5, TR2-2) had b“n aqiﬁ'b to the

‘oﬁ‘ Mi( ‘N \vnn‘B vo 5“09» »S J

“overc ratio ranging from l.1 to 2.2 prior to testing, which
stiffened the samples and changed their h characteristics in
Seche 553 comparisop to those which werd not v e 5?. ‘\?&«5 The basis for doing such I;
el ﬂ"““ (Uvieo test should be given. '!'hu-. “{t 1s evideat that samples used ¥
RGP  to determine shear strength parameters are not represen:ative and as such, the o4 ‘E'
p--c.."o information obtained by these tests indicate a soil type which does not exist ~ -
in the ¢ffective Diesel Generator Building area. The soil types beneath the T f'z
Diesel Generator Building range from layers of soft to hard clay as well as g e
loose to verr dense sand. An attempt to determine shear strength parameters ,:‘ 0
by mixing the soll samples from layers of various soil types would result in - ;
misleading information as to strength. Selection of samples for testing as - &
requested in 30 June 1980 letter irom A. Schwencer to J, W. Cook, should 'N'é_,
follow the guidance in Regulartory fuide 1.138 paragraph:"l. 5.8, and cover not VS
only the typical foundation condition, but also the extreme and critical 5
zones. The resulting shear strength test results obtained should then be e
considered in evaluation of the bearing capacity for the foundation soil N n
beneath the Diesel Generator Building. 5 ¢
w
(3) Preload Effectiveness. As discussed in our review comments on §
the applicant's response of Question 40-1, the preload program may have not A
been effective in eliminating 100X of the primary consolidation, under the >

surcharge load of 2.2 KSF. We are not in agreement with the applicant's
statement that the preload program carried out at the Diesel Generator
Building has demonstrated to have been successfully completed. The
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compressibility parameters cobtained from the preload test are questionable
and, therefore, future settlement predictions of the Diesel Generator Building

based on these parameters should be verified with the results from the .
requestad laboratory consolidation tests. Validity of Figure 27-9 (Revision
6), in which the comparison of measured and predicted settlments is made, is
questionable due to the reasons given in our review comments on the response
of Question 40-1. Raising of the cooling pond's water level to elevation 627
at the beginning of April 1979, did not saturate the soil up to elevation 625
beneath the Diesel Generator Building during the surcharge, as :tntcd by the
applicant. The drops in the piezcmeter levels to elevation 622— on

removal of surcharge indicates the water table to be at elevation 622—,
resulting in considerable capillary action in the fill material below the
footing (el = 628). The effect of such capillary action-'is to resist
settlement. A rise in moisture, causing saturatiom, such as cut-off water
during rain, would decrease capillary action causing more settlement. In
addition, it has not been established whether the clay fill was installed wet
or dry of optimum moisture. If placed the dry side of optimum, the preload, -
even with the rise of the watertable, may not have comsclidated the clay 3:
sufficiently to preclude further settlement. -

3
°
3

Sies
0
4 som puad
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(4) Miscellaneous. The contour map (Figure 40-9) furnished by the
applicant in response to Question 40-4, clearly shows warping of both the

5' A
ct!\pl\ﬂ‘

north and the south walls indicating curvatures created by bending moments. "8 - 3
This warping would continue to grow with time, because of the future g %,4 =%
settlements of the east and the west ends about a rigid pivot in the center 3 3 < 5 -
provided by the condensate pipe which has been reconnected after the removal L‘.'%_,.g_‘, 8
of the surcharge loszd. An ana.ysis of stresses induced by the warping should§ ;§ 5'%'
be performed taking into account the differential settlement over the life B’o =3 a3
span of the plant (40 years). The applicant should refer to the answers for .9$ * &.V‘
Interrogatory 8 (Nuclear Regulatory Commission staff answer to interrogatory i?f- € .’6
filed by the applicant, 25 February 1981) for the comments on the analyvses T:? &«é,
which are nerde? to evaluate effects of structural cracks. "5,3 p

ufy
%
.‘.
-w.

Question 41 - Service Water Building Foupdation.
Must evalvaie new projesal by ChCa iﬂLﬁn on- “‘dm?‘m""' ?
g 1) T O a ."m .
(1) Bearing Capacity. The use of 'dratfe nﬁar strength parame cn‘fs
to analyze the ultimate bearing capacity of the proposed piles is not £
Justified. The ultimate pile load capacity from the load test would simulate 3_:3

an undrained condition, (even a long duration pile load test would not crc.tb‘.g‘
a drained condition at the tip of the pile in this case); a static pile load § ¢

\
.

A A

fioy s8una
wi

24 HHY

dofm (29425

sow

- e
analysis should be performed using undrained parameters. The shear strength 3;3: '3
parameters used in determination of the side frictions (F) Fp F3) and §c “=32
point resistance (F,) are not the representative values for the soil ;0-,,;' -~ S
condition prevailing at the locations where the piles will be driven. The : 3_‘03 §
same values of @ and C are used for sand as well as clay (see sheet 2 of =352 '5.6
Attachment 41-1). The applicant has used shear parameters for a soil type ;’f: é.._.‘,
cis3ed
F=337:
: L
;—? & =+3 4
. 8 8.*\ 2 z
3061dY
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which he has created by mixing the test results of samples of Series T, TR and

CT. In Attachement 41-1, the depth of fill considered in evaluating F; and
Fy is 27,5 feet, but the actual depth of the fill reported in Borings Logs

1 thﬁi.h CH-6A (Volume 9 of the applicant's response to 10 CFR 50.54(f)
Questions) indicates approximately 45' of fill material in the area where the
underpinning piles will be driven. The computations of the ultimate pile
capacity should be revised using 38.5' (45'-6.5') of fill instead of 27.5'
used previously. The ultimate pile load capacity from the load test, Ry,
shown to be 280 tons on page 41-3 should be revised considering the increased
negative skin friction due to the increase in the fill material. Further, it
appears that the determination of at 280 tons (page 41-1) has been
computed by multiplying the design load (100 tons = normal dead plus live
loads on each pile) of the piles with a factor of safety of 2.5 and then
adding to this value the negative skin friction of 30 tons (computed in
Attachment 41-1), However, in our opinion the above approach of evaluating
the ultimate pile load capacity from the load test is not correct. The factor
of safety of 2.5 must be applied to the external load of 100 tons on the pile
top plus the computed skin friction and the product then be added to the skin
friction again [2.5 (100 tons + NSF) + NSF].

(2) Settlements.

(a) Paragraph 1 of the applicant's response to Question 41, Part
2a indicates thatuvertical load on piles was calculated based on an
appropriate spring stiffness of the underpinning piles and the subgrade
modulus of the mat foundation resting on natural soil. However, in our
opinion, the stiffaess of the cantilevered portion of the Service Water
Structure will be a factor in computing the underpinning pile load. Provide
total computed pile loads due to dead and live loads as well as total vertical
and horizontal loads due to sefsmic actions, along with the detailed analysis
for the spring stiffnesses of the underpinning piles. The settlement values
provided by the applicant indicates a time dependent settlement of 0.1 inch
for the portion of the Service Water Structure founded on glacial till and
0.05 inch for the portion to be supported on underpinning piles. The analyses
for these settlements have many questionable assumptions and rationalizations
such as:

(1) Application of pile loads over an area of 15' x 3.5' (sheet 5
of 6 Attachment 41-2) at the tip elevation is not appropriate, according to
Bjerrum et al (1957), cuch a simplified method underestimates the
settlements.

(11) It is not known whether the soil moduli used in the analyses

are for drained or undrained conditions. For a long term settlement, soil
modulus for drained condition should be used. .
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’ b (111) The simplified approach used by the applicant is used in
Deszqn . conjunetion with one dimensional consolidation theory.
M e |
WN (tv) Secondary settlement hu not been considered in evaluation of
n.\'.m' | long term settlement.
2310111 (v) The ‘ppiteiqt'. planning to jack the underpinning piles after
the dewatering settlement takes place is not realistic. Dewatering settlement

{ 18 a time-dependent settlement and it might take many years to complete. The
dountorin; settlement of the area under the pile tip is estimated to be 0.48

' inch (sheet 2 of 6 Attachment 41-2, Line 2), but it is not known what
co-prcooibllity parameters were naad to compute this settlement. In view of
ithc.c facts, the differential settlement problem still remains unresolved.

The approach outlined for computing settlement of pile group in Pile
 Foundation Analysis and Design, Paulos and Davis, John Wiley and SOnl\-lqy be
'uocd.

i Refer +o 1. #-0 o haend 85

(b) The analyses indicating a factor of safety of 2.2 against

failure for the slope behind the retaining wall near the Circulating Water
Intake Structure is based on soil parameters that may not be applicable to the
type of fill material behind the wall., The applicant should base the analyses
on the representative shear strength parameters from the test results on
samples taken near the retaining walls. A thirty feet (30') distance between
the top edge of the failure plane and the nearest safety related Diesel Fuel
Storage Tanks shown in Figure 41-4 does not appear adequate. Provide, (1) the
groundwater condition considered in the analysis, (2) loading conditions (e.g.
earthquake, seepage, drawdown, etc.) considered in the slope analysis which
resulted in tke safety factor of 2.2, (3) the identifications of boring logs,
soll samples and the laboratory test results which are the basis for the
allowable shear strength parameters provided on page 41-6.

- -
.

(3) Seismic Analysis.

(a) and (b). The analyses furnished and the additional work the
applicant has committed to perform would insure the seismic safety of the
foundations, provided the reprccentltiv. soil parameters have been used in the

analyses. \ "SOF._‘b s{wd H;*‘ e Yepresenialiye Whars

O ey
Question 42 - Auxiliary Buildi !lccttical Penetration Areas and Feed;ior
Isolation Valve Pits. “Pg u“ut( thché Sytncev -‘A*.ﬂ ?l&%ﬁtha\

(1) Settlement. The applicant's response thac "Settlement of the
Feedwater Isolation Valve Pit (FIVP) and the caisson of the Electrical

fli‘, Penetration Area (EPA) will be identical” is not correct. The caissons of the
EPA and the concrete fill of the FIVP would not act monolithically. The

continuity of the top few feet of the FIVP concrete fill around the casings of

s
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the caissons in the EPA would not establish adequate structural bond between

& concrete fill and the caissonms. In the gase it happens, the poor soil fill
around the caissons below the concrete f:11 is still compressible and the
problem still remains unsolved.

(2) (a) Temporary Dewatering System - The Corps is in agreement with
the applicant's response.

(b) Figure 42-68 shows the location of the access shaft.
However, the location and the dimensions of the drift are aot shown. The
technical specifications for the work provided in Attachment ‘W
specify anything about the drifts. Item 3b of Attachment 42-2 tndicates that
the caissons will be extended at leaat 4' into the till; with this constraint
the caissons' tip might end up with different elevations because of the
sloping natural till surface caused by the foundation excavation of the
containment buildings. In the design of the bearing capacity of the soils
under the caissons tip, the effect of this factor has not been consideral.
Item 3d, states that the caissons should have a vertical resistance capacity
sufficient to produce a static moment of at least 325,000 foot~kips at column
rows 5.3 and 7.8. The meaning of this statement is not clear. Item 4 of
ﬂ Attachment 42-2 provides a very brief outline of caisson load testing. But it

g

wo Wb B
aAAs v vy

i{s not clear what remedial measures will be taken if a completed caisson fails
to meet the load test. A caisson filled with concrete cannot be drivenm
further. An empty shell test (EST) by loading to !.0 times the design load
prior to placing concrete appears unrealistic, because with only 4'
penetration in glacial till it is not possible to obtain frictional resistance
adequate to perform load test with 1.0 times the design load (frictional
resistance of fill should be neglected for load test). In item 5.2.le, the
applicant proposes to complete, test and wedge each caisson tight to the
structure under a load equal to 1.5 times the design load, on a one by one
basis. This procedure does not appear feasible; a previously wedged caisson
under the bottoa of the structure might be released when jacking for next
caisson is applied under the structure.

_uaau.)u‘o “ QJ3As s" -y -84

(¢) Temporary Surface Support - The response of the applicant for
temporary support system for the valve pit is vague. Additional design
nformation should be provided to assess the stresses on members required for

temporary support.

/ (d) The applicant's response indicates that the caissons

. capacities have been determined on the basis of the shear strength parameters,
determined from the soil samples obtained from other areas. On sheet 3 of 6
Attachment 42-3, in the equation for ultimate bearing capacity, Q¢, the last
term accounts for the contribution due to adhesion between the cailnon surface
and the soil. The cohesion value 6 K.S.I. used in this term must be

| ALY 8
\ﬁ42-2 ST, 4248 Now wilt cassans be ferminated v concricte \nt.!‘-\l\ e Wil 'JOYM
cso-ac.i I\ be excawied ¥ o vaa. of 4' i Yaciol hi requived ;0 3
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multiplied by a reduction factor,, , to obtain the adhesion. For stiff clay
as encountered at the tip of the caissone, using the full value of the
cohesion as adhesion is not justified. Also, in computing load at’the base of .
each caisson, the concrete fill and the soil between the caissons should be
considered. This will have un effect of reducing the factor of safety. In
case of an earthquake, an undrained condition would prevail in the soil around
the caissons, therefore, an analysis for the caissons' group capacity and
factor of safety based on an undrained condition are required. The applicant
has not performed amalysis for the caissons group capacity, considering the ¢ Fhe LLZ DL

b SSE earthquake. It is our understanding that the 4,000 KIps, which tgo o o

se caissons have to transmit tc the glacial till, do not include dynamic load due

to a potential earthquake.

(e) Settlement of Auxiliary Building due to change in water lavel
during dewatering. See review comment of 42(1).

(f) The applicant's response is acceptable.
(g) The applicant's response is acceptable.
Questions 43 - Borated Water Tanks.

(1) Settlement. Since the soils beneath the tanks consists of not

only granular type but also clay, the major part of the settlement will be .
consolidation settlement and secondary settlemeat. Consolidation and
secondary settlements are time-dependent and mignt continue for the full
operation life of the tanks. Therefore, settlement measured from full scale
lced test, as proposed by the applicant would not provide the accurate
settlemenct. To accelerate the gettlements, the tank must be surcharged with a
load considerably more than the load which it has been designed to carry.
However, because of the tanks fixed volumetric capacity, the surcharge load
cannot be in:reised in excess of {ts design load. Blowcount plote shown in v
Figures 31-3 and 31-4 show varistions in blowcounts from a minimum of 6 to a
maximum of 43 in the area of the East Borated Water Tank, and from a minimum
of 4 to a maximum 57 in the area of the West Borated Water Tank, indicating
that soil layers of variable density and consistency exist under the tanks.
Therefore, the information obtained from plate load tests cannot be used to
determine the settlements. The application of the theory of elasticity
requires soil moduli for drained and undrained conditions to determine time
dependent and immwediate settlements. It is not known what values the
applicant has used to determine the differential gettlements. To review the
differential settlements, the numerical values of”Young's modulus of the coils
and the methods used to determine them are required. Secondary settlemeuts

ﬂ also need to be evaluated tc determine the structural adequacy of the tank
bottmo

E when we have Yhe Youngs moddvs wil we be satel ed withedt conselidation Tests
“:::*':‘\q \:K‘V\nan.‘ Q:Oﬂd!n‘ wn:k&t:j\?hm \ﬂ'\f%ﬁb"‘: "3?
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(b) The differential settlement of(i-llzéi using elastic plate
theory, appears to be computed on assumed valie of soil moduli; therefore, it
does ‘not present the potential differential settlement. The soil modul
ranging from 260 kips per cubic foot to 490 kips per cubic foot used to
determine differential settlements for the ring walls are not realistic for
the soil conditions prevailing under the tanks. The above values of soil
moduli are applicable to soils with consistencies ranging from very stiff to
very hard. Under the Borated Water Tanks, the soil consistenc from '
soft to very stiff. Provide actual settlement rocordi'3T—EE;—%:::itﬁzﬁ:;;;-""""j
Tanks, and indicate the effect the settlement has on the piping between the
tanks and the Auxiliary Building. The records should include the loading
history.
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(2) Bearing Capacity. The shear strengths used in the analysis of
the bearing capacity of the soils under the Borated Water Tanks are not
aporopriate to the soils conditions prevailing under the tanks. Figure 35-3,
used to obtain the undrained shear strength, was constructed from the rcoulto
obtained from the tests on the soil samples taken from the various locations
of the plant area. These samples had densities ranging from 114.6 pef to
131.3 pcf, water content 9.3% to 16.2%, and liquid limits ranging from 182 to
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35X. Thus, the samples were not identical, and therefore, shear strengths 3 %*
obtained from Figure 35-3 are misleading. It is advisable to compute the _‘,’: a

bearing capacity of the soils using the soil parameters of the soil beneath
the tanks. Attachment 43-1 ghows the bearing capacity analyses. On sheet 2
of Attachment 43-1, there appears to be some computational error in evaluati
effective confining pressure. The v (617) should be the average of
pressure at elevation 600 (bottom of fill) and elevation 635 (top of fill).
Also, the numerical value of 0.55 for the coefficient of lateral pressure at ¢
rest, K,, is for over consolidation ratio (OCR) 2 which should not be used
for fill material. A OCR of 1 is appropriate for the fill material, the K,
for this OCR is 0.49, The applicant should perform analysis for the factor of
safety using the results) from the shear testing of the soil samples taken near
the Borated Water Tnnk-‘n(::‘fnd within the depth zonn influenced by the
bearing capacity analysis. do g\ > reguee nn 5 T

Q ovaied !!nt. W Qx\s ) resgh ove "‘“\""
Question 44 - Underground Diesel Fuel Thnk Foundation Design
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(1) Bearing Capacity. The applicant's response is acceptable.

(2) Settlement. Although the soil under the Diesel Generator
Building and under the Diesel Fuel Storage Tanks are of the same
classifications, their strengths, compressibilities and the permeabilities are
not necessarily the same in numerical values. The use of classificaticns to
evaluate the fundamental properties (shear strengths, compressibilities, and
permeabilities) is not a sound engineering practice, particularly for the use
in design of a Category I Structure of a nuclear power plant. The settlement

10
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evaluation of the Diesel Fuel Storage Tanks performed by the applicant by
comparing the soil classifications under the Diesel Fuel Storage Tanks with
those under the Diesel Generitor Building are uot acceptable. 1In addition,
boring log DF-5 (Figure 33-1) indicates a layer of loose sand below the pads,
which is susceptible to densification resulting in some settlement under a

dynamic load. erefore ttlements dug to dynamic 1 should be estimated.
?_No"cov:u Y W.\oqﬁ cs#\wttosa

(3) Uplift Pressure on Tanks. The applicant has not performed any
analyses to demonstrate the effect of uplift pressure on the stability of the
tanks. The stability of the tanks in uplift cannot be assured unless the
applicant can demonstrate, by analysis, that an acceptable factor of safety
against uplift of the tanks does exist. The applicant is requested to provide \3
‘the results of the analysis for uplift ruhtanco.t\;w L= *ﬁ:ﬂv I (ey m‘zv
O SSummry Yy Syt
Question 45 - Underground Utilities

(1) (a) Settlement - From the applicant's reponse it appears that it
has no plan to perform inspection of the interior of the water circulating
pipings for cracks and openings after the removal of the surcharge load as
requested in part (1)(a) of Questions 45. 'The applicant has made reference to
the measurements of the deformaticns during surcharge for line 96-2YBJ-4,
which was reported in response to Questions 19, 10 CFR 50-54(f). However,
has made no attempt to compute the pipe stressed from “he measured
deformations, and as such the measured deformations do not provide any
information regarding the adequacy of the pipe. In absence of the request
information, it is not possible to check the adequacy of the pipings which
were affected by the surcharging of th. Diesel Generator Building.

W
(b) Duct Banks - The applicant's response to Question 7, 10 CFR o et
50.54(f), indicates that reinforcing bars in the duct banks had exceeded the| owritwss +
yield strain under the building load which the duct banks carried prior to mes \4.

their isolati-n from the walls of the Diesel Generator Building. This implie
that permanent deformations have occurred in the reinforcing bars and cracks
wider than normally permitted in reinforced concrete structures have already
seb developed in the duct banks. In response to Question 30, 10 CFR 50.54(f), the
applicant has provided the results of ite seismic analyses for the duct banks,
but it is not known whether or not it has taken into account the effects of
permanent etrains in the reinforcing bars created by the previous load. This
aspect should be further reviewed the appropriate engineering section of
the Nuclear Regulatory Commission. b&;‘:’j‘"“ b oon elVIY = q’a’ Says banes am viet
(¢) Buried Piping - Applicant has stated it will respond after
consultation with the NRC.

11
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(d) We concur with the applicant's response, except the response ‘

to Question 45(d)(1). In the applicant's response to Question 45(d)(1), the = - ke
last cclumn in Table 45-1, which is entitied "Building Displacement to Pipe Yoy IR
(1)," gives minimm rattlespace requirements at penetrations of Category I Jan 1, f1°°
free-field piping supported on plant fill into various structures. In that nl S
column of the table, the quantities given for the eight pemetrations of the y

Diesel Generator Building are "V < .015 inch and H < 0.03 inch.” For the

nine penetrations for the Auxiliary Building, the quantities given are "V <

.036 inch and H < 0,129 inch.” These numbers seem much too small. What the

ranges imply is that less than 1/8 inch relative displacement is expected

between the building and the nearby free field. The applicant should provide

detailed information as to (a) the sources of the numbers mentioned above, (b)

describe how they were computed, (c) what percentage of the free-field maximum
displacement implicit in the shock spectrum or of the displacement obtained by

double integration of the free-field acceleration are these rattlespace

values. In addition, we are addressing the following two review comments to

the applicant for his response.

(1) Since the structures are quite stiff, most of the relative
movement between the pipe and the structure that would occur in a seismic
event would be due to relative movements between the base of the structure and
the free-field at the elevation of the penetration. Relative movements of the = .,
free-field at the two levels could be roughly estimated by H V_ . /V, where P Yul
H is the vertical distance between the base of the structure and the !
penetration, V.. is the free-field maximum particle velocity, and Vg 18
the shear wave velocity of the fill. Alternatively, the effect of an H/Vg
time shift in a free-field ground motion vs time plot could be used to compute
relative displacement of two points in the free-field. In addition, for heavy
structures the question of whether the structure foundation moves with the
free field should be considered.

Lo i

(2) 1iable 45~1 indicates that everywhere there is much more than the
applicant's stated minimum rattlespace requirements, but there are a few
places where clearances "C" are less than 1 inch. This is an unacceptable
situation, in our opinion. Some future settlement of the plant fill (under
its own weight) in the nomsurcharged areas is to be expected. The pipes will
move downward further reducing "C." After consideration of the original
source for minimum clearances given in Table 45-1 and the range of numbers for
the analyses suggested above, the applicant is requested to provide revised
minimum clearances and state the action to be taken to achieve them.

(e) The applicant's response that “"the analysis of the settlement
stresses in the piping is unrelated to the properties of the supporting
materials” is correct. The evaluation of the stresses using the radius of

12
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curvature computed from the nnnlurcé deflections of the piping from their s ayv " :
original positions, does not require soil properties of the bedding on which), m-h"dtsgﬂ

the pipes 1d. er, to review of the stabilities)of the pipes near]uth (éspet 1o
“ supmﬂ%ﬂﬁ’?&n&&‘t;& know the pWWmcrdou. we are .’Mrc:*m‘-,us
reiterating our request that the nppfgﬁﬁnt 8 d?h urnish\the requested hd*t&vﬂG' -
information in Question 45(1)(e). ——— ‘ﬁf‘f:‘:
s W

pres

oo

(f) The applicant's response to Question 45(1)(f) is not
satisfactory. The shear strength parameters used ir the analysis of slope
stability of the dikes may not be representative values for the soil
conditions prevailing in the soil mass of the dikes. The value cf the angle
of interval friction, P, used in the total stress analysis has been
nipulated from the # (drained condition) given in FSAR Table 2.5-22 rather
than using the actual value obtained from the test resu s on samples taken
from the dikes, or from the test results of the record samplings. The values
of the shear strength parameters provided in Table 45-2, page 45~7, are
basically taken from the FSAR Table 2.5-22, which are assumed values for the
design. Thus, the applicant has not demonstrated that the shear strength
parameters of the soil maes in the dikes are identical or better than those of
the assumed values for the design of the dikes. The applicant has further
attempted to justify the soll parameters selected on the basis of the average
blowcounts (Figures 45-4 thru 45-10) of the standard penetration test (SPT).
The tests for this area (except boring No. P2-5) do not provide blowcount
information for top 15' height of the dikes. As a matter of fact, except
horing Series P2 involving five borings across one particular cross section of
the emergency cooling pond dike, all of these tests were carried out in the
natural soil, therefore, they provide no information about the fill material
of the dikes.

Question 46 = Cooling Pond

(1) Cmecgency Cooling Pond. In paragraph 1 of the response, the a
applicant hae referred to its submission of September 14, 1980, and has stated
that as pointed out in the submission, the compaction to construct the cooling
pond dike was different from the problem fill in the power block area. A
review of the applicant's submission of 14 September 1980, indicates that it
has no intention to furnish the requested information. The explanations
provided in the submission against making additional borings as requested by
the staff has no engineering merits. The applicant has taken no record
samplings at all to verify the design assumptions as to the shear strength
parameters. It has performed no field control tests for compacted soils in
dikes above elevation 620%. The boring logs of the standard pemetration
tests (SPT), through the dike's fill material conducted for the installation
of the plezometers, show no blowcount numbers above elevations 620t with one
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exception which is boring No. P2-4 where a blowcount number of 7 has been
recorded at elevationm 625.7%. Thu:, the results of the standard penetration
test furnished by the applicant provide no information regarding the soil
conditons for approximately the top 15' of the dikes. Further, the blowcount
records from boring No. Pl1-2 and Pl-3 (see boring logs furnished with the
response to Question 46) indicate soft clay in the east dike below elevation
620. In absence of the requested information, it is not possible to review
the applicant's response.

(2) Operating Cooling Pond = The applicant's response to Question
46(2) is not satisfactory. Our comments on the response to Question 46(1) are
applicable to this question. In addition, the averaging of the blowcounts,
which varies from a minimum of 4 (see boring log 611 in Figure 45-6) to a
maximum of more than 100 for clays and silt and from a minimum of 10 to a
maximum of more than 100 for sand, would provide totally aisleading
information as to the strength of the soils. Averaging of the blowcounts is
acceptable, if all the blowcounts belong to one particular consistency or
relative density group. The method adopted by the applicant would not allow
for locating weak and strong stratifications of the soils.

We concur with the remaining portions of the applicant's response to Question
45(1)(f). 1If the appropriate values of shear strength parameters are used,
the analyses performed would zssure the seismic safety of the founditions of
the two Category I reinforced concrete return pipes.

Question 47 - Site Dewatering
(1) (a) We concur with the applicant's response.

(b) The additional work the applicant has committed to perform in
its response of this question will assure the seismic safety of the
foundations ~f "ategory I structures, deriving support from the plant fill.
Therefore, we concur with the response.

(¢) The remedial measures completed, and the additional work the
applicant has committed to perform, would provide definite data on the
adequacy of the analyses that the applicant has relied on to demonstrate
safety. For example, this will verify whether or not there are more tham 90
days recharge time to reach elevation of 610 as calculated by the applicant in
his response to Question 24(a), 10 CFR 50.54(f).

(2) In its response to Question 47(2), the applicant has presented

results of the pumping tests and hydrographs (see Figures 47-7 aad 47-8) to
demonstrate that the plant fill south of the Diesel Generator Building is an

14
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effective barrier to the inflow of the cooling pond water. However, none of
chese test results can oubognntlﬁt. that the plant fill is an effective
barrier. Thé results indicate that inflows of water from the south side is
less than that from the area of the Service Water Structure. However, since
the applicant is planning to monitor the water elevations in plant areas, and
to perform a full scale test (last.paragraph of response to Question 47(1)c),
the seepage from the south end will also be accounted for, and if the test
{ndicates more than 90 days recharge time to reach the elevation of 610, the
dewatering system will be acceptable.

(3) The applicant has revised the analyses for the inflow in the
line-slot on the basis of a combined gravity-artesian flow to design the
dewatering system. However, it has reduced the value of the permeability of
the aquifer from 31' (used in the previous analysis) to 17' per day o“tained
from the pumping test of the well No. PD-15A which is the nearest to the
locations of the proposed dewatering wells. The method of analysis furnished
by the applicant is acceptable to the Corps of Enginers. But the validity of
using a reduced permeability of 17' per day should be further reviewed by the
appropriate section of the NRC. ;

(4) The filter pack gradation requirements provided on page 47-12 of
the response, appears to have been designed for a anuifer material gradation
determined on the basis of the boring loge of Series PD borings. What
measures (established gradation of soils with"depth interval of screens,
modify filter pack gradation) will be required during the well installations
and during production pumping to prevent infiltration of soil fines from
material finer than the gradation submitted in Figure 47-12f

Acceptance criteria of sand in discharge from an iudividual well after the
completion of its development given on page 47-14 (10 PPM or less) does not
provide any information regarding the amount of erosion that will take place
over the 40 year 1ife span of the plant. Provide flow rate, sand in flow in
terms of PPM (taken at some interval), and quantity of total sand pumped
during the development of the wells on the basis of each individual well as
well as on the basis of total number of wells. Also provide the criteria of
sand in discharge related to flow rate of a single well as well as of the
entire system of wells during the production pumping including an estimate of
volume of sand material removed in one month and during the 40 year plant life
based on your submitted criteria.

(5) We concur with the applicant's response.

(6) The quantity of chemicals in groundwater shown in Table 47-3
indicates the possibility of early incrustation (high percentage of CaCo3,

- Ph > 7.5, etes). Therefore, the applicant's maintenance program should also
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consider periodical cleaning of the 1ncru-tatiénl'by anzncccptable method. We
concur with the rest of the work the applicant hll co-nltted to perform in his
maintenance program. .

(7) We concur with the applicant's response.

(8) We concur with major part of the applicant's responses. However,

in our opinion the high percentage of CaCo3 shown in Table 47-3 indicates
early possibility of incrustation, and the applicant should stipulate a
remedial measure in its maintenance program by periodical cleaning.

48 - Seismic Analysis of the Structures on Plant Fill Material

(1) (a)(b)(c) The seismic analynes which have been completed, and the b

additional work the applicant has iu process, or committed to perform, will
either (a) assure the seismic safety of foundations of the Category I
structures deriving support from ¢*~- plant fill or, (b) provide definite data
on the adequacy of the analyses th:. the applicant has relied on to
demonstrate safety. However, in case of the Diesel Fuel Storage Tank
Foundation, we disagree with the applicant's response. A seismic
investigation as to the settlement of the loose sand indicatd by boring DF-35
needs to be investigated. \h* CDWQA wa oy

(2) (a)(b)(c) The applicant has furnished the requested information,
and we are satisfied with the applicant's response.

5. If you have any question regarding our review comments, please contact
Mr. H. N. Singh of our Geotechnical Sectica at FTS 226-2227. Resolution of
discrepancies and concerns will depend on the expeditious receipt of the
information mentioned in our review commerts in paragraph 4.

FOR THE DISTRICT ENGINEER:

Gomey il 0

Chief, Engineering Division
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