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PRCTESSIC'ut 3;ALIFICATICMS SYMCPSIS 1

U.S. 2: CLEAR REGULATORY COti!SSIDI

5_
LY".AN W. HELLER. Leader GeotecWc31 Eagineering Section

My name is Lyman Wagner Heller. I presently reside at 186C5 Rolling Acres h,

Way. Olney. Maryland 20832 and am empicyed as Section Leader. Geotecnnical =
Engineering Section. Hydrologic and Geotechnical Engineering Branch. Division
of Engineering. Office of nuclear Reactor Regulation. U.S. % clear Regulatory
Comissien, Washington D.C. 20155.

I received Bachelor of Science degrees in Agricultural Engineering and Civil
Engineering fron the Unive-sity of Illi-cis in 1950 and 1957 respectively.
I received Master.af 5_cienund Doctor of Philosechy degrees in Civil

.Lagin**-W. with majors in soii anc roundation engineering, from the
University of Florida in 1959 and 1971. respectively.

Since joini ; the AIC (now 1RC) in February cf 1974. I have reviewed or
partici;ated in the review of the geotec*nical features of about 25 power
plants and other nuclear facilities. Prior to my present ocsition, which I
assumed in Dece-ter,1974. I was e ployes for 9 years as Chief of the
Analytical Section. Soil Dynamics Branch. Soils Division at the Waterways
Ex;eriment Station. U. 5. Arg Ccrps of Engineers. In this position. I was
responsible for special analytical and experimental Corps studies in soil
and fotnedation dynamics as well as earthcuake engineering aspec*a of earth
and rock-fill dams. The results cf these studies have been published as
Corps reocrts and as papers in national and international symposia and
proceedings. Prior to Mr employant with the Corps of Engineers. I was
employed for 6 years as a Research Civil Engineer in the Soils and Pavements
Division. Civil Engineering Departnent. Raval Civil Engineering Laboratory.
Bureau of Yards and Docks. Department of the Navy. In this position, I was
responsible for soil and foundation studies related to buried protective
structures to resist the ef'ects cf nuclear weapons as well as design criteria
for piles and other waterfr:nt fowndations. My otber professional experience
includes University teaching appointments, fras Instructor to Adject Professor,
er ployment with a consulting engi =ering firin, and egloyment as a project
and product engineer in industry.

I as a menter of the American Society of Civil Engineers and Sigma 21-
Scientific Research Society of Ape-ica. I have been a registered professional
engineer in the State of Flcrida since 1959.
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*! art :.2 e St.P=: f:r Carin sa: '::kf tli Da s,'' Iss.ed by Office Nef of
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j { DISCUSSION CF THE APPLICANT'S PCSITION C5 THE
NEED FOR ADDITICNAL BORINGS

Af ter the discovery in August 1978 of unexpected settlement
of the diesel generator building, torings were .ade throughcut
the site to investigate the condition of the plant fill and
to provide infor .ation for remedi21 actions. This pecgraa
resulted in a total of 265 bcrings."',

Af ter the ini:ial discovery of the settlement, 32 borings
made in and around the diesel generator building indicated

.that the building could experience significant settlements
that could not be estimated reliably based on laboratory y*"..test results. The applicant retained the services of
Dr. R.B. Peck and Dr. A.J. Hendron Jr., two of the sost ;.

kncwledgeacle and respected authorities in the field of -

soils engineering. The resu:nes of Doctors Peck and Hendron, '

who have consulted in numerous nuclear plant soils issues,
are attached in Appendix A. It was reccemended by the
consaltants, and agreed to by the applicant and its architect-
engineer, to suretarge the building. This would consolidatethe fill, accelerate the settlement, reduce the settlecent
that will occur af ter pipe connections are made, and permit
a reliable upper limit estimate of settlement to be expected
during the life of the plant.CJ*' Af ter removal of the surcharge,(, six additional borings were made to conduct in-situ shear
wave velocity measurements. These borings also incladed
making standard penetration tests. Logs of these bcrings
are incAuded in Revision 9 to the Responser, to NRC Dequests
Regarding Plant Fill.

Although the service water pump structure and the electrical
penetration areas have 2xhibited negligible settlemest, the
torings have indicated that reeecial action should be taken
for these structures. The recedial action proposed is to
underpin the cantilevered portion of the service water
structure and the electrical penetration areas.* In connection
with the design aspects of the underpinning, the sorrices of
Dr. M.T. Davisson were utilized. His resume is attached inAppendis A.

The NRC staff has requested that addltional borings be made
in 18 areas as outlined in the NRC letter of June 30, 1980
on this subject.* Discussions with the staff followed on
July 31, 1980. The applicant believes that additional
borings to justify the adequacy of the remedial action
pregram are unnecessary in that borings, laboratory tests,

( *

. l.
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( data collected in connection with the surcharge progras, j
and load testing provide sufficient information. Furthe r- '

core, it is estimated that two borings per area (which would
be required in accordance with the staff's reqt.tst) would
cost a minimes of $400,C00 not including applicant's overhead,

| profect engineering cost, and possible damage to installed
corponents and strxtures. Accordingly, the applicant's'

; position is:

* 1. That the additional borings are not necessary, and;

i 2. That the postulated benefits do not justify the
; cost.
!
'

secause of the disagreerent with the NRC staff, a formal
appeal for relief from the staff's request was made to NRC
tecnnical =a .agement. This discussion docceents the appli-

. cant's presentation at the appeals seeting of August 29,
|| 1980, and includes additional information pertinent to the

NRO staff concerns. This docerent also is a partial scacary
of several discussions with the NRC staff and many for=al
scht ittals made during the last 2 years. Applicable
references to more detailed information are provided.

.
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| A. DIESEL 2NERATCR 8UILDING

1. Se ttle-en t

As a rescit of the detailed studies of the settlement
| ;rcele-s, it was decided to sur:harge the diesel

generator butiding with sand in order to consolidate
the fill under the structure.

The surcharge was applied in three increments to a,

casimum height of 20 feet (appresimately 2.2 ksfl. The
stresses prevailing during surcharging at all depths in
the f all beneath the tutiding exceeded those that will
prevail *.ile tne structure is operational including
those a; plied by future site dewateringFfigge 1
shows the surcharge histery and Figure 2 shows the
stress distributten cel s the building during and
af ter the surcharge. Tne cooling pond water level was
raised to the maximum desian level before suretarge,

'

reached its maximum level.* The groundwater taale telow
the diesel building rose to approximately elevation
6:5. which is 3 feet below the base of the foundations
as shewn on Tigures 27-5 through 27-49 in the responsei

to hRC Question 27, Revision 6. The primary reason for
reqairing the pend level to be raised while the suretarge l

( bas being applied was to reduce capillary action and
Iincrease saturation levels eleser to the planned ground-

weer elevation of $27 Fond water level was maintained
at the sasimum level throughout the period of surchatging.

: As can be seen from Figure 1, settlement occurred
rapidly as the load was applied. When the surcharge
reached its maximum level, the rate of settlement
decreased rapidly. As saticipated, excess pore water
pressures developed when the load was applied and
dissipated rapidly, indicating rapid consolidation of
the f111.'"

,

|Measurements made to date indicate that a small amount i
of rebound occurred during surcharge removal, and only!

'

small settlerent took place since removal of the
! surcharge in August 1979. In addition, as expected

during retound, piesometers showed a slight drop in
water level, indicating a negative pore water possurewhich later staatlized with groundwater level.'

Prisary settiement occurred rapidly and sett1esent
measurements irdicated secondary consolidation was
occurring as esrified by the straight line on the semi-
log plot show on Figure 3. This figure is typical of,

| all the settlement curves shown in Figures 27-4 and 27-51'

through 27-78 which exhibit a straight line settlement.

:
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during see ndary consolidation. nis behavior has been
recorded oc sany projects including the Chicago Auditorium
where this straight line secondary behavior has been
c: served for 60 years. Settlement trends based on
rates experienced while the surcharge was in place were
extra;clated to predict zazimum settlements expected to
occur over the life of the plant. 21s pred tetion is
based on the conservative assu: ptian that s rcharge
loading conditions remain for the life of the structure.
Settlement reasurements made during the period between
Septemaer 14, 1979, and June 12, 1980, show that, on
the average, the building experienced less than 0.1 inch
of settlement as shown on Figure 4. mis

Serondary consolidation was also assessed using data
ettained free fear deep terros anchors to provide
greater accuracy than fecni conventional survey technicaes.*'
Re deep iterros anchors allowed movements to be sea ared
by gages to an accuracy of 0.001 inch."C' A typical set
of r.easuresents is shown on Figure 5. Sese secendary
censo11dat:en measarements, when extrapolated, indicate
that settlements less than 1/2 inch would occur during
the infe of the plant under the design loading.

ne technique of estrapolating from full scale test
( results is the most reliable method for predicting

se ttlement. Normally at the start of a job, sampling
and testing are utilized to predict settlements. In
this particular situation, the surcharge program
previded the opportunity for direct sensurements and
thereby eliminates the need for sampling and testing.
It eliminates shortcomings of theories, sampling, and
testing. Measurements in the laboratory are made. to
an accuracy of 0.001 incht however, the laboratory
sarple is only 3/4 of an inch thick. The protsele
error in estimating the field settlement of a 28-foot'

layer over the 40-year plant life based on a single
3/4-inch laboratory test sample would be of the order
of 1/2 inch due te measurement sensitivity alone, not
including the ef facts of sampling disturbance and
representativeness of the samples. Measurements in the
field are also made to a 0.001-inch accuracy but the
field test sample being measured is about 28 feet thick
whereas the laboratory sample is only 3/4 of an inch
thick. Sus, the full scale load test results involved
far less error and will result in a more reliablepr edict ion ."*

It should also be noted that the approach which utilises
evidence other than the results of laboratory tests for
the prediction of settlements has been used on previous

>
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g nuclear power plant applications. At the Fewanee
plant, initial settlement estimates based on
laboratory test results predicted that settlement
should be of the order of 15 inches. However, when the
evidence of preconsolidation by glaciation was incorpo-
rated into the evaluation, predicted settlement was
reduced to 1-1/2 inches. Measured settlenent at the
end of construction of the foundation was 1-1/2 inches.
Another example was at Quanicassee where laboratory
tests indicated high settlenents. A preload program in*

conjunction with geological evidence resulted is a
lower but more reliable prediction of settlement. The
prelcading in that case was accoeplished by pumping
down the groundwater and measuring tne drep in pieso-
metric pressure as well as deformations.""

The limitations inherent in saepling and testing have
been recognized for many years. If sampling and testing
are done, the predictions could, because of these
limitations, be u: lealistically large for certain soil
conditions. Saepling and testing are not necessary
because of the ability to make a more reliable and
conservative estimate of settlement with a full scalesurcharge program."*

Although the surcharge resolves the uncertainties
( regarding settlerent predictions, it does not eliminate

the potential for liquefaction. Various methods includtag
chemical grouting to resolve this question were considered.'"
It was determined that the sont reliable solution wouldbe to pe.manently dewater the site fill. The dewateringdesign details are beang detersined based on data
obtained from the temporary dewatering required for
future uaderpinning activities. This will provide a
direct measurement of the groundwater behavior in the ~j

fill. Furthermore, the temporary dewatering has the
additional advantage of providing information on settle-
ment due to dewaterit.g which is much more accurate than
predictions obtatned from sampling and testing. Recharge
data will be obtsined when the temporaqr dowatering ''

systes is shut down.'"

The approach used to estimate settlement at the diesel
generator building relies on full scale measurements of
settlement from surcharging and settlement seasurements
as a result of f all dewatering. These procedures
provide a direct, reliable, and conservative means of
predicting settlements therefore, sampling and laboratory
testing would not provide better data to refine predic-tions."8

(
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The ability to directly measure over the plant lifetime
the actual rate of settlement of any structure (a slow
process) and compare the total differential settlesent
:, gainst the design basis for the building connections|

provides a positive and verifiable resciut*en of the;

safety qastion involved.

| 2. Bearina Ca acitv"8

In addition to NEC concerns on settlement of the
structure, there have been concerns raised on the
bearing capacity safety factor.

ne not ultimate tearing capacity is the soil pressore
that can be supported at the base of the feundation in
ex:ess of that created at the same level by the weight
of material abcve the base of the foundation. He net
ultimate bearir.g capacity is defined below.

Net Ultimate Bearing Capacity = q
d
net

= CNg + Y D (N -1) + 1/2 Y BNg g y

(
(.. C cohesien intercept4 /

hN,,N bearing capacity factorsa
q y

V 's Y = ef factive soil unit weight,

'

Dg = foundation embedment depth

B = foundation width

to factor of safety is equal to the not ultimate
tearing capacity divided by the net applied pressure
belcw the foundation. Se minimum bearing capacity
safety f actor for the diesel generator building is igli
above the factor of safety of 3 given in F5AR Sub-
section 2. 5.4.13.1.

'

Soil parameters selected for use in determining the net
ultimate bearing capacity depend on the rate of load
application and the rate of pore water pressure dissipe-
tion of the foundation soils. For a load being applied
instantaneously, it must be assumed that no dissipatton
ci pore water pressure would have occurred. Under the
instantaneous loading condition, soil parameters should
te selected based on undreined laboratory tests.

.g.
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Were loads are applied gradually asd/or maintained
for a period of time to allow pore water pressures to
dissipte, soil parameters should be selected based on
drained laberatory strength tests or c:nsolidated
mdrained lateratory strength tests with pore water
pess.:re .eeas urements.

! Se building Icads for the diesel generator building
structae were applied gradually and maintained over a
period of more than 18 months; therefore, it is appropriate
to evaluate tearing capacity based on drained conditions.

Csnsolidated undrained laboratory strength tests with
pere seter pressure measarements were conducted on
smples of plant area fill having characteristics
s::ilar to t:sse under tte diesel generater building.
To provide a conservative analysis, five samples with
low dry unit weights in the range of 114 to 119 pounds /
cc. tic foot here selected. Based on the results ottainedfrom these san
resistance (7)ples, the effective angle of shear.agwas found to be 29 degrees and the
c:nesion intercept (Q was found to te 114 pounds / square
f ct. The drained angle of shearing resistance is
b.own to be ;rimarily a function of the plasticity
ctarac.teristles of the soil and as the plasticity of( the samples tested is within the ra.ge found beneath
the diesel generator building, these tests are repre-
sentative and testing of samples from below the diesel
building would not rescit in significantly dif ferent
design values. This laboratory test data is summarized
on Tacle 1. The strength data is presented on a modified
effective stress Mohr-Coulose diagram in Figures 6 and
7. Total and of fective strength data at failure shown
on Figure 7 are comparable and indicate the pore water
pressures en1 sting in the samples tested tore close to
zero at failure. As shown on Figure 8, the net ultimate
bearinq capacity factor of safety is ap;ronientely 7
using F = 29 degrees ard_ C' = 114 pst and approminately
6 af the C teca is assumed to be sero, assu: sing the
he'er taole will be lowered to telow the foundationinfluence depth.

Chder earthquake conditions, an additional loading
equal to about 30 percent of the static loading will
be applied. This lesd will be instantaneous and would
occur eder todrained soil conditions. Factors of
safety for setssic conditions will be above acceptable
limits.

.
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[ B. SERVICE WA~DL STR::CTURE

i

Af ter the discovery of the unexpected settlement at k.the diesel generator building,13 borings were made
withis and around the portion of the service wet.or - [

istructure scpported on fill. Rese borings included -

standard pe etration tests thecugh the fill a:d terminated
:ta the natural soils. Altheagh there has been no

unexpected settlement of the service water structure,
the information ontained from the borings indicated*

that it would be appropriate to underpin the cantilever
portion of the service water structure. His will be
achieved by using piles driven into the natural soil.
At a later date, nine borings were made to conduct
shear wave velocity seasurements. These bcrings also

/included sta.dard penetration tests in the fill and
were extended into the natural soils.*"'

During the initial site investigation by Danes and Moore
and construction phases of the plant, there were borings
made into the natural soils in the vicinity of the ser-
vice water pump structure. Based on infor:ation obtained
in the initial site investigation, borings made during
ecastruction, and borings and laboratory tests made af ter "

the discovery of the unexpected settlements in the diesel
generator butiding, preliminary estimates of pile capac-( ity for support of the cantilever portion of the service
water structure were made. Based upon an estimated cacac-
try on the order of 100 tons, it was determined that 16
pties would be required. Calculations will be submitted
in the response to Question 41. To verify the initial
estinate, a preproduction load test program will be
conducted which will include loading a pile to yield in
ceder to determine the pile working capacity. The pile .

will be top driven in a predrilled hole and will penetrate
into natural soil. The lead test will be conducted as
close as possible to the location of the production
piles. In production, the piles will be installed in
the same manner as the test pile and will be tested by
jacking-against the building to 1.5 times the design
load .iu.nz

Resalts of the various subsurface investigations conducted
at the site also enabled an estiaate to be made of thedowndrag on the piles. Downdrag has been estimated on the
basis of standard penetration tests and results of labora-
tory tests conducted on plant area fill soils throughout
the site. Downdrag values will be verified by pullout
testing during the preproduction stages. In this case, a
pile will be driven in a predrilled hole in the same
manner as the production piles. The pile will only pene-
trate through the fill and will not penetrate through the,

( natural soil. The pile will be load tested in tension and
the downdrag will be estimated on the basis of this test.
Based on the above, downdrag will be f actored isto thefinal design."8

..g.
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( There is no need for additional borings as borings to
'

date, preproduction testing, and testing to be performed
during production will provide suf f Leient information.
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( C. AUXII!AltY SCII. DING

Af ter the discovery of the unexpected settlement of the
diesel generat:r butiding,18 borings were made along thti
southern portion of the auxiliary building, both inside
and outstde of the electrical penetration and control
tower erees. These borings penetrated the f all and were ,

ter: tnated 'ts tse natural soil. The borings included
masteg standard penetration tests.'''

Duri. g the inttial site anvestigation by Dames and
Moore. borangs were made in this general area. Although
there has been no unexpected settlement of the ausiliary
butiding and electrtcal penetration areas, inforestion
obtained frem the boringa indicated that at would be
appropriate to underpin the electrical penetration
areas of this structure. This will be achieved using
caissons bearing on the natural satis. This has been
addressed in the response to IIRC Question 12.""*'

The bearing capscity of the caissons to be installed in
the electrical penetration areas was detersined on the
basis of laboratory test resalts conducted during the
initial ette investigation by Deres and Moore and has
bNa factored into the prelintnary specification for
catsson construction. beartag capacity calculations will

( be transmitted in the response to Question 42. During
installation of caissons, each caisson will be load tested.
A minimum of ttas caissons will be loed tested to twice theworking load and the remainisg caissons will be lose
tested to 1.5 times the werktet load.".*
Downdrag may also occur en the caissons. tattaates of
downdrag were made on the basis of reralta of sette
borings made beneath the electrical penetration area
foundations. These estimates will be incorporated in
the design. It should be noted, however, that downdrag
around the caissons should be sinisal because these
caissons will be installed with traction breakers and
bentonite slurry which are necessary to f acilitate
penetratton of the caissons through the soil. There=
fore, the friction around the caissons during service
life will be sinimal due to the presence of bentonite
slurry. At least the last 4 feet of penetratten into
the natural soils will be hand dug without the use of
friction breakers or casing.'"

There is no need for additional borings because betings
to date and testing to be performed during construction
will provide auf ficient information.

.lo-
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0. CCCLING PCND CIEE

ne staf f has requested that borings be takes in,certain
_

areas of tte cooling pond dike.

2e adequey of the design and construction of the cooltag
pond dtko ts not a preter subject for consideretton in the
hearing on the 5AC's December 6,1979, Crder Modifytng t2e
Midland Construction Permit. De scope of the hearing and
the Jurtsotetion of the hearing board are limited and
determined by the December 6,1979, order. (See Public
Service Cor=pany of Indiana. Incorporated, Marole Hall
h4 ear Generating 5tation, Lnata I anc !!, ALAB-316,
3 NRC 167,170,1967.)

"to tece-ter 6,1979 Crder clearly sets forth the subject
eatter for a hearing ta the event one was retJested. At
Page 6, the Ceder provides:

In the event a hearing is requested, the issue to be
considered will bes

(1) nether the facts set forth is part two of this
ceder are corrects and

( (2) mother this order should be sustained,

ne first issue identified clearly provides ne basis for ~

an open-ended review of the design or construction of the
cooling pond dike. No reference to the dike, a nonsafety.
related and non-0-11sted structure, is made is Pars No of
the Order.

Nor would the second issue provide such a basis. De basis
uren which the order could be sustained is set forth in
Part Tour of the Order. De test of Part Four clearly
indicates that the order was rendered pursuant to the
Atou te Energy Act, not stPA. Further, the Order is
limited in scope to *recedial actiens associated with the
soil activities for safety reisted structures and systems
founded in and on plant till.' Nence, the purview of the
hearing is, by the direct terms cf the ceder, limited to a
safety poview of safety related structures and systems.
As pointed out above, sie dike is not Q. listed, is not
safety-related, and hence is outside of the scope of thesoils nearings.

Although this is an inappropriate subject for 3RC consid.
eration in this hearing, the following information indi.
cates wny tBe dikes were adequately constructed. ,

$

11 -
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Heavy equipment was used to construct the dike, whereas in '

the confined areas of tne plant srall hand-held equi; ment
was utilized in many excavated areas. Prior to dtke
construction, the area was stripped of all soil which
centained organics and deleterious eaterials. The area i

was excavated to an acceptacle firm fou..dation for an
Iinspection trench and an impervtous cutof f. The exca- I

vation extended to a minimum of 8 feet below original ]-'greurid 1svel and a minimum of 2 feet into undisturned
materials of the impervious cutoff.* . i

0

Af ter ccepletion of the excavation, the subcontractor was
required to request an inspection by the contractor's
field engineers. #

The clay artankrent fill material was then placed in lift,

thicknesses not to exceed 12 taches and cespected with
four passes of a 50-ton rubber-tired roller or equivalent
compact ive ' ef fert. Cther equipment used was qualified on
test pads using the proper raterials and roller passes tos

the aseve specification. Ctt.er material sections of the
dtke were also placed utilizing methods described above.
Care was empicyed to ensure material separation between
zones of the e.tankment to prevent matertal contamina-
tion. If, for example, the sand zone was to be crossed by

( equipsent, the area would be marked and the contasinated
material wocid he removed and replaced with approved sand. ens

Inspecticas were performed by the fulltime subcontractor's
inspector for lif t thickness, proper material, roller '

passes, and moisture conditioning.* The inspector would j
call for field density tests after approatmately every e500 cubic yards were placed to verif
zent was accomplished.* Randse over y that proper place-inspections were*

conducted by a representative of the applicant during
normal placement.

Af ter completion of the dikes, several esthods of monitoring
the dikes were implemented. Twenty-four settlement monuments
were placed around the dike. All re& dangs show little or
no settlee.ent .scept for three monuments, which are located
at the south' Jt corner of the dtkes. These monuments
show approsivately 1-7/8 inches of initial settlement,
teich toont place before pond fill. Since June 6, 1978,

*

only 0.010 inch of settlement has Leon racorded."'"
,

Four holes were drilled in the dike to install power
.

,

soles. These holes extended approximately from elevation 632
to elevation 423 which was the approximate water elevation
at that time. Visual inspection of these holes revealed "

firm, well compacted material, which is documented in
( inspection reports by the contractor's geotechnical

-12-
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personnel and describes tne material in these holes as
| firm clay free of any standing mater. In addition,i

penetrcaneter readings ranged from 1.8 to 2.7 tons /
square foot. In a boring taken for this activity, blow
counts yore taken and show that the clay is stif f.
(Blow counts ranged from 11 to 41.)

Prior to cooling pond fill, pierometers were installed
in two locations. mse were at the northeast dike and
the east dike at depths to 67 feet. At each location
there are ten Tierometers starting at the pond side of
the dake and estending to the river flood plain on tne
cutside of the dike. Fiezometers in the dike show the
sand drain is performing as expected. Standard pene-

*

vation tests in the fill at these locations show blow
ceunts netween 10 and 60, with two exceptions at approxi-
mately 70, and two esceptions near the surface at 3 and
7 tags of these borings wG1 be provided in the
ressense to 01stion 46'.

"here are 19 groundwater monitoring wells around the
,

,

dtkes, esteeding to various deptas from 32 feet to j
234 feet. These are used to monitor the elevation and
quality of the groundwater. As expected, water level )

(- in the monitoring wells is fluctuating with groundwater |
level changes.

!
tsince completion of the pond fill there have been two I

inspection walkdowns around the dike by the contractor's
geotechnical personnel accompanied by the applicant. No
significant areas of concern have been identified.

j

This supports the conclusion that the dike is performing,

as intended.-

The soils consultants have advised against saking addi-
tional borings in the dike now that the pond has been
filled, because of possible dama
due to the drilling operation.* ge to the estankment

i

I

.
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( t. RETAINING WA11,

The retaining walls adjacent to the service water pump
structure (Seismic Category Il and circulating water
pump structure (noe-Seismic Category Il are both founded
on natural soil and on backfill material. A construction'

joint separates sections of the walls that are on
natural soil (except for a short distance which was
escavated and backfilled during the construction of the
service water pump structure) from the sections on

'

backfill.
i

Af ter discovery of the unexpected settlement of the
i diesel generator building, four borings were made near

the retaining walls. The borings penetrated the fill
and were terminated in the natural soil. Curing con-
struction phases of the plant, there were borings made
into the natural soil in the vicinity of the walls.""
torings made adjacent to the retaining wells show that
tll granular fill tes placed and compacted behind the
waller (2) the outer walls are founded on stiff to very

,

'

staff clay fills (3) the inner walls are founded on
natural dense sands, and hard clays and silts that also
underlie the fill sapporting the outer walls.

,

( The soil parameters used in the original design are
compared ta the following table with the values derived
from the boring records and laboratory tests of the
soil saeples taken to date taroughout the site.

Allowable.

Values from Soring
Desten values and Laboratorv TestsA. Natural soil

Cohesion 2.0 ksf 4.0 ksi
Searing for

- statta condition 7.25 kaf 12.9 ksf
tearing for

j eensaic condition 9.43 kaf 19.35 kat
! 3. Backfill soil

Angle of internal
friction 20' 35'
tearing for

; static condition 3.34 ka! 3.3 kat'

Searing for
seismic condition 4.25 ket $.0 ksf

.

14
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( The design values are within the parameters derived
from the morings a-d laboratory tests and, therefore,
the design is conservative.

The factors of safety of the retaining wall against
sliding and overturning, using t>x design parameters,
are witnin the reqairenents given in TSAR Sasectaen
3.8.6.3.'4. 51cpe stability evaluation based on bcrings
to date show an adequate factor of safety.

The measured total settle;ent and d fferential settle-
: ment are each less tMn 1/4 inch from Septercer 1978 to

July 1940." *

Therefore, additiceal borings are not required in this
area because availacle horings and settlement data
pectide information sa!!icient for evalaatten of the
adequacy of the walls.

i

e

:

.

d"

k
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| 73 :! I?'m p' - q' RCA*!":GE!P

T1 ?3 T1.Y3
5:etag - Sa=ple v. p'* 2 p'* 2
- Test Sortes ,d f *xf1 til (psfl fpsfl

~9 - 8 - 213 117.9 14.4 2,0C3 1,100
,

TIS - 3 - 222 118.5 14.2 7.230 3,350

715 - 5 - 225 17.4.4 16.9 2,1% 1,225

TR2 - U2 - 144 114.6 14.6 3,600 1,800

~35 - 2 - 14? 117.9 14.1 6,000 3,100
,

' 3C IS:

T g * dry unit weigns|

i

w a mater coctent

Tg * effective ma;or principal stress

j T3 * effective miner principal stress
l
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|BEA2:!:0 CAPAO: Y (;'c 3'.0c)

A. SAIC 3 A*.t. C:7 33 3 |

i = s* |
'

|.

t = 26: pef I

|

a). Use ? s F |
.

8,* 27 N e 16 N e ;,3 |

i
!

tt = (26:1 (:7) . (1251 (4) (16) + 1/2 (125) (ic) * - _

* 7.020 + 12.000 + g,375

2:295 pet

(4 It m = 27,645

1

2*.645 '

F.S. e e 3.13 ,

1

n). Ese Vesig

N ,* 27.9 5 = 16. 4 5, e 19 -

Tg * (26C) (2*.9) * (128) (6) (16.4) * 1/2 (125) (1er m,
.

= 7,254 + 12.300 11,375 = 31,423 pet

(tglast * 30,679 psf

3'0'F.3. e * 9.C2
,
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:

|
\
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i Figure 3 (sh 2 of 2)

!
I

e

i

) 3. BASI:: C:: F .T SAS:. 3 w: P Z-u :I::r: =I
s

e> -

: .=n
*

: c = 114 psf
a

s = 27 N = if N = 15e q y

!

5, = <n u ::7) - tu s. (s: :Is) = u: :nsi c:) usit

* 3.078 + 12.*:0 + 9.375
.

= 24,453 psf

(q 'not = 23.*03 psf4.

4

!

j F.5. = *3, m~~ = 6.97
~

3.400
,

i

IF st Kr M- e. Ass:P2 = 0
1

S

t = (131 fEl (18 * 1/2 (1:!) (101 (15)d

= 12. M = 9.375

= 21.3*5 pef

(q }m = 20.425 pefd

F.S. = 20.425 = 8.57 -3.4CC
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| Personal Cata $samary of M. T. Davisses
!

rdi Ts-* ,, kelvis Thomas Cart.een strtP. este 23 December 1911-

,,,

- R :,'

. d';D .Prese*t PCettt3*et .'

k[Professor of Civil Engineerfag. University of 1111 asis. Urbana.'I111 asis d' ?

H1C astti:s Founiattoa Er.gineer /
. .; .

P'Seeu-me - '

.g n -

settse of Cate. .Sct from tantveretty of Aktes. M.S. and Ph.D. free I M
Osiverettr of !!11 asis. Earlier work esperiesce wee is ese- f y
struction and strustarsi engineerias. g .. ..

emm:t t .a:
um--mm

ciffic-alt faunestions ta waterfrest constreettaa teeludies bulkheeds, ik.%eoffertans est piere; brssed esta, unter;it.ains, grsia storess - (w4strartures; pesteettsw camatreeties to resist suelear blast; a f1
4eep eeeen sett me:hentes; fondattoa vibrettoas; deep foundattees; ,?%
fraea'es of pile Artstas. Eaamples are: Rwises F1ver Pier La ter g.f.hy
the Is1'astaaeries lines & Sulk. ved s.pportir.4 McCarsiet Plate la .'
Cht:sge; Craia Terst al at Sorel. P. r.; Pile foe.dattans for .

-
"

a
.

Imeks ta$ Osas la 13e Arteceas Rkser Frs'eet; ITinutenan-type 0
'

e:astruction for U.S. Air 7 tree; Shelter cesstruettee for U. S. 1.: (
Aray and Navy; Reseerett pettless et 3evada Test Site and /

( Suffielt Esperisestal Stattes; .teesseesdations for 3 and C pet- | i
grams is deeWeen er.stseerias for U. 3. Savy; Pile supported .

raavey esteestene at lacuartsa Field for Part of 3ew York "

Authority I and B es vibrenary pale driving for Shell Oil Os.
.

= =uener
Fa%ttes vibrati- p."im. tars 1.riJt.g.sles:rta.,. pows: e; ente
and stenetares such,es the Es.14 Newsprint Maanime fur Fries

"y

Bros. et Alan P. 4. Ftrelas projects la Etarope. Asia, South
Amertes. Central America. Canada ese Puerte Stee.

Reses ts:

Setarter of deep feudattees (piles, drilled piers. etc.) Settlement
of feustattees. Seil traentes. 7tmenties vibrettees. 4.eetes
of pile drivies. Veee equaties easlyste of ignet and vibreeery plie driving

Teebi ar

Several eeurses la sett eschemies and foundatles engineering for semises
and gre h ate students. Special esasse is deep feudations far ad-
weased graduate students. *

Teehniest and Professiomal Seeietteet

Amettees Seetety of Civil Engtasere
Anertene Concrete tastitate
Ameriesa Pat way thaineerted Assestation

g Ameriese Seeiety for Teettag and l'.aterials
\ Natieaal Seetely of Professional Engineers

.
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| Personal Data Se=mry of M. T. Davissoa. continued
*

|

t Ct==f ttee va.hersh!=,. .

America: Fallway E:gineering Associatics, Coc=ittee 8. Coc reta Structures
act Fee.datia=a.

Americes C3: crete I:stitute. Ces=1ttee $%3, Ccacrete Files.
American Society of Civil Zr.gineers, Committee on Deep Tcundations..

Americes Society -for Testing and .%:arials, Consistee B-18. 34. 31
Tests on teep Faustations and Committee D-7, Sub. 7. Timber Pilsei

Ifg%er Pesearch Board, Ccanittee os Boils. Geology and Foundations,
Chair:an, Subcom=it*.ee as Bridges and Cther structures.

PP:*eS s ! * ti 'esistratica:,

.

Prefeasic:a1 Engiseer - Chio and Illinois
Stru: wal regge.eer . Illinois

N * ?s sal _ Awe?ds_:

Fo:!;iest e* the See =$ Ar7ual Alfrei A. Namni Award,1959, for the
paper atersl Stati:ity of a r:,,ggi, pg,,,= 7gy,g p;,,,
is inter:sti::a1 cc=;etition for original papers as founistion
engt eerias.

Recipie=t of the Collir.svood Prize,196k. presented by the Mcas(- Society of Civil Instseers rer the ;ay, "ht,.q -aw,

| Pfles la a Layered Soil Systas."
,

PCirattens:
;

See attached list.
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]. { M. T. Davisson

(
,

,

Publications:

1. R. 8. Peck, M. T. Cavissca and V. Mansen, discussion of: *$cil
Modulus for laterally Lotted Pales." by 8. .'*cClelland and J. A.
Facht. Jr. Transactions. A5CE. Vol.123,1953 pp.10551C69.

2. M. T. Davisson, discussion of: "Doerieental Study of Bears on
Elastic Foundations.* by R. L. Them. Proceedings. ASCE. Vst. 87 '

No. ER1, February 1961, pp.171-172.

3.
D. U. Cee e and M. T. Davisson. "Bahavior of Grain Elevator Founda-

1.

l

tiens Subjected to Cyclic Loading." Proceedings. Fif tn Internattoaal
Conference on Soll Mechanics and Foandation Engineering. Paris, .! Vol.1.1361 pp. 629-433.

I 4 R. 8. Pece and M. T. Cavisso . diseassion of: " Design and Stability
Corsiderations fcr Unicue Pier.* by J. Michalos and 0. P. Billington.

.

Transactists. A5CE. Vol.127. Part IV.1962, pp. 414 424. '

5. R. B. Fect and M. T. Davisson discussion of: " Friction Pile Groups
tn Cohestee Sott." by R. L. Kend er. Proceedings. ASCE. Vol. 87s
No. SN1. February 1563. pp. 279-235.

4. M. T. CIavtsson and M.L.' Cill. " Laterally Loaded Piles in a Layered
( Scil Systan. " Proceedings. ASCE. Vol. 89. No. SM3. May 1963. pp. 83-94.

7. A. J. Hendron and M. T. Daelsson. " Static and Dynars c Beeavfor of a
Playa Stit in one-Dimenstosal comeression." Technica: Docuree.tary

-

Report Mu. RTO TOR.63-3078. AA4.. Kirtland Air Force Base. Septenter
1963. *

8. M. Iane. M. T. Cavisson. R. E. Olsen and G. C. 5tnnaren. "A Study of
the Dynamic Sof1-structure !ntaraction Characteristics of Soil."
Technical Doc.ctntary Report no. ATO TCt.63-3116 AFW'.. Etrtland
Air Force Base. Decamber 1563. *

; 9.
M. T. Davtison and 5. Prakash. "A Review of SollMe 8ehavior."
Mifney Arseanh Record No. 39. MRS-NRC Publication 1159. Washington,.

1961. pp. 25-48.,

!

10. M. T. Davisson. "Estimatin9 Suck 1tna loads for Pfles." Proceedtags.
Second Pan huerican Conference on Soil Mechanics and Four.dationEngineering. Brazil. Vol.1.1963. pp. 351-371.

'

11. A. J. Hendron. Jr. and M. T. Davisson. ' Static and Dynanic Constrained
Moduli of Frenchr.an Flat Seils." Proceedings. 5pposius on sett-
Structure Interacties. Tucson, June 1964. pp. 73-97

12. M. T. Davisson and T. R. Maynard. " Static and Dynamic Corpressibility
,

|
of Suffield Esperimental Station Seils." Technical Resort No.,

j { idL TR-64-114. Ardt, strtland Air Forca 8ase. April 1965.

!

!
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13.
M. T. cavisson. discussion of:

,

"8veklinj Piles.* by E. J. Klohn and G. T. Hughes.g of Long. Unsupported Tiseer
ho. SPA, July 1965 p. 224 Proceedings. ASCE, Vot. 31'

14. *'. T. Oavisson. T. R. reynard and V. 4. Xolle. " Static and Dynettelewi:r of Sands in Ore-oteensional Conpression." Technical Re: ort
No. AF.1.-TR.65-21. AFW. Kirtlast Air Force Base, tiect-her 1965

15.
, -

.

M. T. Davisson and E. E. Robinson. *8ending and Buckling of Pa ti ll
-

Embedded P11es." Proceeeings. Sizth International Conference on soilray
Mechanics and rcundation Endneering, Montreal. Vol.1.1965pp. 243-44.

.

16.
M. T. Davisson. *tesign of Deep Feundations for fall Bailding. .

Lateral t.asd." Prcceedings. Struct.ral Engireerinq In Modern Suilets U. der

Design tilinois Structwal Engineering Conference. Chicago19%. g
app.157-174

i
! 17.

ASTM 5;ecial Technical P211 cation. No. 444. Sympostun on DeepA. H. Hster and M. T. Davtsson. "Measurerents cf Pile Load Transf
,

'

er."
Feundations. San Franciscs 1964, pp.106-117

18.

M.1. D'aitsson and J. R. Salley. " Lateral Load Tests on Orfit dpiers." ASTM special Technical Nblications Ms. 444( e
Deep Fotedations. San Fraecisco 1968, pp. 44 43.. Symposts on

19.
M. T. Davisson and V.,J. Ncconald. " Energy Measurements for a Di
Deep Foundations. San Francisco.1968 pp. 295 337.Hanner." ASTM 5pecial Technical Nb11 cation. En. 444

,

esel
. Sye9Cstus on

'

20. M. 7. Cartsson, dis'ussion of: ~c

Vol.. by Harry M. Coyle md I. M. Sulaiman Proceedings. ASCf.'5hin Friction for Steel Files in
Saed "

95, no. SM1 January 1969, pp. 373 374.
21.

A. M. Hendron, Jr., M. 7. Sevtsson and J. F. Perole. "Effect cf
,

Research Establishment Sufffeld." #eport 5-49-3. Waterways Espe iDegree of Saturation as-Cosoressibility of soils from the DefenseStation. Vicksburg. Mississippi. Apell 1969. r ment
22.

M. T. Davisson. ' Static Measurements of Pile Senavior.* Proceedi
Cellular Structures. Lehlgn University, lethlehse. April 1970 Conference on Design and Installation of Pile Foundattons and

ngs.
pp. 159-164

..

23.

M. T. Davisson. " Design File Capacity.' Proceedings. ConferenDestes and Installation of Pile Foundations and Cellular Structuresce on
tahign university. Sethlehen. April 1970. pp. 75 45. ,

24

M. T. Davissen and J. R. Salley. "Model Study of Laterally Load d
Piles." Proceedinos. ASCE. De1. 95 No. SMS. Septester 1970{ epp.16C5-1627.

.
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25. M. Alizadeh and M. T. Cavisson. *t.ateral Load Tests on Piles -
Arkansas River Pr: Ject." Prd:eedings. ASCE. Vol. 96. No. SMS.

j 5eptember 1970, pp.1583-1604

26. M. T. Davisson. * Lateral Load Capacity of Piles.* Mighway Research
Reenrd No. 333. Washinft:n.1U0. pp.104-12.

27. M. T. Davisson. "820 Vibratory Criving Formula." Foundation Facts.*
: Vol. VI, no.1,1970. pp. 9-11.,

i 23.
' ' M. T. Davisson and J. R. Salley. *$ettlevent Historias or Four

targe Tanks on Sand." Proceed ngs. Performance of Earth and Earth-
Supported Structures. Pus 1fue University. Lafayette. June 1972
pp. 981-996. *

.
.

29. M. T. Davisson. " Settlement Hf stories of *4 Pile Supported Grain'

silos." Proceedings. Perforzance of Earth and Eartn-Supportedi
structures. Purdue Dr.tversity. Lafayette. June 1972, pp.1155-47,

20. M. T. Cavtssen. " Inspection of Pile Driving Coerations." Technical
Report M-22. Depart. ent of the Army. Construction Engineering
Research Latoratory. Chae:pafgn. July 1972.

31. M. T. Davisson. "Migh Capacity Piles." Proceedings. Lecture Series.
(. Innovations la Foundation Construction. S'.&FD. Illinois Sect'on ASCf.Chicago 1973.

32. M. T. Davisson and O. M. Respe. *)leve theory ifepitfied." P11 stalk
Seminar. New Jersey,1974.

33. M. 7. Davisson. " Pile Foundations and the Computer." Use of Coesuters
,in Foundation Design and Construction. Metropolttas Section ASCE.
)New York. April 1974.

.
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Professic.a1 !a iground and Experience

( Na e: Alfred J. Ye :r:n. |r.

A: dress: 222 c Civil Engtreering Sufiding -

University cf IlPnois at Urbana-Cha ;aign
Uttata. IL 6'201

ta:e of Stet.*: C:::ter 4. 1937

Marital Sta::.s: Parried w::h 2 children-

1 .

Citi:er.snt;: Natural E:rn - U.S.
,

'

Eh:::4cn '

Ph.D. 1963 Unive si:y f Illinois Maj:r: Sof t Fechar.1:sUrtara, Illincis
Foundations

Miners: Geology
Theoretical and *

Applied F4caanics
M.S. 1950 tr!ve-sity of Illinois Civil Engineering

tr: anal 1111 acts -

8.5. 1959 University of Illinois Civil Engineering
Urbara. Illinois

7:si t: s Welst

Se::e-te- 1970 - Preser.: Professor of Civil Engineering
University of Illinois-

Septerter 1963 - Septer. der 1370
Associate Professor of Civil Engineering
University of Illinois

fe:te-:er 1965 - Septe-ber 1968
Assistant Professor of Civil Engineering
University of Illinois

Septe-ter 1"63 - Septerter 1965
1/Lt. U. 5. Army Corps of Engineers
Research Engineer U. 5. Ar=y Engineer
Waterwa<s Experiment Station

hne 1961 - Septecer 1963
Research Associate
University of Illinois

kr.e 1960 - 5estecer 1960 Engineer. Shannen 1 Wilson
Soil Mechanics and Foundation Engineers
Seattle Washington
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Alfred J. Hende n. Jr. .-

I C "'ces Feld a-d c:rer erryi:es :3 37:r,,3 e.33 , eg,t,,s4
.

! (1) Wer of t"e Research Cc ::it,ee of :.:e Soil Pechanics and F-
Divisten of : e A erica Scciety cf Civil E:Sineers (1957-69)[mda

t-

(2) ye-6.r<g*' c..--- -.

kii'and dsis- {|7{ cf 6- it:ee :-ta. A5m. pre;er.ies of5
|

(3) Co-cairman cf Pa el en "$:ress 1.' ave Prepa:aticn is Sotts " - a

N ,$,gu' ~
.s r " ' " * * * M'*IC8'-

,

n$ an e- -j$ gf1 g, [,dY ,

" *"er e on a --

s:cescred by :Me Scil rechanics aad"FC - - - c , es .
American 5ccie:/ *f Civil r,.,. ters. x.r.F..4-Qs Mu ica cf tne

,

*- s
. .ns: i,u.

C.. Y$r s en r= k me-hanics to Metre;clitan Section* *

:.

.s. tr$; oures on ruk etchanics to Metre;clitan See: ten - '
.

;
(7) Sete ed to g

New YECl!$jve a lect:;re on " Field instru..entation is t% cesi
'

ha*y'{ Nares in Rxt." retrepeti:aa Section. ASct,(
,

(S) Panel se-ber on " dynamic Loadings and Ceferentions." 5essian for
ASCE. Sct) Fechanics and Fcundaticns Olvisien Specialty Cc:ference . ,

os " Lateral 5:resses in the Gr=r.d and the Design of Earth Re-
tatning Structures." Cornell University. Jur.e 1970.

fs

(9)
Me'ter of Fanel en "Cefs-matic- v dulus of Rcck Four.dations." Asi?!e

, Sp;cslua en Cefor:atien dec;erties of Rock. Cenver. February 1969.
[

~ (10)
Selected by MSF as one of the U. 5. Members to eschange meeting with
Ja;anese Engfreers on the Tosic cf Greand Mc:fons produced by
earthwakes. U. of California at Berkeley August 1963.

(11) Mer.ber of Coceittee on soll Dynamics. Soil Mechanics afvision.AS E. 1970 - presert.
:.(12)

Pecher of Publications Comit:ee for Jcurnal af the Soil Mechanics
and Foundaticas Division. AS E.1970 - present. ,

. :

0
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- Al fred J. Henar:n. Jr.

( -

ba 4:les of Ferd: fe, E.:feee 'ne and Et-:neuake E cieeerine Ex:erieace

1. C:nsultant to Willies 3r::hers C:nstrue:f on C= :any on sicpe
statility se::le=s e ::;n:ered in c:estructica of the Trusedean
Pipeline in sea:*.ern Cole =:ia. 5.A.

t

2. C:nssitant to '.*::dwa-d-Clyde ed Ass:ciates en the Fcunta:1:n Casign
of Cavis-Besse 3,, clear Kea:::r f:r ear.hquake 1:adings.

3. Censultant as an assccia:e of Dr. N. M. Newmark, on the foundations
for a 40 5 cr. i.uilding in Va..c uver. 8.C., designed for earthquake j &g.

-

dIcading. e

4. C:nsultant to Vater.ays Experir.en: Station en the Earthquake
. y:'ig

Stabilt:y of Cam 51:;es. J4;d
'~ ~

5. Censultant to H. G. Acres !.:d. on Seis=ic c:nsiderati r.s for
Nuclear Retet:r Fow-cati:ns as a part of a study for 6 New E gland
States en Proje::ed 7:e Neecs.

6. Censul: ant, as an associate of Dr. N. M. Newnart, to the Divisions
=f Rea:::r Licensing and Reac::r Safety of the At:mic Energy C:=fs. .

sion, on the adecuacy cf nuclear reactor foundations te resist

(, earth:;utke leading. Se;tecter 1957 - ; resent. The fc11owing is a
list of the A, clear Pcwer Stati:n Foundations. reviewed during this
time:-

Ft. Calhous Arnold
Cooper Pilgria

- Surry Crystal River
Shoreham Prairie Island
Salen Farley
Rancho Secs Calvert Cliffs-

Diablo Canyos Oconee
Secucyth Irdian Point
lia:ch Bailey
Brunswick D. C. Cook*

-
Iewaunet Zissner
Fitz;atrick 3 Mile Island
Ferst Russellville
Turkey Point Easton
Bell

7. Dynetc st: bill:y assessment of 3 TVA dass subjected ta desip
earthquakes. *1

.

.
(- .

.

h
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Ex:erier.ce en Cesien of Pr:tective 5: >ctures and '!cclese Effects
f w

- '

11.
Consultant to TRW Systems. Redsado Bes:h. Califcenia en Cyna:ic 4
5:11 Prc;erties pertinent to the hardness of tne Mins:ecan system. 4-

. ,

i .
' * ;2.

Fresently ceeter of a panel in test. c' Ce*ense to review design t

of all Safeguard Strue:ures for Vulnera:ility and hardness. 71

1,
3.

Consultant to 0 aha Cistri:t Cer:s of Engineers on the c:n- #
4 struction of ur.dergra.nd pr:tec:tve structures in rock. i-g'. 4

Consultant ts Air Fcree Spa:e and Missile Systems Organization E
on Har: ness of Minu:can Structures as an associate cf Dr. N. f

'

) M. Neumark. j
'

5.
Consultant on prebics in soil dynsmics and r::k re:Fa':tes to the
U. S. Ar:y Engir.eer Wa:erways Ex;eriment Static.t. Vicub6rg. MI.

[6.
-

A necher of the "Cecoupling Advisory Gr:up" fer ed by the Cefense q-4

A::mic sa:; rt Agency.
Res;cnsitility is to c:.: ent en ststility hj

pr:ble s wich might he enc:antered in building undergrcund cavities
k_.

-

M
100-350

ft in diameter and to give the shear s:ree;;h pr::erties of
.

rock masses which are ie;criant in detersining tne de::.pling charac. g;,

. teristics of cavities over-driven by the detonation of a nuclear device.
.

.

/ 7.
Received Army C.=mendation Medal in 1965 for resresenting the Chief(
of the C ;rs of Engineers as a consultant to the Norwegian Gcvern=ent

-

'

and NAID on the engineering of large underground facilities.
h*

1
.Recent Publications 3

-b,
-

'

i.
"The Behavior of Sant in Cne-Dimensi:nal Com;ression." Ph.D. Thesis. UT

of !. Cest. of Civil Engr.. July 1963; "The Cynamic Stress-Strain Relations
-

V='
-

for a sand as Cedu:ed by 5:: dying its Shock Vave Pr::agatten Characterts:tesin a Laboratsry Cevi:e." w/T. E. Kennedy. Proceedings of the 1964 Army Science-

*

Syccosi:ss Vol. II. West Point. N.Y.
hne 1964; " Static and Dynamic Con.

.,
*

strained Moduli of Frenchean Flat Soils." with M. T. Davissen. Proceedings*

Sept.1964; * Damage to Model Tunnels Resulting from an Emplosively-Producedof the 5pposium on Seil-Structure Interaction. Univ. of Arizona. Tucson. Arizona.
-

' *

Impulse.' with G. 5. Clark and J. M. Strange. U. 5. Army Engineer Vaterways
'

=

Experiment Station. Vicksburg, Mississipoi. Research Report No.1-6, Report 1. May 1965; 'The Dc:ign of Surface Construction in Rock." w/D. U. Ceare. F.
D. Patt:n and E. J. Csrding. Ch. !! in Failure and treakage of Rack. American

.

Inst. of Mining Metallurgical and Petroleum Engineer.1967.~

N. E. Auld, ;p. 29-47. Proceedings of the International Symposium on WaveSoil Properties on the Attenuation of Air 51ast-Induced Ground Motior.s." with
"The Effect of

,

I
Propagation and Dynamic Properties of Earth Paterials. University of NewMexico Pr:ess.1963.

" Mechanical Properties of Rock * Chapter 2. pp. 21-53
of the bcok "Reck Mechanics in Engineering Practice.* edited by K. G. Stagg''

and O. C. Zienkiewic:. published by John Wiley & Sons. Lendon,k 1954. 442 pg.
-

, 3
!
.
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A;fraf J. hendren. Jr..

h.
( -

" " yra .ic EePavice of Rack Masses.' with 5. E. Arbraseys. Chapter 7, pp. 2 3-
D6 of the tc:k " Rock Pechanics in Engirdering Practice" edited by (. G.

6 1:259 and O. C. Zienaiewic:. ;.blished by J:hn '.11ey am: Sces. Lonc:. 1953
c:2 pages. -foundatien Ex;1eration for Interstate 22: Bricte over '.ississi;;i
liver near Rcck Island Illinois." with J. C. Gar:1e and G. Way. Prc:ee:ings
:f tre Twe-tiete AnnLal F.ig ay Ge:ic;y Sy :ssie. University of Illin:is. 3

E ;ir.eerin; Es;eri nat Stati:n. Ur:ana. 125 p;. "C: :ressicility C':ars:: eristics ]
af Shales ressured ti Lateratory and In Situ Test:." mith G. P.: sri. J. C.
Ge-ble and G. Way. os. 137-153. ASTM Special Technical P6blication 477. I

'

: *:ete-einati:n of th In Sita Pod 41us of Ceforation of Reck." June 1970. "Acck*

E ;ireering f:r Unde :r:urd Cave * s.* with E. J. Cording and D. U. :eere* *

! [*n Patli:stten. ASCE ?coceedir.gs of a Syr;:sius on tm Design of Large
"D namic 5:stilityEndergreurc C:enirgs. 7xenix Arizona. February.1971). i

:f R:ck 51:ses." with E. J. Cording. (!n Pus 11:ation. Prectedings of the 13th
.

*

I,. ::siu:n en teck Me:hantes. Univ. of Illinois.1971). " State of tre Art of-

I:':-G-:und T6rneling." wits R. B. Peck and B. E:hraz. Pr:ceedings cf the 1st?

.' s:rth A erican Rasic Excavation a-d Tun.eling Canference. Chicavo. Illinois.
- kne 5-7.1972, A!ME,1972. Es.159-286. " Specifications for Controlled

I'.ast:n; in Ctyt1 Er.gir.eerin; ?rsfects.* with C. L. Criard Prc:eetings o' "e
is: Ner:n A. erican Ra;id Escavati:n and Tunnelig Conference. Chicago,111tncis.
Lne 5-7,1972 AIME, pp. 1555-1510.

.

Censuittne Ex:e*ian:e Cirectly A 311 cable f:e the Cesian of La*ce '#de-ce: 94

( rs :ers f:r 5:: race ,

1. 1371-cresent: Consultant to Gulf Cil on 4 large undergecund charters
for storage of gas. Fannett Cces. Texas.

2. 1972-sresent: Consultant ts Dome Petrolem en the use cf salt caverns
in Windsor Canada for gas starage. Caverts in Jervice now, status reviewed
3 or 4 tic:es a year.

3. C:nselta".t to Mcrt:n Salt en c:ntrol of salution mining in the fcllcaint'

brinefields
Port Huron. Michigan
Rittman.Chio
Nutchinson, Kansas

4. Consultant to the Solution Mining Research Institute on subsidence and
cavity stability

Re:cr: cs a study of sinkhole development above cavities in two
brinefields ano discussion of means for detecting this tahavior
sufficiently in advance to prevent such behavior.

5. Consaltant to SASF-Wyandette. Wyandotte. Michigan on control of sutsidence
and prevention of sinknole formation above cavities in bedded salt.

,

6. Consultant to Cuke Power Co. on current design of lad Creek underground

( pcwcrhcuse.
-

.
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5 Alf ed J. Hendron, Jr.
,

:

'[ 7. Pa:t consaitant to British C:lue,ia H;te: s t'setty on stability of thea

Portage 'Watain Unda ground Powrhause. (95 ft span.1:03 ft 1cag.183
-

fthigh).
,

8. Cor.sultant to turton Salt en the possible use of the Silveisprings brine
.

field for sas stcrage.

f. Censultant to U. 5. Cesart snt of Defer.se :n e:ny ten:1s and u-tars cu.-d
chae.ar: at tievada Test Site.

-i ,

10. Past consultant to U. 5. Corps of Engisters os the use of large underground
structures in rock for protective constructics. ? <rr*

'

1 11. Consultant to MTO and iforwgian Goverrhant la 1945, as a Cor;: of Engt ter
)M..

''

officer, on large underg mund cha-ber c:nstri.:ti:n. Recein e Army
co=rendation swdal for this assig .ent..

! .J ,

;
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NAME: Ralph 8. Peck '
-

, ,

(OUCATION: 5. $.. Civilitngineering
,

:
Rensselaer Polytechnic Institute

.

O.C.E.
Armsselaer Polytechafc testitute

- '

j

Post-doctoral stadies. Engineering '

Marward university
J* ;,

', Pilortsst0ML e
111tneis: Structures and Professional tastecer (1942) J *LLICDISts:

'

Moeber.1111aeis 3tructurai lagineer taseta1og Seerdsiace 196g %,

'

Name11 (1954)
,

; Califerefa (1963)
.

.J-
FilWl:

salph 5. Peck - Civil Engineer: Geotechatcs (1975-Preseet)*
i

(SecAtal Coasvitant)
CIPERIE1CE
and WAI.!FICAT!0sts:

M.

45 Years: Internattenelly known conssitaat en fouadation and( stability condttiens Per tunne!s. heavy leaded
strectures, and setways. Former professe.' of
foundetten engineering at thifversity of 111tnets. ..

Sr. Peck is the aether of more than 70 technical
putittattens dealing vttA foundations, earth
pressures. tunnels slopes, efrtadams, etc. lit

'

tellatereted on $sIl Mechanics in_tagineering
''

Practice, Foundauen par;mr . . -ane-

Taeory to Practtee f a SotI~Neceanfg. gggla 1g44e

he ses awareed tne aereen Medal af tAe American
* ,

Sectety of Civil taginaars.

1930Jresent: 3r. Post is an faternettenelly known sensultant
specialtalag in set 1 anchantes and foundetten
oogineering. Me nas f avestigated bracing systems
fer seen cuts fWe t@ mays and deep escavattens and
het served as conseitant sa 14 dass to the United
Statas. Celestta. Puerto Ries. - 11. Costa Rica
British Calweta. New trwassf at. The Philippine . -

Islands. Canal Zene. and troces.

Professer Pect has been a esmber of the boards of
censultants for flesible poving destgn, ptse cover

-

studies, the Garrisen tem feet tunnel.feWttsas
fte the Savannah River projets ,tynamic asti testing.

~

Linesin AFS aissile sites fer the Corps of Eng1asers,b

-_ - --- - - .-
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Me ha also wrted an efense projects for the Rand-

CorSeration, tne Ramo-Wholdridge Corporation, and
the Aertspece Corporation. i

1950-1975:
For tnenty-five yeen. Br. Peck taught on the' college

-

~-

level.
He was a lecturer at Illinois institute of

Techne'ogy, toen assistant prsfessor, associate pro. -

fessor. and professer of founcation engineering atUnivenity of Illinois.

.
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Docket Nos.: 50-329/330 -

c

f far:e, I
'

r. a. w. Co =
Vice President

.

i
Conssers Power Concany '

19t5 best Parna11 itcao
Jackson. Michtgan 49201 '

L-

Deae F.r. Cook:

SUBJE;T: REWEST FOR AO:ITIONAL INFOR*ATION RE3AA0!NG PLANT FILL [
We have reviewed pur responses to our requests :' ioverter Ig.1979
regarding the quality of plant fill, effects anc reredial actions result-
ing therefrom. Our review is being performed with the assistance of the
U. 5. Ar7 Corps of Engineers. We and they find that the results of
additional explorations and laboratory testing identified in Enclosure 1
(Request 37) are needed te swepert required geotschnical engineering
studies. Details on the estent of these studies will be provided shortly
by sesarete correspondence. Enclosure 1 is provided in order that you may
initiate planning of the required espierations in a timely manner. Moe.
ever we suggest you aweit receipt of these further details prior to
physically beginning the emplorations. Enclosure 1 (Footnote 4 of Table
37-1) also includes recuests for advanced nctification of the availability ,, 4 s

J ,, [, . *.of certain sariples. ,

f .,4 M
'(* **f

As noted in our Request 37 of EnclosNI. your position in previous
. . . . ' -responses to Reevests 5 and 35 not to cas9 ete additional esplorations.1 1

sa pling and laboratory testing after proloading continues to be vascces3,, P t ,# $
4able to us.

So that you might better oderstand our position, we offer [y
of e , . -

-

the following observations: / ;. ..~ <,
sb ,

'7 , s ', s. - :N) The preload program as caneleted en the heta s material
.

- *

h
. ,e .- ,

which were placed for the purpose of structu is not # .g . :

,-|-

necessarily an isprevement. nor does it necessarily produce enda ,,,, ( p,

tion soils of more uniforic angineerine orecerLies, compared 4o he '', e j. r
''

.- .. 1
k d. sejl.performanci wnten wTuig Bartresultad if the esterial/hed been

4 reserly cospectea'trtfidetginal requireneo ' HtatistWTW Se. y e. ' *p-
* Ridland P$AR.

4* -

.d
tp '4 7

%g, 3<. To deveio, reasonabie assurance of ,iant safety, the re.uired studies
- if.are needed to ser.e .. .. -. v.rifimimeubuticetion. -

.

$ of future settlements and the conclusions of the preload program.'

(?AAh I ("7 A / S./-|
' O V V {/ u "' * G /
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IW, J. W. Cook -2- 2 3 0 1580

f t* * )~'

MI required studies will pemit an estimate of total and differenttah,' p *#
e

. *

I settlement for involved structures and system following drawdown /',,[/ '
# with the proposed pernenent dowatering system. , ,

. . . s)
Certain aspects of the preload program, such as the complication e .' . ,l. -

(4) introdded by the simultaneous raising of the cooling poed reservoir. I,'. ' ..j ' '
.

-

g j
prese9t difficulties is our full acceptance of your conclusion of the ,, ** iV
preload program.

Enclossre 1 also includes other requests for infomation which we and the
U. 5. Army Corps of Engineers need to continue our review.

We would a:oreciate your ressonse to Enclosure I at your earliest coportartty.
A cartial reply based upcn cata already available should be sutrittet
rather than to await the resalts of new borings and tests contatoed in
;4rts of Enclosure 1. Should you require clarifications of trese requests

! sad pcsitions. please contact us.

$1ncerely. -'

' g.

A. $checcer, Acting Chief
Licensing Iranch no. 3
livision of Licensing

Eacios.re:
As stated

cc: See nest page

-

%

- . _ . .
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cc: !ictdel I. I licr. f54
Iskan, Lince'n & Peale
Suite 4200
1 First Nattesal Pts 4 .

,
,

Chicago. Illinois 6303'

'
Judd L. Eacca. Esq.
Managing Attteney
Corsunrs Po ee Co :any
212 West MiC"igan Anc%e
Jackson, Micnigan 49201

Mr. Paul A. Perry. Secretary
Contunes Pc.ee Cciany
212 West Mic*igan Aieave
Jacksoa. Michigan 49201 .

( Yjron R. Cherry. Esq.
t 1 ILS Plaza

Chicago. Illiaots tMll

Ps. Fary $inClair
$111 $werset Drive
Midland. Mtenigen 48640

frant J telley, (sg.
Attorney General
State of MicP.igan [e irenatatalv

Protecttoa Division
720 Las Ist1 ding
Lansing. Michigan a8913 .

Fr. We-dell Parshall
# cute 10 .

Midland. Mtchigan 4!640
-

| Crant J. Merritt, tse.
Theatsen. Nielten. Elaverkeep & Jaws
4444 105 Center

*80 South tighth $treet
j Minneapells. Minneteta 55402

*

.
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cc: Co.rander, Na.a1 brface k'eapons Center-

ATIN: P. C. Huang
G-402

-
-

Idhite Oak
$tiver Spring. Maryland 20910

Mr. L. J. Auge Panager
Facility Cesign Engineering
Energy Technology Engineering Center
P. O. Box 1449
Canoga, Park, California 91308

l Mr. Wl111am Lawbead
U. 5. Corps of Engineers
NCEED - T

-

7th Floor
477 Michigan Ave ae
Cetroit, Michigan 48226

i
' .
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e

e
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Enclosa.re 1
.

.

'

ACDITIO ML REQUESTS RE9:0:% et e.? ritt

36. . He have reviewed your response to Request 24 and find that
'

information.from additional boring logs is needed.

Provide the boring logs for the follaming emplorations:
a. Pull down holes P9-1 thru P0-27 (35 holes that include

8A. 204. 208, 20C 15A,155,15C and 27A)
b. LOW-1 thru LW-14 (14 holes)
c. TW-1 thru TW-5 and PZ-1 thru PZ-48 (55 holes)
d. OW-1 thru OW-5 (5 holes)
e. TB-1 thru TElH (8 holes)

.

The logs should include date and method of drilling, the type and
location of saroles attempted. Also provide the locations, bcrimi
logs and available test data of any emploration caseteted in 1979
and 1980 dich has not yet been suintitted.

37. Your position in previous responsss to Aeguests 5 and 35 not to
(RSP) complete additional emplorations, saspling and laboratory testing.

following the preland progran continues to be unacceptable. We
require that you corplete as a minimus, the emptoration and test-
ing progran indicated by Table 37-1.

38. Discuss ther foundation desipi fo? any seismic safety-related piping
and conduit connected to or locited under the Raenaste Butiding and
Turbine Building h piping a.ad conduit have been placed on plant
fill.

:*

*
t

.*

,

t

.

6
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Teble 37-1 (cen W W i :

ac E3: %
{-|.

N h
y See attachee Figs. 37-1 and 37-2 (or acorsairate boetag n

Obstractions, undegrsnd pt;ing and Conduits and Sie ry trenct
,, J.' focation. nafes ta he accurately Tocated in t>e fie?d to avete -

yr ,.

arte.
-

4:

g h boring is ta be tersinstad 18 loose or soft SofIs.

g Contimsous s3 lit saoen saPCIteg asing $77 is reeutret. %Ies are ;5I
to be %Id a:en ustag eit?.e* casing or %1 Tom s:ce age. Acd'tiem41

'

;
borings to entain representative ur::ista ted sarsies for driatied %
1ateratsry testing s'iculd be located at the cesitti:n sad e'evat'ta j if
of C3e sD11t sacen sF911mg pr: gram. The greuwte* 1evel sa a's .

i

be rec:rded at t'te cystation of drilling to all bortegs orte !?e 1,

level nas stacitized.
: +*h.

af Mormai cTassification (e.g. grecatics. Atteeteg Li=its) wett met;* I ~7
and noistare contact testing to se perfor ed on re:rese-tat *.e srs'es :;, -i
fryi each significant fourcat:cs Tafer. Th s colwer secta'as to las P . 'W
testing 11 aedit13R 13 the about meetiseed tests. !* is frLested

'*

t3at at least one meet notice be presided ta the nac before caesing '. $
undistarted sapgles to Dernit en site visanal abservation by Carpi -

1
of Engineer reeresentative. :v

5/ The rustw Toad should be great enough to establism tse st'aight-liw
i4Aportien of tae void ratio-Wressure carve. 4.

| j/ Details on tPe entrit of gestecwical eqinee-iq stactes is be If
'

f* g comofeted using t.% result. of field and feb testing =crt will f,y ',i
S be provided in a separate letter. | . . ; ;;;

V'", '
.

.
.

>
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) Docket Nos.: 50 329/330 :t
**.'2.

:.:. uri

*C 1:ts ;*.13
i
'

ler. J. W. Cost
Vice President 0.r:.; !'.16F..e 2
Cesweert Pouer Cor'cany Oc: for.trd
1945 hett Pernall Road .T tsers
Jaclison. Itictitgen 49231 Kar; '.'e. *zer

:t" :::

: Dear Itr. Cast:

SUBJECT: CC4P OF DGlalIR5 REPCAT ANO f(Ctt$f FOR ADO!TIONAL InFCarAT!04
! Oli Pt.AET FILL

i My lettee of June 30.198C requested the results of asetttonal saplorations
| and laboratory testtag needed to twoport certain gootecutcal engineering
i stWiet on the Pldland plant fill and assectated resettal actions. That

letter noted that dotat1s en tne estent of t'ese studtes would be provided
by sepacete cerevisondence. Inclosare 1 is a letter resort of July 7.1900
tj ewr consultant. tme U.S. Army Corps ci Engtasers, ad ts forwarded te;

' th.8 end.

Paragreat e of the Corpt "Joert ideettftet odfittonal Infor"'atten needed te
' retelve speciftg praelens tde9ttfled in paragrson 3. For purposes of can.

'

trol. se have re #wrtered the substragreses of paragraph 4 to be sequeettal;

with our prior esquests on (All retter. TMy neve also been norted to
reflect tne retetts of thee restew. Your retly theeld refersece the rtviled
n.reering syste* sad showld adertil the reqwelts al sorted to reflect our

i changel. '

-

I Sutocragraph 4j of tse Ceret evoort entitled Ltquefaction Peteattal, is not
i tacluded in sur re.nwreering stace it represents se eve 1wation rather thens

| | 4 regwest. las Cantider tAtt evolustion to be tentative at (Att itse stece
! It la letject to the detafeinetten of tuttable nelleic detty taput for the
j lite. ide will aedetts this setter shortly by tocarote Carettpondence.

i ;

.

I

1

. " * "' ~
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Mr. J. W. Cook -2- AU3 4 IN3

tie would a:smciate your reply at your earliest oocertunity. Should you
' nets clartftcation of t4se retas:s for additional inforretion, please

contact us.

$1ncemly.
.

), . shwax1. -
.

,

'
A. Sc.wncer. Acting Chief
Ltcensing tranch flo. 3
Olvision of Licensing

.

Encies.re:
COE Letter 4 cart
dated 7/7/!3

cc: See rest ; age
!
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cc: r:c*.ael 1. Miller, Esq. .

Isham, Lincoln & Beale
fuite 4200
1 First Netional Plaza
Chicago, Illinois 60603

Judd L. Bacon, Esq.
Fanaging A::orney
C:nsurers F:mer Co-pany
212 West Fichigan Avenue
Jackson, M:chigan 49201

Fr. Paul A. Perry, Secretary
j C--seers Femer Cc ;any
1 212 'iest M:chigan Avenue

Jachsen, M chigan 49201'

$ron F. Cherry, Esq.
I ISP Plaza
Chicago,11tinois 60611

,

Ps. Fary 5 nclair
,

! 5711 Sce-set Crive
Fidland, F :higan 48540

frack J. ref f ey, Esq.
Attorney Ge tral
5: ate cf M chigan Environ etal

Prctectim Otvision
7.'O Law But! ding
Larsing, .*:ichigan 48913

Fr. Weadell Marshall
F:ute 10
M cland, N :higan 45540

-

G ant J. Perritt, Esq.
&c ;sen, N'elsen, Klaverkar; 8 Jafes
4444 105 Ceater
60 South Ef;hth Street
M!nnea;cils, Minnesota $54C2

,

w.. . _ _ . . .
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I 'r. Ce9 var Far:.a. :*.tef
01vis en of 74: :':; :2! 6eal:n
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:. 2. Ben 33:15
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g ,
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t 3Ctzs -

SUBJECT: Interagency Agreement No. !stC-03-79-167, Task No.1 - Midland Plant
Units 1 and 2, Sebcask Es.1 - Letter Iaport

THEU: Division Eng'ineer, sorth Central
.

ATTN NC3ED4 Qanes Simpeen)

.

TQ: U.S. belear Regulatory Cammission
ATTN: Dr. Robert L Jachsee
Divistos of Systema Safety
Mail Stop P-314
uashington, D. C. 10553

The Detroit District hereby submits this letter report with regard to1.
coupletion of subtstk so.1 of the subject Interagency agreement concorsing
the Midland Nuclear Plant, Units 1 and 2. The purpose of this report is to
identify unresolved issues and aske recommendations on a course of action
and/or cite additional inforantion necessary to settia these matters prior to
preparation of the Safety Evaluation Report.

2. TSe Detroit Distriat's team providing geotechnical engineering support to
the Inc to date has ande a revies of furnished documents concerning
foundations for structures, has jointly participated la briefing meetings with
the NIC staff, Consusers Power Ccapany (the applicant) and personnel from
North Cenersi Divistos of the Corps of Engineers and has ande detailed site

The data reviewed Laciudes all documents received throughinspections.
Amendment 78 to the operating license request, Ravision 28 of the FSAR,
Reviston 7 to the 10 Cy110.56(f) requests and MCAR No. 24 through Interia
Report No. 8. Generally, each structure withis the complex was studied as a
separate entity.

A 11sti:3 et specific problems in review of Midland taTtT 1 and 2 follous3.
for Category I structures. The issues are unresolved in anny instances,
because of inadequate or missing inforestion. The stractures to be addressed
fo11cw the descripties of the pestles.

Inadequate presentation af subsurf ace information free completeda. A2.1 structures.berings on seaningful profiles and sectional views.

- :-./ ) (7 + n A }[ A-v o g pn w w
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St L'ECT: Interagency Agreement No. NgC-03-79-167 Task 3o.1 - Ptidland Flast
Units 1 and 2, Subtask so.1 - Latter Repo.t

4
,

'

b. Discrepascles betvaan soil descriptions and classifications se hori=g ~

logs with sub *.eted laboratory test res:1:= ausmaries. Esaspies of such
discrepa:cies are found in bori:3 T-14 (Scrned meer tank) which shows stiff

, ;to very stif f clay where laboratory tes:s .adicate sof t clay with shear ;strength of only 500 p.s.f. The log of bori=g T-13 shoes stiff, sil:y clay,
while the lab tes:s show sof t, clayey sa:d with shaar strength of 110 p.s.f.
All stnctures. '

,

|

Iack of discussion about :be criteria used to select soil samples forc.
'

lab tes:1:3 Also, identification of the basis for selecting specific ulues
for the vartoes parameters used is fouadation desigs from the lab test
results. All struc: ares.

d. The 1: ability to completely ides:1fy the soil behavior from lab
tes:ing (prior to desigs and constructicc) of individual samples, becmse is .

ge:eral, a:17 fis41 tes: values is suman.y fors have bees pesvided. All
s::ve: ares.

+

(1) Lack of site specific information is estiasting allmeble hearing
9press ure s. Daly tes: book type 1: forms:1oa has bees provided. If necessary,

bearing capaci:7 should be revised based on lates: soils data. All structees
os, or partially on, fill.

(2) Addi:ic:a1 informs:1on is needed ta isdicate the desigs anthods
used, design assu=ptions a:4 cosputations is es:tzs:ing se::lement for safetyI
related structures and systess. All strac:ces az:ep: Diesel Cecerator
Build 1:g where surcharging uns performed.

A complete detailed presentation of founda:1os desigs regardi:ge.
re sedial measures for strue:ures undergoi:3 distress is required. M oss of
remedial sessures ex:ep: Diesel Generator Building.

f. There are isconsiste:cies in presentation of seismic desigs
information as affec:ed by changes due to poor compaction of plant fill.
Respo:se to NRC question 35 (10 CT130.54f) indicates that the lower bound of
shear wave velocity is 500 feet per second. k*e underassed that the same
veloci:7 vill be used to analyse the dysanic resposee of structures built os
fill. However, from information provided by the applicant at the site aseting
on 27 4 d 28 February 19f0, it was stated that, except for the Diesel
Generator Building, htsber snear wave velocities are being used to re-evalan:e
the dynasic response of the structures at fill sa:erial. Structures os fill
or persially os iill except Diesel Generator Building.
4 A listing of specific issues and inforantios neceseary to resolve them.

3 f, . Isactor Building Toundation

(1) Set tle1est/Consolida: ion. Essis for settienest/consolidatica of
the reac:or foundation as iiscussed is the TSAA assenes the plaat site would

2

e

|
_ _- _ _ - _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ - - _ _ - -
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not be devs:eraf. Discuss and furnish camputation for settlement of the
3aa::sr kildi:gs in respect to the chac3ed noter table level as the resul: of
si:e deuataring. I:clude the effec:s of bouyan..y, dich were used is previous-

calcula:1o:s, and fluctuatioca in un:er table di:h could happen if the
desa:eri:g sys:ma becaan inoperable.

(2) Seari:3 Ca;acity. Bearing capacity computatiosa should be
provided and should include sothod used, fou:datios design, design
assa:p:1:ss ad:pted scil properties, and basis for selecting ultiaste beari:g
capacity and resulting factor of safety.

%.[ Otesel :eceratar kilding.
(1) Settlement /Osuselidation. Is the response to ERC Question 4 and

17. (13 CT153.5-f), :he ap-licas: has furnished :te results of his competed
se::lems::s due es varia:s kinds of 1:adi_g condi:i ns. Tros his expla:atina
of the resmits, it appears that comy:essibility parameters obtained by the
preinad tests have been used to cogute the static settleensts. Informatise
;ertaici g :s dy azic respose including the amplitude of vibration of
ge e:a::: pe'estals have aise been fur:istad. he observed se::lem:t pat:ar:
ef :Me : esel Ge: erat:r Suildi=g 1:dicates a direct correlation with soil
ty;es and pt:perties withis the backfill m:erial. To verify the preload test
s e:: lese:: p:ed::: ions, campste set:1emen:s based on test results os sa.ples
ft:. new hert=gs dich we have requested is a separate meno and preses:' the
result s. Itaf=ced 3:susd i=:er levels resalting fras deuteriss and diesel
pl.s seis 1: viiration should be considered in settleenst and seisait
a alysis. henish the c=spu:ation details for eva12a:ing a=plitude of
vihrs:Los f= diesel ge:eratar pedes:als 1:cluding messitude of exciting
fer:ss, tetter :'e7 are cces:an: or freq.ancy depesde:t.

(2) Searing Capacity. Applicast's resposse to IRC Question 33 (10
07111.54f) rela:ive es bearing capaci:y of soil is not satisfactory. Tidure'

35-3, stich has been the basis of selectice of shear st:ength for computing
beari:g capa:ity does not ref*.ect the c5 aracteristics of the s:ila under the.

:1esel Ge:erato: 3cilding. A bearing capacity computation should be sut:1::ed
based on the test resui:s of samples from sew bori:gs Wich we have reques:ed
is a separate meso. _*his ir.fsrzation should faciude anthed used, fsandatics
desig. assu:;:1:ss adsoted soil ptsperties and basis far selec:Lon, ultim:e
beart:g ca;4:1:7 a:4 resal:1=g fae:or of safety.

(3) F:sised Iffectivesess. The effectiveness of the preload should
be s:2 died 4th regard :n the noistse contest of the fill at the time of
p reloadi.3 The height of the unter table, its time duration at this level,
a:d Ae:5.er :he ;; ant till was placed une ar dry of optiman would be all
is;or: ant c :eide a: ions.

t 3

_ _ _ _ _ _ _ __ . _ _
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! (a) Cranular Soils.

When sufficient load is a; plied to gramalar soils it usually causes a
reorienta:Los of grains and anvensst of particles 1sta acre stable positions

| plus (at high stresses) fracturing of particles at their points of contact.
Reorien:ation and breakage creates a chain reaction among these and adjacest
particles resalting in se::lenest. Reorientation is resisted by frictics
betwen parti:les. Capillary tension wculd tend to increase this frictisc. A |

| saisture increase causisg satura:Los, such as a rise is the water table as
,

j
occurred here. would decrease capillary tension resultiss in more compac:1os. : ;

Fresent a discussics on the wter table and capillary water effect es the p |
gra= alar por:isa of the plast fill both above and hiov the water table daring L

and af ter the preload. j;

(b) = pervious and/or Clay Soils.

l I
Clay fill placed drv of o;:imus ould not ess;act and voids could j

exis: betwen particles and/or chais. In this situation SFT blow comics
woulf Sive aisleading information as to strength. Discuse the raising of the |
meer table a.4 deteraise if the time of saturatios es long enough to i

sat. rate pos sable clay lumps so that the consolifa:i:s emald take place that i

would preclude f urther settlenest.

Discuss the pre: sad effect os clay se11s lying aheve the eter table
(7 feet ;) that were possibly coupse:ed dry of opti=es. It would appear only
li=::ed :ossolida:iss from the preload could take place la this situation and
the poten:ial fst fur:her settlenest wesid exist.

Discuss the ef fect of the pre'oed os clays placed wet of optimus. It
vou'.! appear esssalida:1cn alssg with a sais is stre:gth weeld take place.
Dete .. ice if the new soil strength is adequa:e for harias capacity.

Car .a .:e " 3' ce .e ella .11' o ami i- fil'an/ .act' s it r- ianbbb
i er* is ad ti a; * .in a to .s de* -- 2 it r .io Jan .ar

C*vtreJ &yder .:7 . sis 4r :en at des 3r olid . ton top :s:* s) s'a v . . .

a . s .e .n .ti a .es: ' 2!! pp : to e si ble a or er t (e/50/ftr
a:' fa sr .y . ave the 3 q- s a. ar' gs ?.ou be ett ou push beffg>

-r .11 ar dc .e s i 1 ;l ta' s.

(4) T sc ellane ous. A contoor asp. shaving the settlement
configuratior, of the stesel Genera:ar Scildi:3. furnished by the applicant at
the see:its of 27 and 25 Tehruary 1953 isdi:stes that the base of the building
has arped due to di!!arential settlenects. Additional stresses will be
1sduced is the serizas components of the structes. L applicant should
eve 14 ate these stresses due to the dif feree:ial settlement and furnish the
comtations and results for review.

4

, , , , , ,
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N. [ Service lister A11 ding Foundation.

(1) Bearing Capacity. A detailed pile design based upon pertinest
soil data should be developed la order to more effectively evaluate the
proposed pile support systen prior to load testing of rest piles. provide
adopted soil properties, reference to test data on which they are based, and
method and assuspetosa used to estimate pile desigs capacity including
cosputattoca. Provide estiasted naalaus static and dynamic loads to be
impeted and ladividual costribution (DL,1L. CEE, $$1) es the assisua loeied
pile. Provide factor of safety agatast 'seil failure due to assimus pile lead.

(2) Settlemmats.

(a) Disensa and provide analysis evolmating possible differential
settlenest that could ecast between the pile supported end and the porties
placed on i111Aed l$ **isI iiII. D* seer 6r te s9esf ei fa;/**e en selefy refete)r

$enherL(e deareI /nef ettof**ege taseQ be4;g e,,
(b) Seveene 31scueste Wy NrkTafn.sg us11 adjacent /to the intake

*

structure is set required ts Q$eirsis Category 1 structure.sFtvaluate the
observed settlenest of both the service seter pumphouse retainind walla and
the istake strustare retaising tell and the sigstficance of the settienest
including future settlement prediction on the safe operation of the Midland
Nuclear 11 sat. This twel*ehe ebeeld aNeert netout st'verfor indeerut by 049
se rrtenest ageiert aHewshk strester pere:tned by apro**J endet.

(3) seismic Aaalysis. Provided the pr: posed 100 too ultimate pile
load capacities are achieved and resseeable astgis of safety is aveliable, the
vertical pile support proposed for the everhang section of the Service Water
Pump 5tructure will provide the support necessary for the structure under
eosstsed static and seisaic inertial toedin&s eves if the soil ieder the
overh.ang partion of the structure should 11(vefy. There is se reases to thisk
this won't be achieved at this time, and the app 11 cast hee caseitted to a lead
test to desenstrate the pile capacit/. The dynamic response of the structure,
inchting the inertial loads fer dich the structure itself is designed and
the anchanical equipanet contained therois, would change as a result of the
introductise of the piles. Therefore

(a) please suasariae or provide ce;tes of reporta en the dysanic
analysis of the str'seture is its old and proposed configuratios. For the
latter, provide detailed 1:formatica on the stiffness assigned to the piles
aad the way in which the stif fsesses were obtained and show the largest chaste
is interior floor vertical response spectra resulting frae the proposed
modification. !! the proposed configaration has set yet been analysed,
describe the analyses that are to be perforzed giving particular attention to
the bests for calculation er selectics, of and the range of auserical
stif fsess values assigned to the vertical piles.

(b) Provide af ter completion of the ame pile foundattee, la
accordance with coenitment se. 6, ites 113, Canausers Peter Ceepany asentsade

S

. . . . ___ _ _ _ _ _ _ _ _ _ - - _ - - _ _ _ - _ _ _ _ - - - - _ _ _ _ _ - - _ .
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1:aits 1 and 2, Sehtask so.1 - Letter 1eport

!

' ,

dated 13 !! arch 1930, the results of seasure:ents of vertical applied load and
absolute pile head vertical deformation Wich will be ande when the structural
load is jacked on the piles so that the pile stif fness can be deternised and
compared to that used in the dynamic analysis.

i

N.[a. Auxiliary Su11 ding Elettrical Penetration Areas and FeedsterIso. tion Valve Fits.

(1) Set:1eeest. Provide the assu=ctions, method, computatica and
estimate of expected allowskle lateral and vertical deflections under static
and seismic loadisgs.

,

(2) Provide the cuestruction plana, and specifications for
underpinning operations beneath the Electrical Penetration Area and Feedwater
Valve Pit. "he requested 'sformation to be sub_itted should cover the
fo1*owi 8 in suff t:1est details for evalua:isnt;

' iAr tempo *ery
Details of deuteriss systes (locatioes, depth, size and capacity

i (a) 4
of wells) inclu:iss the no.itoring program to be required. (for esseple,
measuring deswdows, flow, ir qwscy of observaticss, etc.) to evaluate the
perforsance and adequacy ed :N installed systes. .;

(b) Loca:ios, sectional views and dimensions of access shaf t and
drift :s and below auxiliary beilding wings.

(c) Details of temporary surfa:e s:pport system for the valve pits.

de> Oewtering before underpinning is recommended is order to
preclude differential settienest between pile and soil supported elements ud
neptive drag for:es.

|
() Provide adopted soil properties, anthod and assumptions used to

estisate caisson and/or pile design capact:1es, and computational results.
I

?rovide estimated assissa static and dWai: load (cocpression, uplif t and
lateral) to be 12;osed and the individual esstribution GL, LL, Clt, SSE) ca
saxiss loaded caisson and'or pile. Provide f actor of safety against soil
f a11ere due ta saxi=us pile loed.

(f) Disc ass and fnish consutatists for set:1ement of the portion of
|

the Aux 111arv Su11dits (valve pits, and ele::rical penetration area) in
roepe:t to changed water level as a result of :he site devatoring. Include
the ef fect of beu/ancy, W1:h was used is previous calculations, and
!!actuations is water table which coald happen, if dewetering system becomes
inoperable.

(A) Discuss protecties sessures to ne required enstaat corrosion, if
PL1183 is selected.

I

6
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(h Identify specific taformation, data and anthod of p esentatica to
be subsitted for regulatory review at completion of unde.etnains eperation.
This report should summarias construction activities, field inspection
records, results of field loed tests on caissoas and piles and en evaluation.

of the completed fix for assuring the stable foundattor.

M [ located Water Tanks.
(1) Settlement. The settlement estimate for the Borated Eater,

Storage Tanks furnished by the applicant in response to NBC Question 31 (10
CTR 3C.54f) is based epos the results of two plate load tests conducted at the
f oundation elevation (IL 627.00,*) of the tanks. Since a plate load test is ;

not ef fective in providing information regarding the soil beyond a depth more
than twice the disaster of the bearing plate used in the test, the estinste of
the settlement furnished by the applicant does not include the contribution of
the sof t clay layers located at depth aere than 5' te..v the bottom of the
taniss (see Sering No. T-14 and T-15, and T-22 thru T-26).

(a) Computa settlements whi.h 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 casid ecast
between the ring (foundations) and the center of the tanks.

(b) The betten of the berated tanks being flexible could wry ader
dif ferenttal settlement. Evalaste dat additional stresses could be induced'

in the ring beans, tank walls, and tank bottans, because of the settlement,
and compare with allouable stresses. Turnish the :omputations on stresses
including anthod, assumptions and adopted soil properties !s the analysis.

I(2) Seartog Capacity. Laboratory test results os semples free boring
T-15 show a sof t stratus of soil below the ta:ds bottom. Ceeaileration has not :
been given to using these test results to evaluate bearing capacity

_'inf arnation furnished by the applicant ta response to NRC bestion 35
(10 T1 50.54f). Frovide bearing capacity computati:ns based on the test
results of the samples from relevant betings. This information should include
enthod used, foundation destga assu=ptions, adopted soil properties, ultiaste
bearing capacity and resulting facter of safety far the static and the seisaac
loads.

ff Understound Diesel Fuel Taan Teendation tosigs

(1) leartig espscity. Pr. vide bearing capacity computation bassJ es
the test results of samples from relevent borings, includi.s method used.

.

'

foundation design assumptisse, adopted soil properties, ultimate beartsg
capacity and the resulting factor of safety.

il) Provide tank settle-eat analysis due to static and dynamic loads
including sathods, assumptions ande, etc.

7
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(3) Ekat will be effects of uplift pressure on the stability of the
tanks ami the associated pipias system if the deutering systes becomes
inoperable?

% , [ Codergrosed Utilities:

i (1) Settlement

(a) I:spect the interior of water ciraalation piping with video.

cameras and secsing devices to sher pipe crass section, possible areas of
crackings and openings, and slopes of piping fellaring consolidation of the
plant fill beneath the imposed surcharge loading.

(b) The applicant has stated is his response to 3RC Question 7 (10
CTE 50.34f) that if the duct besks renais 1: tact af ter the preload progran has
bees completed, they will be able to withsta:d all future operating loads.
Provide the results of the observations ande, daring the preload test, to,

'

deter =ine the stability of the duct banks, with your discussion regarding
; their reliability to perfoes their desigs factions.
| *

(c) The response to Qeestics 17 of " Responses to Ntc Requests
Regarding Plant Till* states that "there is so reason to believe that the
stresses la Seismic Category I piping systems mill ever approach the Code
allouable." We goestion the above statement based on the following:

Profile 26* - CDC-$4 os Tig.19-1 shows a sudden drop of approx. 0.2 feet
; withis a distance of only 20 feet. Using the procedure en p.17-2,

fb * E(e) = I ( D ) = 1 ( D ) ( 86 )
21 2 g,2

p = 30000 ( 26 ) [ 8(0.2)(12) l = 130.0 ESI_

2 (20:12P ., .//,s.4/,

7 .: i n:.;, 2. *,. Z.; ;f ;;.1, .-;-;;;;.;, ... ::!, ;;..:In I, .: .
; ;..Z m. . .,.; . . . : t : ::r %;... *... *P...;; n *;. 6 .'a ....,_:i: -J.

" n;_::: ..; _ ._ :::: :_:. Yet, Tabla 17-2 lists only 52.5 E3I8'st:ess
for this pipe. Bis atter requires further review. Flesse respond to 1%
apparent discrepancy s d aise specify the location of each computed settlement
stress at the pipeline stationing shown on the profiles. More than one'

critical stress location is possible along the some pipeline.
!

(d) During the site visit os 19 Tehruary 1980, un observed three'

instances of .tst appeared ta be degradatise of cattlespace at penetrations of
i Category 1 piping through concrete walls as followet

8

1

-
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,

I

!
West Soreted Water Tack - in the isive pit attached to

|
the base of the structure, a large diameter steel pipe
entended through a steel sleeve placed in the unil.
Because the sleeve uns not est flush with the unil,

,

clearance between the sleeve and the pipe was very'

small.-
.

: 51.e.
d s * V w. ~e .-

ws.u % . .*@41 ' e,- m f.# a ,
-

:
,

|
Servies unter Se :ture - Two of the service weer
pipes penetrating the northwest us11 of the service
water structure had settled differentia 11y with
respect to the structure and were resting on slightly
squashed short pieces of 2 s 4 placed in the bottom of
the penetration. Trou the inclination of the pipe.,

;

there is a suggestion that the portices of the pipe!

l
forther back is the em11 oposing (which use act

l . visible) were actually bearing en the invert of the
; opening. The botton surface of ese of the steel pipes

had small surface irregularities aroemd the edges of'

the area in contact with the 1 a 4. Whether these
irregularities are coraal assufacturing irregularities

.

or the result of concentration af load on this'

temporary support caused by the settlement of the
fill, wes noe ' cows.

4

These instances are sufficient to warrant as examinaties of those penetrations
where Category I pipe derives support free plant fill on one er both sides of
a penetratios. In view of the above facts, the following information is

, required.

(1) ' stat is the minimum seismic rattlespace required between a
Category I pipe and the sleeve through which it penetrates a wall?

,

(1) Identify all those locations where a Category I pipe deriving
support from plant fill penetrates an exterior concrete unil. Determina and
report the vertical and horizontal rattlespace presently available and the
sisimus required at each location and describe remedial actions planned as a

i result of conditioed uncovered la the inspection. It is anticipated that the'
i

answer to Questica (1) can be obtained without any'significant additional>

excavation. If this is set the case, the decistos regarding the necessity to
entain informatios at those locations requiring asjer escavation should be,

;

deferred until the data frac the other locations have been esamined.

9

.

|
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(e) Provide details (thi4ksess, type of asterial etc.) of bedding er
cradle placed beneath safety related piping, eseduits, and supporttag
s tructures. Provide profiles along piping, and conduits sligraests showing
the properties of all supporting asterials to be adopted is the analysis of
pipe stresses caused, by settlement.

_

(f) The two reinforced concrete recurs pipes dich emit the Service f
Eater Fuap structure, rm along either sies of the eenraency cooling uter
reservoir, and ultiastaly ester ista the reservoir, are secessary for safe f
shu tdown. These pipes are buried withis er amar the crest of Category 1 [
slopes that fers the sides of the emergency coeling unter resereeir. There is
no report on, or analysis of, the seismic stability of poet earthquaha

. y

-esidual displacement for these sleyes. latile the liatted data free this area
do cet raise the spector of any probles, for as tapertset aleenst at the plant E

such as this, the earthquake stability should be essaised by state-of-the-art
enthods. Serefore, prsvide results of the seisaic analysis of the slopes '

leading to en estiaate of the perussent deformattee of tte pipes. Please
provide the followings (1) a plas ebewtag the pipe leeatise with respect to

,

other nestby structures, slopes of the reservoir and the coordtaate eyetem: [
(2) cross-sections showtag the pipee, aerust pe11evels, slopes, subsurface ;
costiticas as interpreted frse bortags and/or less of escavations at (a) a i
location parallel to and about 30 f t from the southeast aataide well et the 2

service uter pipe structure and (b) a leestica dere the cross secties (11
include both discharge structures. Actual boring less should be shows en the
pectness their offset from the profile seted, and soils ehem14 he doesribed
using the Unified Seti Classificaties Systest (3) discusates of ave 11able
shest strength data and choice of strengthe used ta stability esalysis: (4)
detersisation of static factor er safety, critical earthquake acceleraties,
and location of critical circles (3) calculaties of residual sevesent by the
enthod presented by Newunrk (1943) er Mahdist and Seed (1978): and (4) a
detsruination of weiether er est the pipes saa factice properly af ter sean ,-

gsevensats.

% Cooling pond.
x -

(1) Eastgency Coeling Poed. !s recessities that the type of
esbankment fill and the compaction control used to cemetreet the retestise
dikes for the cooling pond were the same as for the probles pleet fill, we
req mst resseeable assursace that the slopes of the Category 1 georgency
Cooung Pond (bef fle dike and sais dika) are stable under both statie and
desacic loadings. We request a revised stability analysis for review, which
vill include identificaties of locatiese analysed, adopted feedstice end
esha:wasat conditions (stratificatios, seepage, etc.) and bests for selecties,
adopted soil properties, method of stattlity analysis esed and resulting
factor of safety wir$ idestificaties of sliding saf aces analysed. Please
address any potestial 1spect en Catogsry 1 pipes aser the eleyes, based en the
results of this stability study. Res naendettese for lesattes of new
emploration and testing have been provided la a separate letter.

10
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(2) Operating Cooling Pend. A high level of safety should be
required for the reestning slopes of the Operating Cooling Pond unless it cas _

be assured that a fat. lure will sett (a) endanger pubite health and -
_

properties (b) result ta as assault es envirossest, (c) tapair suded )j
energency access. Recesassdations for locations of new bortage and laboratary

-itests have bus sobsitted is a separate letter. These recenestdattoes were -

ande en the assumptioss that the etability of the operattag seeling pond dikes ]"
eheu14 be deseastrated.

Y 7.[ Site Downtertag Adequacy.

(1) la order to provide the secessary asestance of safety assasst
liquef actise. At to necessary to demonstrate that the ester will est eles
above elevettes 410 during sersal operatissa er deflag a shutdows process.

-

The appitcast has decided to accomplish this by pumping free wetla at the 4
site. la the event of a failure, partial f ailure, or degrada 1:a et the ,a

dewetettaa system (and its backup systes) caued by the earthquake er any j
ether event sush as equipeast breakdows, the teter levels will begin te rise. 3

=l
Oepending es the answer to Questica (a) below concerning the seems1 sperating
water levels is the tamediate viciatty of Category 1 structures and pipe 11ees a

ifounded es plast fill, dif fatest ame:ats of time are avetlable to essemplish :
repair er shutdess. la respeese to Questies 24 (10 CTI 50.5 *) the applicant
states *the operattag groundteter level wt11 be appresteetely el $f 5 f t* :

"
(pade 26-1). Da page 26-1 the appliaast eine states *Therefore el 413' is to
be used is the destges of the dowetering ersten as the snaisua permissible j
growntwter level elevaties under $51 condittees.* Os page 2413 it is stated

-

st4t *The veils util fully penetrate the bocht111 seeds and ederlytes satzal
-

saada La this atu.* The betten of the natural saada is indicated te very
fres elevettas 60$ to 380 withis the plaat f111 area aceerding to pigere 1
2 &-12. The appliaast should disease and furnish resposee to the is11ewtag i

-

que atlese:

(a) 1s the earnal operatise dowetating plas te (1) peep sesh that the j
"

water level is the wells betsg peeped is held at er below elevottoa Sf! er (2)
-

ts pues as necessary to held the noter levels la all ebservaties wella ear
Catesery 1 Structures and Category 1 pipe 11ees supported es plant (111 at er

-

betsv elevettee $93. (3) to pump as necessary to N14 user levels ta the ---

wile eastioned is (2) above at er belev elevettes 610, or (4) seenthias else?
-

If it ia seesthise alse, what is it?

(b) la the event the uter levels is ebeervattee wella osar Category ~

1 Stratures er Pipelines supported es plant f til escoed these for aernal *
eterattag condittene as def tsed by year sesweer ta Queettee (a) what acties;

will be takaa? 1a the event that the unter level in asp of these obseriettet i

mella asseeds elevettea $13, what astian will be takeaf

a

11

-
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! ', (c) t.S.ere will the obee: ration wells in the plant fill area be
I 's:4:ed that will be nositored d.71:3 the ;1ast life:ise* A: waat depths will
| the scree-ed 1:tervals he? 1:111 the cribination of (1) screened laterval is
i coheetonless soll and (2) desocstratios of tisely response ta changes is

coeti:3 pond level prior to dravtown be ande a condition f ar selecting the'

I etservstian wells? Ucder w*at candittens vt11 the alam sentioned en page
4 t-20 he triggered? What will be t5e response to the alars? A worst cue test

ef the ces;1e:ed persenest dewatering and gro.sdwater level assitaring systens
i could be conda:ted to detersine whether or sc: the time required to actse;1tsh
;

shutdown and cooling is ave 11abis. This could be done by shuttiss off the!

estire desatoring systes whos t%e cooling pond is at eleva:1ea 611 and
i

| dater.inist the water level versas time curve for each ebeervation well. T.e
; test should be contimaed us:11 t*e water level under Categtry I structure,

visse fewedattoes are potentially 11guefiatle, reaches eleve:1on 610 (thea

sarzal water level) er the sus of the esse it.tervals allotted for repair and
the time interval needed to attes:lish shutdown (should the rewir prove

!
6:successf 41) has been ex:eeted, wS hever ocrars first. la view of the
tote roge*eity of the fill, the 1 kely verta:iss of its perseability and the

f' accessi:7 et asking several answ:ptians is the analysis witach was presented is

( the a;;11:ast's response to Questics 24g. a full-scale test should give sere-

rettable inf arsatien as the availatie tise. is view of the above the
i app h:a:: sh:414 f urnish has response to the fo11: wings
;

i !! a dowaterist systes feiture er degrada:Los occurs, is etder toi

j sese.re that the plast is shutdene by the time wtar level reaches elevaties
!

413, it is necessar7 to ist: tate shutdevn earlier. In the event of a failure

|
sf tie dewatering systes, what is the . ster level er condition at which
s%.stf ra vill be 1*.1tiated? Iow is that condities detersdsed? As acceptable

j

j :o: hat wes1d be a full-scale verst-case test perfarted iry shutting of f the
-| estire dewateriss eyetes with the cooling pond at elevettes 617 to determine.
| st esth Category 1 Struct4re dertvir.g support frss plant f111. the water level

tt ei:h a sufficiest time wtados still ressise to access 11sh she:devs before'

the vetor rises to eletesten 613. la establisning the grasadwater level se
;

condattoa that wt*1 trigger stuttown it is s.:essary to account for eersal-

s arfa:e water inti:w as well as groundester recharge enf te assume that any
attitional at:1 n taken to repair the devatoring systes. Layond the point in
:ise whos the trigger confittoa to first reached, is unsuccessful.

-<

(1) As ser appligent resposee to AC %estion 24 (10 Oft $0.$*f) tse
feeign of the pe:9siest dewetertsg systes is beset upos :ve an.4r find.tsgs
(1) the granular tackfill interials are in hyf t 41 1 : tensection wtth an
4:teriytes dia:enttivous bed? et satarat sand, and (2) seepage free the.

techs3 pond is rest *1sted to the intake sad pump sti.sture area, since the
plant fill south of Stesel Ceierster h41111sg to en ef fective barrier to the.

1:flev et the ese11*g pond water. However sett profilee (Figure 24 2 is the
'laspense to 510 Roguests Regarding Ptsat F111*). pusping test tise-drawdown
gra;he (Tigare 14-14). and plotted cones of infises:e (Figere 26-13) indicate
M: seutt of Diesel Cenerater le11 ding. tte plast fill saterist adjacent to

|

| 1:
I e
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the coolig pond is tot as effettive betrier to inflew af cooling pond unter.
: The estiested permeshtitty for the fill asterial er reported by the app 11 cast,

is 4 feet / day sad the transatssivities range free 2) to'102 square feet / day.r

Evaluate and furtists for review the recharge rate of seepage through the fill
asterials free the ' south side of the Diesel Generator lut141sg es the
per.asest donatering systes. This evaluaties should especially cessider the
recovery data fras F3-3 and complete da:a from P2-3.

(3) The interceptor wells have been peettiseed along the serthers
side of the Water 1 stake Structure and service user pump structures. The
esicalattees estimattas th.s total gravadwater taflow todicate the structures
serve as a poettive autof f. gewever, the isepachs of the sand (y.gures 24-9
and 14-10) indicate 3 to 10 feet of recaini:4 natural sands below these

; st ructures. The soil profile (yggure 24-2) n'ither agrees nor disagrees with
the isepacts. The calculattens for total flow, id:14h assumed positive cut:ff,
reduced t w length of the line saures of taflow by 2/3. The calulations for

' the s; acing and positissing of wells assumed this reduced total flew is
applied elseg the estire length of the structures. Clarify the er.stence of
eespage b4aw the structures, present supporttag data and caloslatione, and
reposition wells accordingly. 1sclude the supporttag data euch as drawdown at
the interceptor sells, at aidney locaties between soy two cwasecutive wella,
and the 13 resse is the water eleistions deumstress of the intercepter walls.
The presence of strwetures eaar the cooling pond appears te have created a i

( situaties et artestas flow through the send layer. Dismas why artestas fisw
i

was set considered la the design at the dovetering syste.
!

(4) Provide constructies plass and specificaties of perussent
dewatering system (locaties, depths, sise and capacity of wells, filterpack
design) inclading required eenitaring progras. The taformaties furntahed is
response of nc Questies 24 (10 CTR 30.34f) is set edegeste to evaluate the 2

adequacy of the system. 1

(5) Disass the ra:1ticattees of p!uggi:3 er leaving open the weep
holes in the retaining us11 at the Service '4 ster ha11 ding.

(4) Disass la detail the asisteTace plan for the deutering systas.

(7) What are your plans for assitertog weer table la the sentrol
tower area af the Aus111ary Building?

'
(t) *Ast meeswes will be required to protest teenstaties of the

pipists of the detetering systes. Identify the costrels to be required during
plast operation (sessure of dissolvet solids, cheatcal centrola). Provide
baats for established criteria la vies of the results shows es Table 1. page

'23 of tab 1 7
s

|

t 13
.

h

s
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(9) Upon reaching a steady state in dewatering, a grouadvetor servey
.

should he made to costira the positten of the eter table and to tasure that
no percsed wter tables entst.

Dewatering of the ette should be scheduled with a suf ficient lead time
j
la

before plant start up se that the additional sectionant and its effects
(especially on piping) can be studied. Settlement should be closely assitored h'

# -

during this period. ple er few sendating this yeendwe$*> 1***ety . |;
,

: femje yeer

f/ j. 1.iguefaction Potential.
_

An isdependent Seed-1driss Simplified Analysis ses perfor:ad for the ]
-

fill area under the assumpties that the groundwater table we at er below
,

RFor 0.19 3 peak ground surf ace acceeleration. At ses found
that blow cessts as follows were reisited for a factor of safety of 1.3: $

-elevatian 411.
*

Minizus $PT llau Count *IElevatisa
ft For F.S. * !.S {.

_t

610 14

605 16

600 17

3 95 19

The analysis uns coesidered cenearvative for the following reasses (a) ne
account wee takes of the weight af any structure, (b) liquefacties criteria
f or a ingnitude 6 eartMuake were used whereas a.s . tC 3enersedes of 17.w.ar 80t
considered methlag larger than 3.3 for se earthquake witt, the peak
acceleratica level of 0.19 3's, (c) unit usights uere verted ever a range
broad eseugh to :ever asy uncertaisty and the taw.ation above is based on the
sost cenaervative set et assumptiees. Out of ever 250 standard penetraties
tests es cohesteeless plaat till or satsrel foundation storial below
elevation 612, the criteria gives above are not satisfied is four tests ta
natur:1 asterials located below the plant fill art is 23 tests located la the
plant fill. These tests involve the following borings

s'.*3, 5:2, DG-18. u 13 AI 4. AK 13, a 7. AX 1, M 11
DC 19. DC-tl, 30 7, DC 5. D 21, CT 1, 2.

Some of the tests es natural storial wre conducted at depthe of at less than'

10 f t before approniastely 35 f t of fill was placed over the locatten. Prior
to coerarises with the triteria these tests should be sultiplied by a factor
of a'aost 2.3 to acteunt for the increase is of f active overbordes pressure that
results free the placesant ea4 future devotering of the fill.

I*for .1 * 7.3, blow toer.s wou1J increase by 303.
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of the 23 tests es plaat fill dich fail te satisfy the criteria, nest are
soar er under structures where remedial seasures alleviating secessity for

=

support free the fill are planned. Only 4 of the tests are eder the Diesel
Generater hsilding (which will sent derive its seppert free the fill) and 3 ?

:
ethers are near it. Because theos locattees dere lew blew seests were
recorded are mall separated fres see asether and are est see eestissons
stratus but are leadtaed pockets of leese unterial, se failure aschaatsa is !

!
present.

la view of the large ausber of beriags la the plast f ul area and the
ceaservaties adopted ta esdysis, these few toelated puhets are se threat to
plaat safety. The fill area is safe ogstast liquefacties is a Magnitude 6.0
earthquake er sen11er mich preences a peak ground swfase acceleraties of
0.19 3 er lese provided the greenduter elevattes is the ini is nept as er
hiew sievaties 610.

%, [ Setsete analysis of strostures es plast fill esterid.
(1) Category 1 Structures. Free Secties 3.7.2.4 of the FSAR it saai

of abent 1330 f t/ses uns used is the
h calculated that as average V,lateracties andysis of the Category 1oridtsal dysamic soil structure
s t ructures. This is essfirand be see of the vlevarapha esed is the 13
Tettuary tec.htel presentaties. flaat fill T La sleerly mesh leser than
this value. It is understood from the resposee to Question 13 (10 cyt 30.54f)
concerning plast fill that the analysis of severd Category I stzwatwee are'

underway saing a lower beend average V, e SCO f t/ses for sections sepperted
es plant fill and that fleer respesse spectra and design forces wt11 be takes
as the aset severe of these from the new and e14 analysis. The tusstices
which fellow are intended to nahe certata if this is the saae and gnia as
understanding of the 1spect of this paramtria vertattes is fondattee
coed.ttans.

Men
(s) Dissues wh14h Category I structures have4and/or will be

,

ressalysed for changes la seisais soil structure laternettee due to the change
la plaat ini stif fases free that eevittened to the origital desigs. Have say
Category 1 structures derivtag support from plant ful hoes escladed fres
ressalys ts? Os eat hosis?

(n) Tabulate for each eli sedysts and eaan rosadysts, the
fewedaties paracters (v ,V and? ) seed and the equivalast spetas and
dasping sesstante derive 4 theraf tse se the reviewer saa gata as appredattes'

of tse ement of parametria isrtatise performed. ,
,

i

(a) !s it the intent to andyse the adegesey of the strustwee and
their destests based spes the sovelope of the reedte of the old and nos
analyses ? For each structure saalysed, pasase show es the ses plot the old, .

!eev, and revised esveloping fleet respesse sysstre se the of feet af the

.
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