$0-329/330 om, ot

;141‘&'.‘: f"h
10/7/"?0 Depacit i

of

kymas  Helles

A~YAI‘If! /-’6




(emames: reverle Ex 2/ - Heller depe.its.

PRCFESSIONAL UALIFICATIONS SYNCPSIS
U.S. MCLEAR REGULATORY COMMISSICN

LYMAN &, MELLER, Leader, Geotechmical Imgineering Section

My name is Lyman Jagner Heller. [ presently reside at 18605 Rolling Acres
way, Olney, Maryland 20832, and am employed as Section Leader, Geotechnical
Engineering Section, Hydrologic and Geotechnical Engineering Branch, Division
of Engineering, Office of Wclear Reactor Regulation, U.S. Wuclear Regulatory
Commission, washington, D.C. 20435.

[ receised Bache'or of Science dejrees in Agricultural Engineering and Civil
Engineering fron the University of [11i~ais in 1950 and 1957, respectively,
| received Master of Science and Joctar of Philascshy degrees in Livil
£ngineecing, with majors in soiT ind Youndalion engineering, from the
University of Florida in 1959 an¢ 1371, respectively.

Since joini~, the AEC (now YRC) iam February of 1974, | have reviewed or
particizated in the review 3f the geotec*nical features of about 25 power
plants and other nuclear facilities. Prior to my present position, which |
assumed in Decemper, 1974, [ was eployes for 9 years as Chief of the
Analytical Section, Soil Dymamics 3ranch, Soils Division at the Waterways
Experiment Station, U. S. Army Cerps of Engineers. In this pesition, [ was
responsible for special amalytical and experimental Corps studies in soil

and fousdation dynamics as well as earthquake engineering aspects of earth

and rock-fill dams. The results of these studies have been published as

Corps reports and as papers in national and international symposia and
proceedings. Prior to my employment wits the Corps of Engineers, | was
employed for 6 years as a Research Civil Engineer in the Soils and Pavements
Oivision, Civil Engineering Departnent, Maval Civil Engineerine Laboratory,
Bureay of Yards and Docks, Jepartment of the Mavy. In this position, [ wae
responsible for soil and foundation studies related to buried protective
structures to resist the effects cof nuclear weapons as well as design criteria
for piles and other waterfront foundations, My aother professional experience
includes University teaching appointments, from [nstructor to Adjunct Professor,
erployment with a comsulting engineering firm, and employment as a project

and product engineer in industry.

[ am 3 member of the American Society of Civil Engineers and Sigma Xi-
Scientific Research Society of America. | have been a registered professional
engineer in the State of Flerida since 1959,




Lymee Heller

e e =

e

3379

Cros 8.

Frisaras reccrcs T ], :r,.s Y 1 Y
ITE v

ioe 3 I AT
- S<2C.1"3,
"eldt'in S . "23T.reg CF "L 0¥
31301 were P S EEETSTTTTET
L
oS YUeAT AT, )

AW G et Jee WM W au

| ¥ J s
ramB/3 > X'5H

~yizg deyeee SoiVg e

A
YO SoRaE saps : o res23rch aCTaileg 3y RISTy 173 Tverd

: ~+ —
PIal B, & Somet e e S - I ERT] ST s
§2 2v.t So*S 88 2 2839 2= $3 3" 2*'CS,

A2 2473% 28 2 24rchc de o ' 173, (§28 3f 3r3.ez <gi'en,

r
Sy . o p® MRS part sy Am . o roas 3 ree ~¢ a ™ T &
—_ck: 2 S ML I (S AT .2 2228 PO31%° 27 _4rtY 3”3 r3Cee

- pe-p -~y . - .- ) - - ‘.- - . -y - ’
A anllanan ceviiere) 30500, 385cceg i e for Zirectiie aed PR M e ae
A .- *1%vam al o0, spom vy




.

(= Jo So iava? Civii Eagizeering LB a20r; 2/38 = ‘/‘-(
e wememe, CA

-
-
-

ag: ‘grfovepq somm'ag rogaaren acri,i8 88 2 Srgoacss jeictying S5i] epomanie<
EEd -z vt e tigs Pa = . Tam mpabaae.
waitmadalacte JES T8 3 0 S ——
- = g = s - ‘& - Y - - - -
o N o SeCt S _iCac a2 Sy the effacts 3f syclelr weisceg, Veoisires |
. .'!¢!'~'-C3| Pormy o £§ 22 .o: ge~ pe ..,.-..!
'-e».g..os. :a--,o- AJ’ Precprh s eige gpa ‘22 (-, a2
*e .ars ay> - > v‘n.. » ez e

Scenititr

- the n-“ an+4 ,:,.—go's

W tn tre gt dy. intercretaticn 4n3
grotactive Strict.re, Perfirmes reseircy

. '3 ‘ar lateraily Toaced 2125, Jdss-c gz e ¢
Te363-27 wr <, : 3PS, 12375 ANC "SNTI3rIAg contraces and o
248 181 ¢ 18°8~5s: Weoeres

S

TR e

: - e .
$$.2° & .

x le 8/%3 s 10/8
3 S- “V" C‘” Ep; reer: 19 mr‘oar’ 9" s IG/SU

Port #eneme (A

—ceal®30  o(redd 35 3} -2 a2t focirger 1 ne €0t7§ 3ad J3jemencg Tigigtan of see

120r3Toeg, Diances aeg -oec ied reses~sh Sdgkg inveisirg the gcilegt-ict.re intee.
J1cm Sendeisr 3% Titary'ly (2aced actlies.  Soeeryd fio'

P:9327815 6 FOr yt3 (2°r3 2303, mCltarirg Cantricis, IAG aritisg reperss of foazosae
251231990 sescapgecye arg, -C”-"“;"'e" :_acrx iefs Sy oreytoys peaisce en:inac-
o3f CIntingd ING c3irdieated guceerct iy e1th Ale, Fo e e . o wy

R N T A TR AR P L e, e il s b e e 4
bogm 1/59 £/e

’L-

!
i -
L9

ce2arten’ of fajineering Yechanics

tiversity of Flarr2a

Gainesslle, A ,
,-.. i LSRL :"" -/j0%r

s 83 Ta.reraih

O Tl e-"s n engirasring N I7a%ics Clurse

M

‘ ar-, $, -‘r"f S3t34 n '35"‘.LC pi'—m'as NG cvmcetag

e AT N !
=i%t, S@S3ingile ‘i o areifz apc g lew-; classroon iect

¢ @CTiras, Sreziring asi=isatiam

3 3ear3:n7 F1%47 riaCeS. ACIITDIISA@NtS: ACCLL e SL.C8RTS were traines r thig
~e-j2res T~ course,

l"
r.




4 /
p/‘MD" //"-‘//(/

//

'-'/ ’/f’\"" /". -'; /“‘f4¢[" /~ y /7’5
4 /

Ldned 1t N,/M y - 97

|4
/ / v

&
. -,

o~ ;,?’-'. r.m-/ L‘~¢7 { Vh“y ‘M-CT‘

/283

~ ' I 4
_#.—{’1‘” ", ,l» r{/ -. :L.‘\_

I . - J
'p."m L—‘—‘-ﬂ‘( —*-‘;:..q...n /JQ’A-‘ w- —4‘“

;'MM /"-/

- )-u-u./n i A.Z-..(,.. P

& oy ’:‘,, “z ,'/, S, A srrane

N

Evvng Doinienin /Fk/ Aﬂ«!«/ 400{ Mo, (/6 pande )

ltsr msd 74/,4«.—- KLl M (o . w~kd

- Hipp d P L

Quisoid T Fol gutrL. ///:...._ W ikd s T
ﬂ/f,_,_, 4 o, ;,:_17/ L mua /A-/ Va.
/:'“"" *‘»Z :M/"L ) ’

v"".té;vv t.i' x—: //M /"'JA"-‘- d'/l“?* p /‘I --'J .a.(’.u.uu.q
( - c-."..-.-d-‘q ‘-,,’4 kv (._,, s /'44,“4 57-"‘4- y pmw{‘c

S ® ---: T id & '( _ﬂ.u—l'\ /19 5a L miidd o a /—"0"‘

drantst on Fiaiwna L ﬂw‘i—.s:—w w-u—__../ [ S




17 o HHeller _ al 12/2/;.

-

. e
“‘ffff‘..v“.o'v [ WL% “~ ”d
J

M, ‘-/‘—r‘

:~4 —ﬂd/ . -»\M“ﬂ

4

v

e ey Zawe Sehoot Ciplemdes 1158
/0 )

‘ ’ s

» .:_.,..- P wm; -/ M niinn :-u % p e,

it b Lt : - -
,/t.u/do so- " 40% .—-—/-4-«.. D“‘*"‘-—‘, i -«

e f.ﬂ'n—-/djw &Z.A-/":‘!- Lae /,J’f

ok 1 ® CM . ""‘7‘ w (4(“;/ f/—;,&- ”

.o,/:.a—-‘:’.-.q ) "/M-- NUMJ/
St lmmmton Lo ./ o /2 f;_,__,..._,
- f /

’ .

-, d
-—«Vv-'f-—d..‘«\?I fa“o-‘—ﬁ /’fi‘ /

ol '-..u [ Z..J/-a&—‘-&:—. — ,“.-'J M
Soily and D ,.c,:/,.'.. Y Utrma, oltl,
/\2./4. j—‘_,{“_‘ . > . ,

A..Z-«-/J /77 .a.:&'o:,l..jh o 401

~ ’ - !

YA Ay :,/A!Ql' f. :




/ ” Mo | i
s et ?r . /l/;!/fd

Llotn’ hiornclh o llonws Ziendls Colusd Saph, 1457
’ / /] /l g™ ﬁ 4 ;
e A ia /‘,’/ :Zd a“y “‘“\.q /’-d‘—‘-‘L.'/ e
—— Pad - ‘ ’ » M »
Sapas Lovat ‘o e ‘:"f““"i“/ . T b Lnls St

- ' ” - ‘.. i ’é'l — & o ! - I
- i Leve MAwgy - "Peng b )/ Ll ’w‘ 0
/ g g /
//, f‘i.l PPV o - r/" :.i ‘v‘_ :4/ ,/;—at- »

& L 3 ad 'l % P // =
Sihot | Foed Bikine™, Vo, el SEy 16

_’,ﬂ./lw_'and.l Cvrerdd pwm ’J‘;IOMJ/ 5-.-4.-(;
P -




L - maw He //e( "/2/2

Prliane: san

| S3908 S R §
T - L% Fegnle Tavterts R 3Rt .rsd Wl Mapbop fravadlisicey
¢ 2P WY RO ItOP Votlal Sad.ctives,.” Yo Juse 33
? rud ® .. 23734 ceuia DiganCer.ng Latoratary, Pirs Niensse,
T “.2 L IR g

Torreiong Mo . RellL, "Mllice 308 o2 I2gac%elae el Feotines on
= ciidy oy vwadls 19%5es PsliiaSed B . 3. % ovnl 2ivil L FRT T 0
s whe TTRINT P Setntme, Canilirnin,

. - L ] . . * - - . ® - ™ - ,."
shrie ten Neropt P T, "Lasery T Poe28,” 18 Jae (e, PO
eaitna 3 B, 3. Wavee Civis Engiteeping Labiraiir, Pirs Hlenece,
Cas %ed
Bid PooT Tier, Teateryg Tesistwnee of Plies {n Cinesive & 1is,”
s e 3. Srs Falliszed .n of2 30 the Joil Meztaales and
b ot - - v Awons SS/ORSES l)e
Te A f Felfes TTLtn 0F S22 2%ce Inclisicong Sui ectey %)
earlaiw Poaze tanlc " Ageid U385, PuBliitel 35 U. S. Saval 2ists
Broi-eoring Latisniioy, Pom Heore,s, CSanil.raia.
Trrhtiiae Note TeT1T, TFalloe Modes of Iad Curreinting u Literslly
eit5eat?d Plle 2.3 erted o ol and D ;agt 50388, Sy 1iud.
Faloownel by U0 30 Taval Civil Engineer.ng Laliratory, Port et ege,

- L 3 -

S Vi B
o ST L}

Techn, taa Peraps Doy, "Notlon of 3.
da08" Siniing-Pe1, l%8 ¢f Jeries !
€ U I, Zaend Tinll Engoneeritg Litirtiey, Pert juece-e,

211 Irelaztore 8k 'ected

s n
e, (3Likepr V¢,

é» »
e <00
. e3

Mivcelianmuns Puer %o o, “Xaiger Lard! g Vet Muilare .8y (WXel9,
Marsh o307, Paliosced ¥, UL 8. Amp Bagineer ev e, Basericent 2ipti.n,

Viatelianes.s Poger 55, o)) Tettn 1. K. Pasn', "telat.a V¥ del.mg Yttt
i N Chaly; of Trunistion 2cewmats, G0rurd Matiom, and Telsn.: Prenizers,”
Perraary Ll Puriiaced Yy U 5. Ammy Doguneer waterva 0 Lajer . seny
Stetine, V.tesd g, Yasslsaijpl.

I/mienia pajer, Twith R A deine!, "Iround Motice Trasezite.oa free
Gurface Jowren,” a japer selected, presented wad pudlished (n the Pro-
Conlingy, Intereationng Dooroalam on dave Propigation and Srheni: Praperiies
OF Larsy "ateriacy, J1-0% August 567, Alvugueriue, Nev Wexi:s.




Lyman Heller

. » T ’ S
afPRAT SOPRN

"hief of Fas
- er %3

iss.ed By 3ffice, “hief of
2«73, 12 Jariary 1575,

o, "TArth itraticn o ffacts ans Abatevent for “111tary

te telection for Grourd Moticn Studtes,® tNguemcer 37,
heer 4dlerad, s Taleritent JtatiIn, Viccsburgy, Mssisial.

Liement Arglygig of o 20 L
<A .nlergriung Jetdryt sen%ed Ing putligned
of"S381 4% 2n e 220V e Finite £lmane

160

- Chy Teering, Yay 1972, 3. ~rmy Irgineer matiraisg
o300, T1l«sS.r;, Mrsgissioat,

2azer, “The 23rticle 139 Field Generated 3y the Torgiony!
of & Sirciler FJAn2,% pragented 3t the Armyal ar:
’ i eating, American Soctety of Lt

Wiaton, Tesas.

'

: sazer, “Tetimis Dffecty om am Earth Zae from an Cuplosion,” sregented
:' "21 4t the Yatfiey) ::.::c’:‘:o' f';i*ce”‘;_“gﬂ‘-';. Averices Sociely
A eteri Dogtreery, 3e0d Agril 1571, San Francisca, Califarenig,

cirferunia Jacer, *Lareth Som MGtioe due 22 8 Deep Yuc'esr Ca212%10m," sregmted

47 (% P1710 acrls Conference on Eartnguae Cogircertng, Jo-' 1§29, 1972,
“~Te, iy
. .

r (with 3, G, Casterling) of pager, *Statisticy of Liguefactisn and
T By Thetgtian et al, P50 1sred tn Jiurry! 3f Cectechnica’ Enjtreering

AT Liguntaction Ia Large Scale Simgle Shear Tigts,* by
s

1 . ” 4 ‘Am {
thed 18 Jcorral of Geotechmical Dngineering, ASCE, July, 1977,




‘.7 ~ay AVE»/?&H'

Pase=ts

.:);e l:r --.‘:.!s P"' "". ‘qd (o.,qn ’f"’]’]' cn in a S\:‘: .‘.‘:er".
88 %3 8 &, 03082 ..3..‘ Vate g, 3,858,835

’
» . ’ ) )
il Tegtie; o5, (@ita W, L, 3i1))

[
' . .
raent

cnil Yemnaeshisg gas * ppans =ctivising

".v Ensineers

f‘-")‘:‘. :’c—ab.. e S:" :’ -’--:s-

:*-"~; “e"Cer e Tre seSsiim "05T J,macics
2techtcdt Agrects of N.clear Facr!ifies -egipn”

S
1573, 3as%en)

oo~ m——ittaa Am fn-v-.‘pynn

) Feed ™ N Jids8S LS PR

'
]

Sirths tis facicaarics Ugmrgp

: frs raerine D1 iginn Cageiy 'ty Confere~ce on *Civil
i bl T T Y T T ;}J reerscn of session on SQQ..::r‘cf.r,
MLerICtin, Kazaville, Tema,, Sept., 1989

intermatizeal Aggscration for Carthauake Engincering (ron-teger)
itot%es g Cantriated ta 'n'orwa't~na' AGrisngy om S'roﬂq
Vation Cartni ice [nstr ren: Areays, Sutiroun on Array Cesign
fir J3c0l Effe2s [vay, 1972 3, Menal,ly)

'3rd’ Sclence Faurcatise s CPRINI0 10 defire Research Veeds and
Priorities fir Sectez n cal farthguine (ngineering dpplicatigns:
Chalrman of Zine) on Agsesicent of Seiseic Stasiiity of Sof!

(Corey 1977, Alstin, Teays)

- ' ¢
o.' -
1

Crevce Firaatiom, Vester of 4, $. %o crranics Selegation ta the
0% Seo 81z of Lhing o Ayn Jettelentanger 1979,

™he Loient f1g Rasearch Soctets of Averica




:9,' 1t ,~J €N e L td |

echeizal Sr.ree8

Cperat. =8 Researsh ({ semestar) Uaiversit ol S¢.thers -
or3ia, Ipr.og. 1%,
Matris Methods {3 Engiteering (1 semester) Un versity 9 L »

ornia, Sprizg, LW,

Te:snigues fo7 Maesurizg and Analveing Rerics Tita (o mm o
CCat, A.guat, 1965,
Rack Me2nanisn Seninar (16 hours), Poundat. =8 ZCienecd b

J~ﬂ‘. l”‘o

Poast 2ity (1 seasater , Mivsinaigri State Th.vers'°y,

13e?.

Peceat Jevelopmests (R the Cesizn ond Constructic of Ba i .
Rockfill Tame (o0 dcurs) Universt.y of Cai.f:ente, =~ il -
1363,

Er inearing wologz 1 (1 seseater), Misainei 5l State T i - —
Spri~g, L9641,

Sezi8r on Seisair Desizn for Suclear Pover Pla~ts, (43 —
¥ete Wrch, 1909,

Eagiveerisg Teclogy LI, (1 sesester), Missins, ol State -
Spring, 196).

Sesiin of Barth a4 Rocalill Deas, (L semeoter), Miveing T —
wALvers.ty, Sor.ng, L1273,

Bart g ahe Rogigtant Jesign of Tngineeri=g “tru.t.res, - = PN
Usiveteity 2t Cal.ioen.e, June ()73,

Aralivie and deaign (0 ‘eote *nical Eagineer.ng, ‘eJ M . -

June, 18,

fed YOutls ey —

Rise and Decieion in Gertechaical Engineer.ng
June, 1978,






ﬁ ﬁi .lc‘..low
ﬁ.o\ ‘O{Qllb

5“.0

M.r v!v\\kih

SPYLW/ ') ) r”
\ \u\ f / / )\_N v v/2)/ - C 2’9y ) o) tI0) ISy . )

y A




on OF X2
NEES FOR

MITLAND PL

CONSTIERS

cCCZET NTNEENS

-

(‘L-‘.“.'o;‘{l‘a ;; .5'1 LC C “' "; vy >

/4‘/( ll'/(( (u/ ("‘/.5‘. '!_/,//'

. - -1 SR
APPLICANT'S PO8ITRON

ACSITICNAL ECPINCS

rcr
- - ’ - -
-y :'.. - ”-- -

PCVER CTMPAXY

$0-229 AXT SC-13C

fegcrs Cate: Septecter 14, L0727



CISCUSSION OF THE APPLICANT'S PCSITION ON THE
NEED FOR ADDITICNAL BORINGS

After the discovery in August 1972 of urexpected seztlement
of the diesel gernerator buili'ing, torincs were .sade throughcut
the site to investisate the cordition of the plant 211l and

to provide information for rered::l actions. This sreQrax

resulted in a total of 265 berings.'

After the ini:ial discovery of the settlerent, 32 berings

made in and around the diesel generator building indicated

that the building could experience significant settlerents

that could not be estimated reliably based on laboratory

test results. The azplicant retained the services of

Or. R.B, Peck and Dr. A.J. Hendron Jr., two of the most

«rncwiedceanie and rescected authorities in the field of

soils engineering. The resuzes of Doctors Peck and Hendron,

vho have consulted in numerous nuclear plant soils issues,

are attacred in Appendix A. It wvas reconmended by the

cornsultants, and agreed to By the apolicant and its architecs=

engineer, "0 surcrtarge the building. This would corsolidate

the fill, accelerate the settiement, reduce the se::lerent

trat will occur after pipe connections are made, ané permit

4 reliadle upper limit estirate of settlerent to be expected

curing the life of the plant.“3 Afeer removal of the surcharge,
{ $ix additional borings were zade to conduct in-situ shear

vave velocity measuresments. These borings alse inclided

Baking standard penetration tests Logs of these berings

are inciuced in Revision 9 to the Responses to NRC Requests
Regarding Plant rill.

Although the service water PUFp structure and the electrical
rFenetration areas have 2xhibited negligible settlemeat, the
Sorings have indicated that rerecial action should be taken
for these structures. The rered;al action proposed :s to
urnderpin the cantilevered portion of the service water
structure and the electrical penetration areas.” In connection
vith the design aspects of the underpinning, the services of

Cr. M.T. Davisscon wvere utilized, His resume is attached in
Aprendix A,

T™e NRC staff has requested that acditional borings be made
12 18 areas as outlined in the NRC letter of June 10, 1980
on this subject." Discussions vith the staff followed on
July 11, 1980, The applicant believes that additional
SOrings to justify the adequacy of the remedial actiom
PrCgram are unnecessary in that borings, laboratory tests,




cata collected in connection wvith the surcharce progras,

and lcad testing provide sufficient information. Further-
Eore, 1t 1s estirmated that two bOrings per area (whick would
be reguired in accordance with the staff's request) would
cost a minimca of $400,C00 not including apglicant's overtead,
prolect engireering cost, and possible darace to ‘nstalled
corponents and structures., Acscordingly, the agplicant's
pesition is:

1. That the additicnal borings are not necessary, and

2. That the postulated benefits do not justify the
cose.

Because cf the disacreement with the NRC staff, a forral
appeal for relief from the staff's reguest was rade to NRC
technical maragenent. This d:iscussion docurments the appli-
cant's presentation at the appeals Peeting of August 29,
1980, and includes additional information pertinent to the
NRC stalf corncerns. This docurent also is a partial summary
cf several discussions with the NRC staff and zany forz=al
<tr.ttals made during the last 2 years, Applicabdle
references to more detailed information are provided.




A. DIESEL GENERATCR BUILDING

deo Seseren?

As a resclt of the detailed studies of the se:tlesert
Frosie~s, it was decided to surcharge the diesel
generazor building with sand i1n order to consolidate
the fi1ll urnder the structure.

™e swcharge was applied in three increments to a
maximum Peight of 20 feet (agprosimately 2.2 ksf). The
stresses frevailing during surcharging at all cepths in
the fill demeath the tuilding exceeded those that will
Frevail while the structure is operational including
those applied by future site devatering. ¥ figure 1

shows the surcharge histery and Figure 2 s*ows the
stress cdistriduticn pe.”« the building during and

after the surcharge. The cooling pond water level was
raised to the maximum design level before surctarse
reacted 1ts saxizum level.¥ The groundwater tadle be.ow
the diesel duilding rose to approximately elevation

625, which is ) feet Delow the base of the fourdations
a3 shcwn on Tigures 275 through 17«49 in the respornse
to MRC Question 27, Revision 6. The primary reason faor
reqJiring the pond level to te raised while the surctarge
s being apslied was to reduce capillary sction and
increase saturation levels closer to the plinned ground-
water elevation of 627, Pond water level was saintained
AT the mazimun level throughout the period of surchatging.,
As can be seen from Figure 1, settlement occurred
rapidly as the load wvas applied. When the surcharge
reached its saxisum level, the rate of settlement
cdecreased rapidly. As aaticipated, excess pore wvater
Fressures developed when the load vas applied and
dissizated rapicly, indicating rapid consolidation of
the fi11.@

Feasurements nade to date indicate that a ssall amount
of redound occurred during surcharge removal, and only
small settlement tock place since removal of the
scharge in August 1979, In addition, as expected
during retound, piezometers showed a slight drop in
wvater level, indicating & negative pore water Enuun
which later stabilized with groundwater level.

Prizary settlement occurred rapidly and settlement
reesremants i~dicated secondary consolidation vas
occcurring as v rified by the straight line on the semi-
log plot shown on Figure 3. This figure (s tysical of
all the settlement curves shown (n Figures 27+ and 27-81
through 27-78 which exhibit a streight line settlement

)




during secondary consolidation. This belavior has Leen
recorded or mary projects including the Chicago Auditorium
wrere this straight line secondary behavior has been
ctserved for 60 years. Settlement trends based on

rates experienced while the surcharge was in place were
exirapo.ated to predict maximum settlerents exzected to
ccsur over the life of tre plant, This pred:ction is
bzsed on the corservative assuTptin that s.rcharge
loading conditions remain for the life of the structure.
Settlement reasurements sade during the period between
Septexder 14, 1979, and June 12, 1980, show that, on

the average, the building experienced less than 0.1 inch
of settiement as shown on Figjure 4,4®

Sezordary consolidation was also assessed using data
ctaited froe four deep Borros anchors to grovide

Greater accuracy tran from conventional survey technic.es ®
The dee; 2crros anchors allowed movements to be Dear.red
tY gages to an accuracy of 0.001 inch. A typical set
of measrements is shown on Figure 5. These seccndary
censolidation measJirerents, when extrapolated, indicate
trat settiezerts less than 1/2 inch would occur during

e life of the plant under the design loading.

The techaique of extrapolating from full scale test
results is the most reliadble method for predicting

sett .ement. Normally at the stazt of a job, sazpling
and testing are utilized to predict settiements. In
this particular situation, the surcharge program
Frevided the opportunity for direct measurements and
theredy eliminates the need for sampling and testing.
It eliminates shortcomings of theories, sarpling, and
testing., Measurements in the laboratory are made to

ar accuracy of 0.0CL inch: however, the laboratory
sargle (s only 3/4 of an inck thick. The protadle
@rIor in estimating the field settlement of a 28-foot
layer over the 4C-year plant life based on a single
1/4=inch ladoratory test samgle would be of the order
of 1/2 inch due tc measurement sensitivity alone, not
including the effects of sarpling disturbance and
FerTesentativeness of the sasples. PFeasurements in the
field are also made to a 0.00l«inch dccuracy but the
field test sample being measured is atout 28 feet thick
whereas the laboratory sasple is only 3/4 of an inch
thick. Thus, the full scale load test results involved
far less error and will result in & more reliable
prediction ®

It should also be noted that the approach which utilizes
evilence other than the results of laboratory tests for
the prediction of settlements has been used on Frevious




nuclear power plant applications. At the Fevaree
plant, 1nitial settlement estirmates based on

laboratory test results predicted that settlement
should be of the order of 15 inches. However, when the
evidence of preconso.iidation by glaciation was InCcorpo-
rated into the evaluation, predicted settlement was
reduced to 1-1/7 inches. Measured se tlerent a* the
end of construction of the foundation was l-1/2 inches.
Another exarmple was at Quanicassee where Laboratory
tests indicated high settlenents., A preload program in
conjunction with geological evidence resulted ia a
iower but more reliable prediction of settlement, The
prelcading in that case vas accorplihed by pumping
down the groundwater and meaAsuring the drcp in pilezo-
Bmetric pressure as well as deformations.'®

T™he limitations inkerents in sarpling and testine have
Deen recognized for Rany years. If sampling and testing
are done, the predictions could, because of these
limitations, be u: ealistically large for certain soil
cenditions, Sarpling and testing are not necessary
Because of the ability to make 4 more reliable and
Conservative estimate of settlement with a full scale
surcharge program . '\®

Although the surcharge resolves the uncertainties
regarding settlerent predictions, it does not eliminate
the potential for liquefaction. Various methods including
chamical grouting to resolve this question were considered ¥
It was determined that the sost reliable solution would

De to permanently dewvater the site f£ill. The devatering
design details are being determined based on data

obtained from the temporary dewvatering required for

future uiderpinning activities. Tis vill provide a
direct measurement of the groundwater behavior ia the
f£ill. Purthermore, the temporary dewvatering has the
additional advantage of providing informaczion on setsle~
ment due to dewatering which is much more accurate than
predictions obtained from sampling and testing, Recharge
data will be obtained vhen the temporary devatering

system is shut down.®

The approach used to estizate settlement &t the diesel
qenerator building relies un full scale Teasyrerments of
sattlement from surcharging and settlesent measurements
48 & rusult of fill devatering. These procedures

provide a direct, reliable, and conservative reans of
predicting settlement; thereiore, sampling and laboracory
testing would not provide better data to refise predic~
tions.M




The ability to directly measure over the plant lifetime
the actial rate cf settlerent of any structure (a slow
Frocess) and compare the total differential settlezent
“qainst the design tasis for the building connections
Froviles a positive and ver.fiadle resclution of the
salety question invelved.

Bearing Cacacizy™

In addition to NRI concerns on settlement of the
structure, there have teen concerns raised on the
Searing cagacity safety factor.

The net ultimate dearing capacity is the scil pressare
that can be surported at the base of the foundation in
exiess cf that created at the sarve level by the wei.ght
of raterial abcve the base of the foundation., The net
uitirate bearing capacity is defined below.

Net Ultirate Bearing Cagacity e 9
net

(N_=1) + 1/2Y BN,

e
.c.“c. u: 3

JMere

i C\- cchesicn intercept
-

e N

L ’

Ny
- Y = effective soil unit wight

A ® Dearing cagpacity factors

-/

fourdation embedment depth
B = fundation wideth

The factor of safety is equal to the net ultimate
Cearing capacity divided by the net applied Fressure
below the foundation. The minimum Searing capacity
safety factor for the diesel generator building is well
Acove the factor of safety of ) given in FSAR Sub-
section 2.5.4.13.1.

Soil parameters selected for use in deternining the net
Wtirate bearing cagacity depend on the rate of load
SEflication and the rate of pore water pressure dissipa~
tion of the foundation soils., Por a load being applied
instantanecusly, it must be assumed that no dissipation
Cf pore water pressure would have occurred. Under tie
instantarecus loading condition, soil parameters should
te selected based on undrained lLaboratory tests,




Where loads are arrlied gradually axd/or zaintained
©or a pericd of tine to allow pore vater gressures to
dissizate, sO1l parameters should be selected based on
crained labiratory strength tests or carnsolidated
wdraired latcratory strength tests with pore water
Fressxe reasuremercts.

T™e Building lcads for the diesel generatar duilding
Structre were applied gradually ard maintained over a
period of more thar 18 sonths: therefcore, it is agpropriate
t0 evaluate Searing cagacity based on drained cenditions.

Consclidated urdrained laboratory strength tests with
FETe Water pressire measurements were conducted on
samples of plant area fill Raving characteristics
S.milar to trose urder tte diesel gereraccr tuilding.

T frovide a corservative analysis, five samgles with
low dry unit weights in the range of 114 to 119 pounds/
CZic o0t were selected. Based on the results c“tained
from these sacples, the effective argle of srear..g
resistance (J) wvas fournd to be 29 deqrees and the
czhesion intercept (T) was fourd to Se 114 pounds/square
fect. The draiced argle of shearing resi.stance is

Kiown to be privarily a functicn of the plasticity
Ctaracteristics of the scil and as the plasticity of

the sarrles tested is within the rarge fcund Sensath

tle diesel generator building, these tests are repre~
sentative and testiag of sazples from below the diesel
Buillding would rot resclt in significantly different
design values. This laboratory test data is su=marized
on Table 1. The strength data is presented on a modified
elfective stress Mobr-Coulomd diagram in Figures 6 and
7. Total and effective Strength data at failure shown
en Figre 7 are cosparable and indicite the pore water
FreSSures ex:sting in the sanples tested were close to
2ro at failaxe. As showm on Figure 8, the net ultimate
bearing capacity factor of safety is agprozimately 7
using § = 29 degrees ard U = 114 psf and spproxizately
6 1f the T ters is assuned to be zero, assuming the
“a'er tacle will be lowered to below the foundation
influerce depth.

Cnder earthquake conditions, an additional loasding
eqal t about 10 percent of the static loading will
be aprlied. T™is 1rad will be instantaneous and would
occur under wdriined soil conditions. Factors of
salety for seismic conditions will be above acceptable
lizits,




SERVICE WATER STROCTURE

After the discovery of the unexpected settlement at

the diesel generator building, 13 borings were made
vithia and around the portion of the service water
structure scpported on fill. These borings included
standard peretration tests tarough the fill aszd terzinaced
in the natural scils. Although there has bees no
urexgected settlement of the service wvater structure,
the information odtained from the borings indicated
that 1t would be appropriate to underpin the cantilever
portion of the service water structure. This will be
achieved by using piles driven into the natural soil.
At a later date, nine borings were made to conduct
Shear vave velocity measurements. These berings also
ncluded standard penetratiocs tests in he fill and
vere extended intc the natural soils.®"

uring the isitial site iavestigatien by Dames and Moore
and comstrycticn phases of the plant, there were borings
made 1nto the natural soils in the vicinity of the ser~
Vice vater pamp structure. Based on inforzatisn obtained
in the initial site investigation, borings made during
construction, and borings and laboratory tests made after
the discovery of the unexpected settlements in the diesel
generator building, prel iRinary estimates of pile capac~
ity for support of the cantilever portion of the service
Vater structure were made. Based upon an estirmated cavac-
ity On the order of 100 tons, it was deteramined that 1l
piles would bde required. Calculations will be submitted
in the respoese to Question 4.. To verify the initial
estinate, a preproduction load test program will be
conducted which will include loading a pile to yield in
order to determine the pile wrking capacity. The pile
will be top driven in a predrilled hole and vill penetrate
into natural soil. The load test will be conducted as
close as possible to the location of the preduction
Piles. In production, the piles will be installed in

the sSame manner as the test pile and will be tested by

Jacking against the building to 1.9 tizes the design
load .2

Results of the various subsurface investigations conducted
At the site alsc enabled an estinmate to be made of the
downdrag 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 tiroughout
the site. Downdrag vilues will be verified by pullout
testing during the preproduction stages. In th.s case, a
Pile will be driven in a predrilled hole in the sane
Sanner &3 the production piles. The pile will only pene~
trate through the fill and will mot penetrate tirough the
natural soil. The pile will be load tested in tension and
the downdrag will be estimated on the basis of this te.t,

Based on the above, downdrag will be factored iato the
final design.®




There i3 no need for additicnal borings as borinaes te
date, preproduction testing, and testing to be perforned
during production will provide sufficient information.




ACXILIARY SLILOING

After the discovery of the unexpected settlenent of the
diesel generatar burlding, 18 borings were made alonge he
southern poriion of the auxiliary duilding, both inside
and outside of the electrical peretration and control
taver areas. These borings penetrated the fill and were
ter=itated 11 the natural soil. e borings inclyded
macirg standard penetration testy.V

Ouri~g the (nitial site investigation by Dames and
Moore. borings were made in this general aces. Although
there has Deen no unexpected settiement of the suxiliary
Suilding and electrical penetration areas, inforsation
obtained from the borings indicated that it would be
AFPropriate to underpin the electrical penetration

areas of this structure. This will De acrieved using
CAL38QNS Bearing on the natural soils. This has been
addressed in the response to WAC Question 12 %W

The bearing capicity of the caissons to be installed in
Lhe electrical penetration aress was deterained on the
basis of lavoratory test resslts conducted during the
initial site investigation by Dares and Moore and has

Sean factared into the prelisinary specification for
Chisson construction. Bearing capecity calculations will
be trangmitted (n the response to Question 432. During
installation of caissons, each caisson will be load tested,
A Binioum of two caitssons vill be load tested to twice the
working load ond the remaining calssons will be losd
tested o 1.9 times the working load.''™

Downdrag may also occur on e calssons. Cstimates of
downdrag were made on the basis of rerults of soils
dorings made deneath che electrical punstration ares
foundations, These estizates will be incorporated in
the design. It should be noted, however, that downdrag
Around the caissons should be sinizal because these
calssons will be installwi with friction breakers and
bentonite slurry which are necessary to facilitate
penetracion of the calssons through the soil. Theree
fors, he friction around the calssons during service
1ife will be 2inimal due to e preseance of bentonite
Slurry. At leest the last 4 feet of penetration inte
the natural seile will be hand dug without the use of
friction breakers or cosing.'™

TRhere 18 no need for edditional borings because borings
t0 date and testing to be performed during construction
will provide sufficient (nformation,




COCLING FCND DIRE

The staff has requeasted that borings Se takes in certain
areas of tie cooling pond dike.

The adequacy of the design and construction of the cooling
pond dike 18 not a groper sublect for consicerstion in the
fearing on the SRC's December 6, 1379, Order *ditying the
¥idland Construction Mrmit. The scope of the hearing and
the Jurisdiction of the hearing board are lizited and
determined by the December 6, 1979, order. (See htlie
Service Corpany of Indiana, Incorporated, Farale Hil
NCTear Careracing

J NRC L67, 170, 1947,)

e lecerter 6, 1979 Crder clearly sets fortk the subrect
matter for & hearing ia the event one was requasted. Al
Mge 6§, the Crder provides:

In the event 4 hearing is requested, the Lssue o De
considered will be:

'

(&) Whether the facts set forth ia part two of this
Crder are correct; and

Mo ther this order should be Sustained.

e first lssue identified clearly provides ne basis for
&N open-ended reviev of the design or construct ion of the
cooling pond dike. No reference to the dike, & nonsafety~
reiated and non-Q-listed structure, is made is Parc T™wo of
the Order.

Ner would the second fssue provide such o Dasis., The basis
VEEA WRICh the order could be sustained is set fored in
Part Four of the Order. The ctest of Part four clearly
Indicates that the order was rendered pursuant to the
Atomic Energy Act, not BEPA. Purther, the Order 1»
Limited in scope to *remedial ections associated with the
Ll sctivities for safety related structuces and aystems
founded (n and on plant £111.* Nence, the purviev of the
PeAring Ls, Dy the direct terms of the Order, limited o
Safety Mviev of safety-related structures and systems.

As pointed out above, e dike L8 not Qelinted, is not
safetyereiated, and hence is outside of the scope of the
oils rearings.

ALthough this s en (neppropriate subject for WAC coneide
Gration in this maring, the folloving infornation indi-
CATON why the dikes ware adequately constructed,




Heavy equipment was used to construct the dike, whereas in
the confined areas of tne plant srall hand-held eSuizrent
was utilized in many excavatad areas. Prior to dixe
construction, the ares was stripped of all soil which
cortained organics and deletericus raterials., T™e area
was excavated to an acceptanie firm fousdation f3r an
AnspecLion trench and an iTrervious cutsf?l., The exca-
vation extended td 4 miniaum of 8 feet delow original
ground level ind a minimua of 2 feet into undisturded
materials of the irpervious cutoff,®

After completion of the excavation, the subcontractor was
recuired tO request an inspectior by the contractor's
field ongineers.

The clay ertarkrent fill material was then placed in lif:
thickressas not to exceed 12 inches and ccmpacted with
four passes of a S0-ton rubber-tired roller or equivalent
compactive effcrt., Cther equiprment used was qualified on
“9sT Fads using the proper raterials and ro!ler Fasses o
the ipove specification. Cther material sections of the
dike were also placed utilizing methods described adove.
Care vas emplcyed to ensure material sezaration tetween
iores of the e=tankment to prevent material contaminae
tion. If, for exarmple, the sand 2ome was to be crossed by
SGuUipSent, the area would 2o marked and the contamirated
Raterial would Le removed and replaced with approved sand O™

Inspacticns were performed by the fulltine subcontractor's
inspactar for lifc thickness, Proper material, voller
FASses, and moisture conditioning.® The inspector would
call for field density tests after SpFrozizately every
500 cudic yards were placed o verify that proper place-
Bent vas accomplished.™ Random over-inspections were
conducted By a representative of the apgpiicant during
norsal placement,

After completion of the dikes, severasl rithods of monitoring
the dikes wvere (@plemented. Twanty-four settlement monuzents
ware placed arocund the dike. All resdings show lictle or

RO settioment xcept for three monuments, which are located
4T the south' 4t corner of the dikes. These sonumaents

Shov agprosisataly 1-7/8 inches of initial settlement,

which took place Defore pond £ill. Since June 6, 1978,

only C.010 inch of settlement has _sen pecorded.'™m

Four holes were 4rilled in the dike to install power

ples., Trese holes extended Approximately from elevation §)2
to eleration €2) which vas the APFroximate water elevation
4T that time. Visuel inspection of these holes revealed
firs, well compacted material, which is docuzented in
inspaction reports by the contractor's gectechnical

“12«




perscnnel and describes the material in these holes as
fimm clay free of any standing sater. In addition,
penetrometer readings ranged from 1.8 to 2.7 tons/
squacre foot. In a bDoring taken for this activity, blow
Counts were tacen and srowv that the clay is stiff,
(Blow counts ranged from 1l to 4l.)

Prior to cooling pond fill, piezometers were installed
in two locations., Tiese wacre at the northeast dike and
the east dike at depths to 67 feet. At each location
there are ten fiezometers starting at the pond side of
the Jike and extending to the river flood plain on tne
cutside of the dike, Pilezometers ir the dike show the
sand drain s perforaing as expected. Standard pene-
“ration tests in the fill at these locaticons show blow
counts ocetwaen 10 and 60, with two exceptions at approxie
mately 7C, and two exceptiors near the surface at J and
7. Logs of these berings wi.l be provided in the
response to Q-estion (6,

There are 19 groundwater sonitoring wells around the
dikes, extending to var.ous depths from )2 feet to

234 feet, These ace used to moritor the elevation and
Quality of the groundvater. As sapected, water level
in the monitoring wells is fluctuating with groundwater
level changes.

Since completion of the pond fill there have Deean two
inspaction walkiowns around the dike by the contractor's
gectechnical personnel accompanied by the applicant. o
significent areas of concern have Deen identified.

This supports the conclusion that the dike is pezforaing
s intended.,

The soils consultants have advised against making addi-
tional borings in the dike now tiat the pond has dDeen
filled, because of posaible damage to the esdankaent
dus to the drilling operation.'®




A.

RETAINING WALL

The retaining walls adjacent to the service water pusp
siructure (Seisaic Categoery 1) and circulating water
PUEP Structure (nom=Seismic Category I) are both foundad
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
excavated and backfilled during the construction of the
SETrvVice water pump structure) from the sections on

After discovery of the unexpected settlement of the

diesel generator building, four berings were made near
the retaining walls. The borings penetrated the fill
and ware terminated in the natursl soil. Curing con-
struction phases of the plant, there were borings made
int3 the natural sotl in the vicinity of the walls.'™

Borings made adjaceat to the retaining walls show that:
(1) granular till was placed and compacted behind the
valler (2) the outer walls are founded om stiff to very
stiff clay f1ily (J) the inner walls are founded on
natural dense sands, and hard clays and silts that also
underlie the fill supporting the outer valls.

T™he soll parsseters used in the original design are
compired in the following table with the veiuves derived
from the borisy records and laboratory tests of che
801l samples taken to dats throughout the site.

Allowadle
Values from Boring

gq,n Vu!!n and ubon:og ?o!q

Naturel soil

Conesion 3.0 kst 4.0 kst
Bearing for
static condition 7.29 kst 12.9 kst
Bearing for
seisnic conditioa 9.63 kat 19.)9 kot

Backfill soil
Angle of internal

friction a0 3§
besring for

static condition J. 34 xat 3.) kot
Mearing for

feismic condition 4.29 kot $.0 kot

elde




The design values are within the parareters derived
from the 20rings asd laboratory tests and, therefore,
the design is conservative.

T™he factors of safety of the retaining wall against
sliding and coverturning, using the design parameters,
8Te witnin the reciirerents given in FSAR S.tsection
J.0.6.3.4. Sicpe stability evaluation based on berings
to date stow an adequate factor of safecy.

The messured total settleent and differential settle=
ment Are each less trin 1/4 (nch from Septerter 1978 to
July 1o "W

Therefore, additiosal dorings are not required {n this
a4rea Decacse availas.ie borings and settlement data
provide irformation sufficient for eval.iasior of the
adegquacy of the walls.
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ASCFATIAY TIST 2ATA
STV ARY COF SCIL PRCPERTIES

T IETITOIVE 2 - g' REATISNSHIP

L SO -,
8cring - Sasgple . ?' -:;;!d P’ -;._.I-_
- Test Series ‘@ (oef) (8) (2s2) (282)
™-0-20 11°.9 14.4 a,0¢3 1,130
18 - 3 - 222 b N 14.2 7.200 1,950
T8 = 3 - 228 1l4.4 16.9 3,138 1,235
MI-Cl-18 4.6 14.6 3.600 1,800
TR - 218" 1.7.9 14.1 6,000 3,13

uCTES:
“ ® dry =it weigtt
v * water coctent
?1 ® effective ma'cr priocipal stress

?’ * effective =incr princijal stress
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: Figure 8 (Sh 1 of 2)
(See Refarence 1)
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Personal Tata Suz=ary of M. T. Davisson
Pinl Yame: Melvia Thosas favi.sse Bimk Cate: 23 Secemder 191

Pregest Poeftfsag:

Prafessor of Civil Engiseering, University of Illisoils, Urtana, Tilincis
Caaswitizg Founiatioca Zoglaeer

(7 e

Sative of Chie. OCE frem University of Akroa, N.5. and M.D. frem
Taiversit of [lliseis. Larlier wvork expericace ves ia coe-
straction and structarel eagiseeriag.

Caz2s%32g:

Pifficult Mundations in waterfreat comstruction inecludiag DulkSeeds,
cofTerdans and pilers; brecad cuts, wederjicalag, grain storsge
ptruacturey; protectivw comstrwstion to resist suclear blast;
deep ocean 901] mezanics; fowndatics vidreticns; deep foundatiocss;
dyzealcs of pile driving. Uzasples are: Nuilsen Piver Pler W feor
the EZoliasd-Azsrics Llaes; Bulkreed spporeing MeTormick ?lacze i3
Qiizege; Srala Tersi=al at Sorel, P. §.; Plle fourdations for
weks acd Cams ia tor Arkessas River Prolect; Ninuteman-type
esastruction fer U.S. Aur Perce; Shelter cocstructiocs far U. 8.
Arzy scd Javy; Research protlems ot Jeveada Test $1t¢ eand
Suffield Lrperizental $tation; Yecomwndatiszes for R ead £ pre-
o L3 devp-ocean engineeriag for U. §. Savy; Pile suppored
riovey extersions at Laluartdia 7ield faor Pars of Jev York
Astdcrity; R and D en vidretary pile driviag for Shell 041 O».;
Favadation vidratisspreiLen, Lovlying aleciris $oves viante
md struct Tes such o the Jo. 1L Sevsprist "ashine fer Price
Bros. ot Alaa P. Q. Tereign projects 18 Purope, Asis, Sowth
Aseries, Central Amsrice, Cansada sad Puarto Aice.

Reses=zy:

Betavieor of deepy foumndations (plles, drilled plere, ete.) Settlesaat
of foundations. Soil @yuaxics. Moundation vibratioms. Y mice
of plle driviag. Yave squation ssalysis of lupect aad vidrstery pile drivisg

Several courses (a v0i)l mechasics and oundatiocs englae~ring for semisry

wmd graduate students. Special comise i doep fo.:uua- for sde
waced graduate studeats.

Techaical spd Pro“esyionsl Jogieting’

Aserican Soeiety of Civil Engrasore
Anerican Concrete l[nstitmta

Aserican Mallvay Dugineering Assecistica
Azerican Seciety for Testizng end laterials
National Society of Professiomal Engineers
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Personal Data Suz=ary of M. 7. Davisson, contimued

Cez=itles Ventorgling:

Aserices Pallvay Ezgizeerizg Associsticm, Cax—ittee 8, Cozzrete Structres
acd Foundatioss.
Azericas Coccrete Isstitute, Cos=i{‘tee 543, Concrete Plles.
Asrices Soclety of Civi) Zngiseers, Cocmittee on Deep Feundations.
Azaricea Society for Testing and Materials, Com=iitee D-18, sw. 11,
Tests ca Deep Foundations and Constttes D=7, Bub. 7, Timber Piles
Bighvey Pesearch Board, Cozzitter o3 Soils, Ceology and Youndaticas,
Qairzan, Subcomzitiee os Aridges eand Other Strectures.

Prefessicsal Exguneer - Chio ead Illisols
Sirustarel Engineer ~ Illineois

Re=svs and Avards:

Pozipiest of the Secsnd Arvual Alfred A, Rer=cod Avard, 1579, for the
Feper “lateral Stalility of & Flexidle Pler.® [First plaze svard
i3 izter=atizzal cc=petitics Zor origizal pajers oo famiatios
esgizeering.

Recipiest of the Jolltagvoed vize, 1364, presested by tae Azericem
Society of Civil Drgizeers P2r *he Jeper, “lat-~ally loaded
Piles ia a Layered Soil tam.”

Prd2i

LA

See attached list.



M. 7. Davisson

Publications:

10.

,'.

.

R, B, Peck, M. T, Cavissce and V. Mansen, discussion of: °Satf)
Molulus for Laterally Losted Prles,* by 8. "cClelland and J. A,
Facne, Jr., Tramsactions, ASCE, Vol. 123, 1953, pp. 1055.1C65.

M. T. Davisson, discussiom of: “Expericenta) Study of Beers on
Elastic Foundations,” by @, L. Thess, Proceedings, ASCE, vsl. 87,
No. EM1, Febrvary 1961, po. 171-172.

D. U. Ceere and M. T. Davisson, "Bahavior of Grain Elevatar Founda-
ticns Subjected to Cyclic Loading,® Proceedings, Fiftn Intsenational
Conference on Soil Mechanics and Foundation Engireering, Paris,
Vol. 1, 1361, pp. 629-833.

R. 8, Pecx and M. T. Cavissen, discussion of: "Design and Stadility
Corsiderations for Unicue Pier,” by u. Michales and 0. P. 8i1lingtea,
Transactions, ASCE, Vol. 127, Part lv, 1962, pp. 414.424,

R. 8. Pect and M. T, Davisson, discussfon of: “Friction Pile Sroups
in Coresive Sofl,” by R, L. Kend-er, ProceeZings, ASCE, Vol. 83,
h- m. &bmr’ 1553- ”- z79'235.

nT, Dllvfssm and N, L. G117, "Laterally Loaded Piles in 4 Layered
Sofl System, “Proceedings, ASCE, Vol. 85, No. SM3, May 1963, pp. 63-94.

A. J. Hendron and M. T, Davisson, *Static and Dyran’'c Betavior of o
Playa 521t in One-Oimensioeal Compression,” Technics . Docurentary
Regor: Mu. RTD TOR-63-3078, AFiL, KXirtland Afr Force Base, Senterter
1963 y

M. Rare, R T. Cavisson, R, £. Olsen and G. C. Sinnaron, *A Study of
the Dynamic Sefl-Structure Intaraztion Characteristics of Soil,*
Tectniza) Jecurentary Report Mo, RTD TOR-63-3116, AFWL, Rirtland
Afir Force Rase, Decender 1563,

M. 7. Dav'ison and S. Prakash, "A Review of Sot1-Sole Behavior,”
Nishay Reseasch Recard Mo. 39, MAS-NSC Publication 1159, wesnington,
1961, pp. 25-43.

R. T. Davisson, "Estimating Buckling Loads for Piles,* Proceedings,
Second Pan American Conference om Soil Rechanics and Fourdation
Engineering, Brazil, Vol, 1, 1963, Pp. 381371,

A. J. Wendron, Jr. ead R, T. Davisson, "Static anc Dynanmic Constrained
Poculi of Frenchran Flat Seils,” Proceedings, Symposium on Soil-
Structure interaction, Tucson, June 1964, pp. 73-97.

N. T. Davisson and T. R. Maynard, *Static and Dynamic Compressidility
of Suffield Cxperimental Station Sails,” Technical Report Ne.
W TR-64-118, AFdL, Kirtland Air Force Base, April 1965,




13. N T, Cavisson, diseussion of: “Buckling of Long, Unsupogrted Tinter
Piles,* by €. J. Klonn ang 6. T. Mughes, Proceedings, ASCE, Yol. 91,
No. S¥3, July 1963, p. 224,

",

15,

16.

17.

18.

19,

21,

2.

au,

* T. Zavisson, T. 0, reynard and V. 6. Xofle, "Statie ang Cynamic
Behavisr of Sunds ia Ou-mmmionu Cnmnm.' Tecknical Rezore
No. AFl-TR-65-29, WL, Kirtlend Afr Force Base, Cece=ber 1965,

R. T. Cavisson and 1. . Rebinson, “Bending ang Buckling of Partially

EnSedled Pileg,* Praceesings, Sisth Internazions) Conference on $o11
Nes and Foundatios En,innring, Moatreal, vel, 1, 1968,

”o 2‘3‘“-

B. T. Davissen, "Cesign of Deep Founcations for Tall 8.11¢1ngs tader
Latera) (204, ?rc:ndmn. Structaral [.'\qirurinq In Molern Builcing
Cesisn, 1111nots Strctuna) tng'.nnr'lng Conference, Chicage, 1968,
pe. 157-174,

A. M. Hater and N, T. Cavigson, Prasurecenty of Pile Losd Transfer,*
AST™ Szec1al Technica) Pblication, Ne. 48, Symonstum on letp
r’cuna:ions. San Freacises, 1568, pp. 106-117,

M. 1. Davisson and J. R, Salley, “Latery) Load Tests un Orilled
Plers,* AS™ $pecial Techaica! Publications mg. 444, Srpcsim g
Ceep Fourdations, Sea Fraacisco, 1963, pp. 68-33.

M. T. Davissen and v.J. Relonale, “Energy Measurements for 8 Diese)
Nexer,* ASTR Soecia) Tecmica) Pdlication, ™. 444, Srrpciium on
Foundations, San Frascisco, 1958, pp. 29533,

M T Cavisson, listuuiou of: "Skim Friction for Stee] Pi1eg in
53rd," by Harry N, Coyle ma 1. . Sulatman, Proceedings, ASCE,
Vol. 95, mo. M, Janwry 1969, pp. 373-324,

A, M, Herdron, Jr., M, T, Savisson and J. F. Merola. “Cffect of
Degree of Saturation on Co-arusimity of Soi's from the Defenge
Research Estad!ighment Suffield,” Report $-69-3, Katerways CExpericent
Station, Vicksdurg, Misstssippt, Aoril 1969,

R. T. Bavisson, "Static Measyrements of Pile Senavior,* Proceedings,
Conference on Design amd Imstallation of Pile Foundations ang
Cellylar Structyres, Lehigh University, Eethiehen, April 1970,

pe. 159-164, .

N. T, Davisson, “Desion Pile Capacity,* Proceedings, Confersnce

on
Desirn ang Installation of MHle Foundations ang Cellylar Stmctmm.
Lehign University, Bethlenem, Agr1) 1970, »p. 7%-85.

N. T. Qavisson and 3. R, Salley, "model Study of Laterally Loaded
”’.S,‘ 'mt“‘m. ‘m. "o ”. Ro. mo 9”." "70.
. 1605-1827,



2.

M. Alizacdeh and M. T, Cavisson, "Latera! Load Tests on Piles -
Arkansas River Praject,® Proceedings, ASCZ, Yol. $6, Mo. S¥s,

R. T. Bavisson, “Lateral Load Cagacity of Piles," Highway Research
Recerd No. 313, Washingtzn, 1370, pp. 104-12,

M. T. Cavisson, "BRD Vidratory Oriving Formyla,® Foundatien Facts,
'0,. ". “. '. "70. ”o "“o

R. 7. Davisson and J. B, Salley, "Settlement Historias of Four
Large Tanks on Sand,* Proceedings, Performince of Earsh ad Earth-
&ap:or;.od Structures. Purdue University, Lafayette, June 1972,

”c “ .”..o

N. T, Davisson, "Settlement Wistcries of T P1le Suczerted Grain
S11e%," Proceedings, Performance of Earth end Earta-Supported
Structures, Purdue University, Lafayette, June 1972, pp. 1155-67.

M. T. Cavisson, “Inspection of Pile Oriving Cperations,® Technical
Report M-22, Departrent of the Army, Construction Engineering
Research Latoratory, Chargaign, July 1972,

N. T. Davissan, "Mizh Capacity Piles,® Procsedings, Lecture Series,
Inncvations 1 Foundation Construction, 914/, Illingis Section ASCE,
G'Cm. ‘,7”‘

M. T. Cavisson and D. M. Respe, "Qave Theory Simplified.” Piletalk
Semisar, New Jersey, 1974, ’

R. 7. Davisson, "Pile Foundatisns and the Computer,® Use of Cumouters

in Faundation Dutr and Construction, Metropolitan Section ASCE,
New York, April 1974,
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hame: Alfresd U,

ne“gran, Jr.

Acdress: 22232 Civi) Enzinsering Suilding
Lniversity of 111%ngis at Urbes

Lreass,

IL €22
Cate of Bipes. 537
Marisal Scac.s:

Citflemsuis:

natyra) 8:m - U.S.

1563
Ursera, !1lingis

Criveesity of 1114ngis

wroara, [1lingis

WNiversity of 1111ingts

Ursama, [l1lingis

Pogitismg We'4

Sectetes 15370 « Presers
Septecier 1363 « Sertemder 1370
Sectemler 1965 - September 1368

Septemter 176] - Septesver 1365

wit@ 1361 - Septerder 1363

June 1360 - Septemser 1960

Married with 2 children

Vitveesity ¢f 1114ngis

e-Chamzeisn

Soil Yechanizg
FounZations

Geslogy
Theoretical and
Applied Fechanics

Civil Engineering

Civil Engineering

Professor of Civil Engineering
University of [11ingis

Assaciate Prefessor of Civi) Engineering
University of I1linois

Assistant Professar of Civi) Engineering
University of [1linois

1AL, U. S. Army Corps of Eagineers
Research Engireer U. S. Army ingineer
waterwi s Experizent Station

Research Assaciate
University of [1lingils

Engineer, Shanncn § Wilson
Sotl Mechanics and Fousdation Ergireers
Seattle, Washingtan




Alfred J.

CPffizeg “a'2 32 aongn o5-

Headreon, Jr.

Y2288 3 crifessicmal societies

()

(2)

inj (8)

(10)

()

(12)

j‘n
7

re=er of the Pasaprch Coomitise of tve Soil Pechazics and Foondaticag
¢ivision of tre Aserican Ssciety of Civil Ezgineers (1557-69).

Pe=ter 0¥ Sutss~i1%ee 12 of Ce==itsee 0-13, ASTM, Preserties of
il ang Rsze, 133-1570.

Q-chair=an ¢ Pave) en "Strass Yave Prozazation ie Seils,.*
internaticral Symsgsiwm on So1t

Cymamics, AlSugersue, New Mexica,
Spensarec Oy i5CZ & NSF, Avgust 1967,
Panel memler f3r *Qynaric Lacding,” Sessicn of a naticma) Scezially
Cenfarence on Plazerens and [morovesers of Soil ta Sizport Stmuctires,®
socrisred by e Soil Yachavics ans Fiuncatizrs Divisign of tue
Reerican Sciiasy 2f Clvil Ergiresrs, 1.7, Acgust 1933,

A2ril 1963 - Zave Tectires en F3Ck zechanics to Metrspelizan Seczion
ASCE, New Yzt Cizy,

sve lectires on rack mechanics o Metrzaslizan Sectisa

ingesn, 3.€C.

Selected o give a lacsure on “Field Instru=snzation s the Cesign
¢f Undergraund Stristures in Az " Petrepolizas Section, ASCE,
New Yark City, May 1970,

Penel ze~Ser on “Dymamic Loacings and Je‘creations,* Sessicn for
ASCE, Scil Yezsanizs ard Foundations Divigioe Specially C=“erence
oa “Lateral Stresses in the Grownd and the Design of Earsh Re-
faining Structures,” Corell Untversity, Jure 1670.

Ydulus of Reck FousZations,” ASTM
Srescsiva on Ceformation

‘regerties of Rock, Denver, February 1963,

Selected by MSF as one of the U. S. Me=ders t exchange meeting with
Jizanese Engireers on the Tozic ¢f Ground Mesions produced by
edrifgLakes, U, of California at Berkeley, Auguss 1843,

YerSer of Corrittee on Soil Oynamics, Soil Mechaaics Stvision,
ASCE, 1970 - presest.
Penber of Pudlications Comitiee for

Jeurnal af the Soil Mechanics
ard Foundations Divisien, ASCE, 1970

- present.,
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A.Tred J. Benzran, Jr.

Exa3les of Foo~2itica Erziceering 214 Caesnsvate frcireering Exzecisncy

1. Canguiztant to Willigms 3rathers Consoruction Cemzany o1 slcpe
statility groslems emcsuntered in carstruction ef the Transandean
Pigeline in southerm Calc=sia, S.A.

SrsLTiant 09 Wasduasdllwde 204 Assaciates on the Femation Cesign
of Cavis-Sesse Xuilear Reazizr far earihjiake lsadings.

Consulzant, as an assccia
for a 4 stor, il
1cading.

te of Or. N. M. Newmark, on the founcations
ng in VasgSuver, B.(., cesigned for earihiuake

Consuliant to Waterazys Exgerizent Statisn en the Sarthguake
Stadilizy of Ca= Slcses.

Carsuitant to M. 6. Acres Ltd. on Seissic censideraticns for
Nuclear Resctor Fouszactizns as a part of a study for 6 Yew Exgland
States on Projected Power Nesss.

Consultant, as am associate of Or. N. M. Newmark, %0 the Divisions
of Reacior Licensing and Reacter Safety of the Atcmic Energy Cazise
sion, on the alecuacy of nuclear reaccar foundaticas = resist
eariilizke lcaling, Seztester 1557 - sresent. The fellowing is a
1152 of the Nuclear Power S:azian Fowmcations reviewed during this

tize:
Ft. Calrom Armgld

Coape= ?ilgria
Surry Crystal River
Shorehaa Prairie Island
Salem Farley

Rancho Seco Calvert Cliffs
Diatlo Canyoa Oconee
Secucyah Irdian Point
Katch Bailey
Brunswick 0. €. Cook
Kewaunee lizmer
Fitzzatrick I Mile Island
Ferai Russellville
Turkey Pofat Eastom

e

7. Oymazic stadility assessment of 3 TVA dass ssdjected t3 design
earthquakes.




R1frec J. Pendram, Jr. S

Excerierce on Degier of Protecsive Stmuctures and %ocear Effeceg

Ko Consyltant to TRW Systems, Redandn Beach, Califamia on By=e=ic
S3i1 Progerties perzirent to the harcness of the Minuieran System,

& Fresently cemter of a panel in Dest. of Deense 2o review design
of all Safeguard Strctures for Vuinera2ility and hargness.

Consultant to Oraha Sistrics Corss of Ergineers on the cone
struction of unergraund proteciive structures in rock.

Consultant t3 Air Force Space and Missile Systems Organization
on Harcness of Minyteman Structires as an dsscciate cf Or. N,
M. Newark,

Consultant on presless fn o] dynamics ard
C. S. Arzy Engineer helerways Exgerimen: 3w

r2ik mechanics 23 She
tiia, VicasSerg, M.

A merder of the "Oecaupling Advisory Grous® formed By the Ceferse
Aeric Suzsare Agercy. Res;cns::ﬂi:y 1§ 13 cswrent en statility
pradle=s waich Bignt Ce encaunterad in Wilding uncerzround Cavities
102-2£0 £t in giameter and t3 give the shear sirersih procerties of
rock masses which are f=zertant in ceterzining tre cezsuzling charac-
teristics of cavities over-driven by the detonatiom of a nuclear Cevice.

Received Army Comencation meda? fn 1565 for rexresenting the Chief

of the Cszrs of Engireers s 2 congyltane T3 the Norwegian Governzeat
and NATD om the engineering of large undergroung facilities,

Recent Puslications

"The Beravior of Sand in Cre-Dimensiznal Comgression,” Pu.D. Thesis, U
of I, Cezt. of Civil Eagr., July 1963; *The Cynamic Stregs-Stezin Relations

for a Sand as Deduced By St.idying its Shock Kave Przagaticn Craracteristics

in 8 Lascratary Cavize,® w/T. E. Kennedy, Proceedings of the 1564 Arzy Science
Syososiam, Vel. 17, Wese Paint, X.Y., June 1964; "Static and Uynazic Con-
sirained Moduli of Frenchean Flat Soils,” with M. T. Davissen, Praceedings

of the S/~pesiua on Seil-Structure Interaction, Univ. of Arizana, Tucson, Arizong,
Sept. 1364; “Camage 0 Model Turrels Resulting froam an Explosively-Procduced
Impulse,” with G. 3. Clark g J. N. Strange, U. S. Army [ngineer Katerways
Experiment Statiga, Yicksburg, Mississipat, Research Renort No, 1-6, Report

1, My 1365; "The Sezign of Surface Construcsion in Rock,” w/D. U. Ceare, F.

C. Patten, and E. 4. Carding, Ch. II fa Faflure ang dreskage of Rack, Anerican
inst. of Mining Metallargical and Petraleun Engineer, 1967, *The Effect of
Soi] Properties on the Atlenvation of Air 8last-Incuced Ground Hotions,* with
R E. A, 2p. 29-47, Proceedings of the International Symposium on Vave
Propagation and Oyramic Praperties of Earth Materials, University of New
Mexico Press, 1968, “Mechanica) Properties of Reck,” Chapter 2, pp. 21-53,
of the dock *Rock Mecranies inm Engincering Practice.* edited by K. G. Stagg
¢ 0. C. lienkiewicz, pudlished % John Wiley & Sons, Lendon, 1538, 442 9.




afre! J. hendrgn, Jr.

w ramic cetavior of Rack Masses,” with K. K. Adraseys, Chapter 7, po. 253-

235 of the Scsk "lock Mechanics i Engineering Fractice” edited by L. G.

tragg ané 0. C. Zienciewicz, sillished ¥y Jsha Siley 822 Sors, Lones=, 1543,

822 pages. “Sourdation Explcration for Interstate (G Bricce gver Wississigod
Jiver near Roct Isiand [11in0is,” with J. C. Gass'le azd G. Way, Prozeelings

of tme Tweotiot” Anrud] FigTvay 3e3icgy S/m:38tem, Lntversity of Jliirngts,
f-3ireering fxzecimest Staticn, Urcanma, 135 2. "Co=zressitility Charazteristics
ef Shzles Peasured by LaZcratory and In Site Testi,® with G, Pasei, J. C.

G=2le and G. way, 95, 137-153, ASTM Special Techrical Puldlicatien o7,
wacee=inatisn of tre In Sity Modulus of Deformticn of Reck,” June 1570. “Reck
o3 ~eering for Lnde-srsurd Cavers,” with €. J. Cording and 0. U. Seere

[in Pusiizasicn, ASCE Yraceedirgs of a Symsasiva on toe Design of Large
f=dergroune Jzenings, Pooenix, Arizona, February, 1977). “C,nemic Saasility

of Qeck Slzzes.” with £. J. Cording, (!m Pualization, Proceedings of the 13:A
t,~a0siua o Reck Veshanfcs, Lniv. of [1linais, 1871). “State of tre Art of
€=¢s.3eaund Turneling,” wi.a 2. 8. Peck and 3. ¥straz, Praceedings cf the st
Szreh American Rasid Sxcavaiion a~d Tunneling Conferesce, Chicays, 11ling's,
Jone S5e7, 1972, AIME, 1§72, 42, 283-286. “Specifications for Contralied
Tasting 18 Civil gngineering Proiects,” with L L. Ceiard, Praceecings of i*e
Tst herth American Razid Excavation and Tunmel g Con‘erence, Chicaso, lilincis,
J.ne S5=7, 1572, AIME, pa. 1385-1410,

foms.tting Exzesience Directly A23)icadle for the Desfen of La-ge '»le-cro.nd

wa-sers f:- Siirace

1. 1370-present: Consultant t3 Gulf C1) en & large underground ChasSers
far starage of gas, Farnett Dome, Texas.

2. 1972-gresent: Consultant t3 Dome Petrolesm on the wie of salt caverns

in Windsor Canada for gas staraje. Caverzs in ‘ervice now, status reviewed
J or 4 tizes a yeir,

Cars.l%ant to Mortan Salt o= cantrel of salutien mining in the fellceing
prinefields

Port Myren, Michigan

Rittman, Ohio

Wutchinsan, Kansas

Consultant to the Solution Nining Research Institute on subsidence and
cavity stability
Rescrt €1 4 stidy of sinkhole deve'soment adove cavities 1n two
prinefieids ang discussion of means for deteciing this Sehavior
sufficiently in advance to prevent such dehavior.

Consaitant to SASF-Wyandctie, Wyandotte, Michigan on control of subsidence
and pravention of sinknole formation abcwe cavities in decled salt,

Consaltant 29 Juke Power Co. on current design of Bad Creek wnderground
powerhouse.




Alf~ec J. Handron, Jr.

Past consultant ta Drftfsh Calumhia W 2rz-2ut*arity on s2asility of she
Portage 'suntain Unde-sround Powerhause. (35 ft span, 1200 2 lcng, 180
ft high).

Cansuliant to Morton Salt on the 2ossidle use of the Silver Springs Srine
fiald for gas storage.

Consuizant 29 U. §. Cepariment of Deferse 2a einy tuenels and undargeound
chamSers 2t Nevada Test Site,

Past consyltant to U, S. Corss of Engirears on the use of large underground
structures in rock for protective constructics.

Consultant to RATO ard Mormcegian Govers=ant in 1565, as a Corze of Engi~eer
e icer, on large underg=ound chaster canstruztism. Receiws Army

cozrendation medal for this asyigirent,




Ralph B, Peck

8. 5., C'v”:(qiu.rﬂ’
Rensselaer Polytechaic {nstituts

0.C.E.
Rensselaer Polytechnic lestitute

Post-doctaral studies, Eagineering
Marvard University

1111nofs: Structural and Professions] Crgineer (1942)
Merter, [11inois Structurel fngineer Caamining Board

1956
Californfa 1963

F1Re: Ralph 8. Peck - Civil Enginaer: Geatechaics (1975-Present)
(Bechtel Consyl tant)

Grrrines
nd QUALIFICATIONS:

dewry

S Years: Internationrally kaowm comultant on foundation and

SRy conditions for tunne's, heavy loaded
STPCtures, ond swbways. Former professe. of

tion engincering at University of 111 1netsg,
B, Pock 13 the sther of Rore than 70 technical
pblications dealing with foundations, eerth
prefsures, tumnels, slopes, otrthdams
colleborated on k‘l

-

"1 warded e Rorman
Saciety of Civi) Enginaarsy.
O, Peck 15 0 intarmational 1y kncwn omyl tant
specializing in sef) mechanicy and foundation

engineering. Me nas Iavestigeted dracing systess
for spen cuts for ruways and ®eD excavations ang

dams 10 the United
11, Costa N1y,
The ‘Mltnin

NS served o3 comseitant oa Ya

States, Colomdta, Puarto lia.'nn
Britisn ““". e h'.'ao
IsToncs, Cona! Zone, and Greece.

'nruurhahumamoﬂh beerds of
Consuitants for flexidle Sav i ng Qur, pipe cover
Studies, the Garrison Cam Test tunnel,

for the Sevennsh Ryer project, namic sl testing,
Lincaln A78 nissile sites for the Corps of Ingineary,




Me has alsy weried an @fense Prolects for the Rand
Carpenation, the Romu -0 ldridge Corxoration, and
the Aerospace Corporatien,

For tenty-five years, gr. Peck m?m on the college
Tevel. He was 2 lecturer ot Minols instisuty of
Techwiogy, then assistane professor, assoctats pro-
fessor, and professor of founcation eginedring at
University of [11ineis.
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Mr. J. W. Cook

Vice President
Consumers Power Comgany
155 west Parmall Rgae
Jacksan, Michigan 43221

Dear %r. Cook:
SUBJECT:  REQUEST FOR ACIITICONAL INFORPATION REZARDING PLANT FILL

We Aave reviewed F responsas tO our requests ¢ ‘overter 19, 1979
regarding the quality of plant fil1, effects anc reredial actions resulte
ing therefrom. Qur review 15 Daing performed with the assistance of the
U. S. Arwy Corps of Engineers. We and they find that the results of
additiona! explorations and ladoratory testing fdentified in Enclosure )
(Reques® 37) are needed 2 suoport required geotachnical engineering
studfes. Details on the extent of these studies will Be provided shortly
by secarate correspondence. Enclosure | 1s provided in order that you may
initiate plasning of the required axplerations ia & timely menmer. Now-
ever we Sugoest you dwe it receipt of these further detalls prior to
physically deginning the explorations. Enclosure | (Footnote & of Tadle
37-1) also includes recuests for advanced nctification of the avatlad!lity
of certain sarples.

As noted In our Request 37 of Enclosurs 1, your position in previous

responses to Requests § and 35 not to complets additiona) explorations, L
sampling and laboratory testing after preloading continues to de vaaccess: * |
able to us. So that you might Detter understand our position, we offer ~ ,uf

the following observations: / '

? .9
The preload program as completed on the Ntlfb?mt uu'ul&':\ A
which were placed for the purpose of structural f111 13 not | "Y'
necessarily an {sprovement, nor dees 1t necessarily produce

ﬂ ’
tion s0ils of more unifore ingineer! reies, compared o The wt i 4% .
sojl mtnmmu@!zifmulm 1 The sterislNad deen *;& O
\ rot;«ly compacted to tTrigingl recuiremer I TUTIONT T the ¢« n”
\ Midland PSAR,

To develop reasonable assurance of plant safety, the recuired studies
4re needed to serve As.an iadependent verificaiion of ghe pragictions
of future settiements and the conclusions of the preloed prograa.




. W. Cook -2- SN 30 80
Shedl-— gt

/‘ -
) {TN required studies will permit an estimate of total and d'Nvonz'ﬂ\.’ ,."
L' | sattlement for involved structures and systems following drewdown ;!
Vﬂ}! with the progosed permanent dewatering system, ‘ :
/18)  Certain aspects of the prelcad program, such as the complication o -" |
t 1ntroduced Dy the simitaneows raising of the cooling pord reservetr I.” '
U present difficylties ta our full acceptance of your conclusion of the , * .
sreload program. T

-
'
’

faclosere | also incluces other requasts for information which we and the
U. S. Army Corps of Engineers need t0 continue Our review.

we wou'4 acoreciate your ressonse o Enclosure ) at your earliest cosortur:ily.
A zartial reply Based uocn 2ata already avatladle shou!d De subritted

rather than T2 await the resyits of new Dorings 4nd tasts contained in

sarts of Enclosure 1. Should you require clarifications of trese recuests
1nd pesitions, plesse contact us.

Sincerely,

&‘ (0l l—
A, Schwencar, Acting Chief
Licensing Branch No. ]
Avigton of Licensing

E~clos.re:
Ay stated

¢c:  See next page




Michael 1.} Der, fsq.
Isham, Lice'n § "cale
Suite 4200

) First Katicag! Plazae
Chfcago, l1lmgrs #240)

Judd L. Racor, [sq.
Paraging Attcrney
Corsumery Poser (o Tany
212 Nest Michigen Aucnue
Jachsom, Mighigan 45201

Mr, Paul A, Perry, Secretsry
Corsumery Power Comsany

212 West Migvigan Aenve

Jackson, Michigan 5201 .

Myran R, Cherry, [36.
1 16" Plaza
Chicage, I11ingis t2811

M. Mary Siclanr
$717 Sewerset Orive
Midlang, Michigen 42640

Frenk ), Kelley, [sg.

Attorney Caneral

State of Micrigan [rviromenty!
Protection Jivisien

120 Low Butleing

Lansing, Michigan 4891) .

e, we~dell Pargngld
Route 10
Migland, Mighigan 82640

Granmt J. Merritt, [sq.

Thompson, Nielten, Rlgveriemp & Jamcs
4444 (05 Center

80 South [igMh Street

Rinnqapolis, Minnesots 55402



Comrander, Na.a) S.rface heapons (enter
ATTa: P, C. Muang
G-402
White Qak
Silver Spring, Maryland 20910

Mr. L. J. Auge, Panager

Facility Cesign Engineering

Energy Technology Engineering (enter
P. 0. Box 1449

Canoga, Park, California 91308

Pr. William Lawread

U. S. Cerps of Engineers
NCEED - T

7th Floor

477 michigan Avenue
Detroit, Michigan 48226




ACDITIONSL REQUESTS RESSSDINT Min™ Flit

Ne have revienad your response to Request 24 and fiad that
iaformation from additional boring logs is meeded.

Provide the boring logs for the following explorations:

4. Pull down holes P-1 thry P0-27 (35 holes that include
BA, 204, 208, 20C, 154, 153, 15C and 274)

b.  LOW-1 thru LON-14 (14 holes)

€. TW-1 thry TW-5 and PZ-1 thry PZ-48 (55 holes)

d. OM-1 thru ON-5 (5 holes)

e. TEw-l thru TE-3 (8 Meles)

The Togs should include date and method of drilling, the type and
location of sarples atterpted. Also provide the locatioms, Dcring
Togs and availadle test data of any exploration completed in 1579
and 1580 which has not yet been submitted.

Your position in previous respomses to Reguests 5 and 35 not to
complete additional explorations, sampling and laboratory testing
following the preload program continues to be unacceptable. e
require that you corplete as a winimys, the exploration and test-
ing program indicated by Table 37-1.

Discuss the foundation design fo- any seismic safety-related piping
and conduit commected to or locited under the Radwaste Building and

Tur?ill Building where piping asd comduit have been placed on plant
fill.
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Table 37-1 (contim0d'

KTES:

See attaches Figs. 37-1 and 17-7 (or acorexirate doving
Tocation. Noles t3 De accurately located in the fie'd to avore
obsirections, wadewjrand pizing and conduils and sl.rry treec®
area.

Bo boring is T3 De terwinated im locse or soft sofls.

Contimuows 52711t sp00m sarpiing ssing SP7 15 requires. Wgies are

T3 be "e'd coen ys'ag either Casing or Nollow stem auger. Acligng!
Dorags 0 abtain representalive or2iiturted sarsies for detavled
Tadoratary testing should e Tocated 4t the corglet'on and e'evat'm
of the split socor sarpling program.  The grounceater Tewe! 23,79
be recsred at the corgletion of dmlling 1n 311 derings orse tve
leve! nas stanilized. .

Norma® classification (e 9., gracation, Attertermg Li™23) 2 weis™t
anc mgistyre content tesling 3 de Derfor=ed on recrese~tal've 2T RS
from each significant fourcat:ce Tager. T™h's columr serta'®s 3 100

testing 7 acgitior L3 the abcve mentigred ests. I 15 resuesies
that ot Teast ome week notice De provided ta the NAC defore coeting
wndisturded sapies to Jerniit on site visual abservation By Corps
of Engineer representa’ive.

The raxi=um Toad shou'd De great emough to e3ablish the sivaight-line
portion of tae woid ratio-yressure curve.

Setatls on e extet of geatecizal engireering stgtes 23 2
copleted uiing thwe result, of fleld and Tad testing work wiil
be provided in & separate latter.
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M. J. 4. Coom ferin
Vice President F..e -3¢
Corsers Ponmr Corsary sc: tamera.
1345 wast Parmal! Road TRt gery
Jachgon, Michigem 40N Yar. se.zer
e S
Dedr !'r. Cook:
SUBJECT: CCRP OF DWGIALLRS REPORAT AND RECULST FOR ADDITIONAL INFORFATION
ON PUANT FILL

By letter of Juw X0, (980 recuettad the retults of aag'tiora) explorations
end Tadoratory trsi'ng needed O 1.0DOFT CaTtA'A geotecmical engineering
sludies on the ™dlend plant 7111 and a1soctated remedral actions. Mat
letter notad Nt datails on the eatent of theie studies wou'ld De provided
by sepirete corrmpondency. [Inclosure | 15 4 'etter meport of Wiy 7, 1990
by owr consuitant, the U.5. Amy Corps o7 Inginaers, ond 15 forvarded o
thi s end.

Parsgrige & of te Corpe Jport 1dentifies adf'tiong] Infar=ation nqeded 0
resolve spec!?ic prot'emy tdentified In paragragh 3. For purposes of com.
trel, v Mave re-aurered the L1ubparegraort of paragragh 4 to o sequential
with Our prigr requatts on thiy 2atter. They Nave 4130 Deen martod
reflect the retuits of MR revigu. Tour 7g !y 1nculd refarence the mavised
AFTeTing S1%e and 1hould adarets the requantt 4% martad 0 meflect owr

chengas.

Suboarsgraph &) of e Coroy meport entitled Liquefaction Potential, 'y met
Ingluded 1A Sur M-Areering 11ace 1t represents a0 evaluation rather then
O reguiit. W Convider tA'y evaluation to De tentative At tAly Ling since
1t i9 subjec: 1o the Mtermination of 1uitadle setumic dovign Input for U
site. @ will adress thY mattar shortiy By woerats correipondencs.




AUS (880

Me would acoreciate your realy 4t your earliest cpportunity. Should you
need clarification of these requasts for additiona!l information, please
contact us.

Sincerely,

<f:’? JFS;{z:fﬁﬁ((?’Z————

A. Scwancer, Acting Chief
Licansing Sranch No. 3
Dtvision of Licansing

Enclcsure:
Cof Letter Regors
dated 1/7,/%3

cc: See rext Jege




cc:

rozhael 1. "Mller, fs3.
Tsham, Lingain § Beale
Suite 4200

1 First Neticral *laza
Chicago, Illingis 60603

Judd L. Bacon, E3q.
¥inaging Alorney
Cansumers Fower Company
212 Nest ¥:chigan Avenve
vackson, Michigan 45201

Pr. Payl A, Perry, Secretary
Cns.mars Power Comrany

212 west M chigan Aenue
vackson, Mchigan 43201

Sron M, Cherry, £3q.
1 13* Plans
hicago, lilinols 60611

we. Pary S'nclair
711 Summerset Crive
vigland, ¥:ihigan 42540

Frank J. Ke'ley, fsg.

kttorney Gemera!l

S2ate cf Mchigan Environ-ental
Protection Division

720 Law Butlging

Larsing, Michigan 42913

¥r, hendell Yarshal)
Faute 10
v.3land, M-inigan 42540

Grant J. Veeritt, Esg.

Tre=rsem, Nelsen, Klgverkary § Jares
334 [0S Certer

&0 South Efshth Street

Minneagclis, Minnesota $54C2
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SURJECT: lateragency Agreesent No. NRC=03=79=167, Task No. 1 = Midland Plaac
Units | sad 2, Sebtask Se. 1 = Latter Raport

9ivisicn Zagineer, Sorth Ceatral
ATTN: NCOED-C (Jases Sispson)

0.5, Muclear Regulatory Comission
ATTN: DOr. Robert L. Jacksoa
Division of Systems Safaty

Mail Scop P=l14

vashisgton, D. C. 20333

l. Thae Detrait District bereby sudmits this letter repor: with regard to
coapletion of sudtark No. | of the subject loteragency dgreesent conceraing
the Midiland Nuclear Plant, Uaits ! and 2. The purpose of this repor: is to
tdentify unresolved Lssues and make recommandations oo & curse of actlon
and/or cite additional iaformation necessary to settle these matlars prior to
preparation of the Safaty fvaluation Report.

2. The Detroit District's tesa providing geotechnical engiaeering suppert o
the NIC to date has wmde a review of furnaished documents coacerning
foundations for structures, has piacly participated ia briefing meetisgs wvith
the NIC staff, Consumrcs Povar Ccapany (the applicant) ané persoanal from
vorzh Central Divisiloa of the Comps of Ingineers and tms mde detailed site
{nspections. The data revieved tacludes a1l documeats received through
Assndaent 78 to the cperating License request, Ravision 20 of the FSAR,
Revision 7 to the 10 CFR 350.34(f) requasts and MCAR No. 24 through Intaris
Report No. 8. Generally, each structurse vithia the complex vas studied as a
separate entity.

). A ltscisg of specific probless in raviev of Midlasd Units | and I follows
for Catagory 1 structures. The {ssues are uaresolved 13 mny lastances,
pecause of inadequate or nissing taformation. Tha stractures to be adireassed
follow the dascription of the prablen.

s. Inadequate prasestation of subsurface (nforaation from compleied
borings on ssaningful profiles and sectional vievs. ALl structures.




7.0 S
NCIED-T

SUNECT: laterageacy Agreemmat Bo. NRC-03-79-167, Task Yo. 1 = Midlasd ?lazt
Units | aad 2, Sudtask Yo. | ~ Letter Repoct

5. Discrepacies betwaea soll descriptions aad classifications en Sorizg
logs with subzicted laboratory test reszltie cmmries. Sxaaples of such
éisresazcies are found {3 deriag T-14 (Bc: .ed water tank) which shovs seiff
Lo very sciff clay vhere ladoratory tes:s .ad'cate sof: clay vith shear
strength of only 300 pus.f. The log of boring T=15 shows stiff, stlcy clay,
wvhile the lab tes:s shov soft, clayey sazd with siear strecgth of 127 p.s.f.
All structures.

c. Lack of discussion about the criteria uses to select s0il sazples for
lab testing. Also, fdentificaciom of the dasis for selectizg specific values
for the various paramecers used {3 foundation desizau from the lab tes:
results. ol structures.

4. The 12a5ility 2 completely fdeasi’y the soil bedavior from lad
tesiing (prior to design acd constructics) of i{adividual saxples, Secause 12
gezeral, only fiaal tes: values 12 summacy fors have Dees grovided. All
stTucTTes.

(1) Lack of site specific {aforaation {3 estimaciag allavable dearing
pressutes. Only tembook type izformmcisn %as Seez srovided. If necessary,
Searing capacity should de revised Sased on lates: soils data. ALl structures
o3, or zartially os, fdll.

(3) Mdiziozal taformcion {3 needed t3 {3dlcate the design mchods
used, design assuzptions asd cozputatioes (2 esc zating settlement for safecy
related structures and systess. ALl stractuces excep: Diesel Ceceratsr

1liizg vhere surchargic; ws perforsed.

€. Acomplete detalled presestatios of fcundazicn desiga regardizg
remedial 2maswes Jor siructures undergoing distress is required. Areas of
rezeilial seascres exzep: Diesel Generator Building.

f. There are faconsistescies 13 presestation of seimdc desiga
1aferaation as affected by chaoges due o poor compaction of plase f111.
Raspozse to NRC quastion 35 (10 CF1 $0.547) {ndicates tha: the lower bouad of
shear vave welocity is 500 feet par second. We undeczycand that the sae
velocity will be used to snalvze the dyuamic response of structures bullt oa

t1l. dovewer, from (aformacice provided by the applican: at the site :ating
00 17 azd 28 Fedruary 1990, (¢ was staced thac, except for the Diesel
Generazir Bulldiag, Migher saear vave 7elscities are beizg used to re-evaliate
the dysaaic response of the structures ot #4111 mterial. Structures os fL11
or partially on fill except Jtlesel Generator Byildiag.

& A Listing of specific Lssues and Laformcion Qacescary to resolwe thea.

3 7 / laactor Bulldiag Foundacion

1) Settlemaz/Consolidazion. Desis for settleowat/consolidation of
or foundation as dlscussed 13 the 7SAR asscaes tte plant site woul4d

¢
\
.
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SSAECT: Lateragezcy Agreemat So. AC<CI-79-167, Task No. ! = Mildlasd Plige
Saits | aad 2, Subtask So. | ~ Latter Report

oot e devaterel. Discuss and faraish computation for settlement of the
Reactor Juillizgs Lo respecs to the chacged water table level as the resuls of
sile devateriag. lsclude the effects of douvancy, which were used iz rrevious
calculatioss, sad fluctuaticos 1z wier table whizh could happen 1f the
devaterizg sysiex Secaxe ioamerabla.

(2) Bearizg Cazacity. Bearisg capacity camputations skould de
sroviled azd smoull (aclude mthod used, foumiation design, design
ass.zpilizas, adssted scll praperties, and basis for selecting ultimate Searizg
cazacity aaf resulting factor of safety.

4‘0/ Slesel Zecerator Juilldiag.

) tlemat/Conseliidation. I3 the response to ERC Ques:ios & and
-5 W - 253 s She appliicaat has foalshed the results of Nis computed
setllexm:als lue ) warixs kads of lcadizg conditions. From his explazaiise
of the reswicts, It appears tiat compressidility parsmecers obcaized by tae
preicad tests have been used to compute the static setiloments. laformmcisa
FeTialiing O dmamic respoase 1acludiag the amplitude of widratios of
Feeetaior pelestals have alse Seea furzisied. The observed se:ilemst pa%%ers
=¥ the Clesel Cezerator Bulldiag indicates a direct correlation wizh soil
tries acd propariies withia the dackfill mterial. To wrify the preload tes:
selliemesl medictlions, iompcte setilenents Sased 22 test results os sazples
7oz qew Nerizgy vhich v haw reguested 13 a sepatatea 2mwo asxd present tha
resics.  Refuced grouad sater lewels resaltisg from demateriag aad diesel
P8 SelwTic wilratlion shoul’ be considered {2 setilemeat and selswi:
2malvsis. Firnish the cosputation dezalls far evaliuatiag s=plitude of
viiration for desel gezaractsr pedestals iscludiag sagzitude of exciiizg
feries, #etiar :“ey are coostan: er fregancy dajpesdect.

(2) Bearing Capacity. Applicant's respoase to SRC Quastice 35 (12
CTR Sl.0ef) relazive £2 Seariag capacity f soil is sot satisfaciary. Lize
33=1, wnich tas beea the Sasis of selectice of shear streagth for cosputing
Seirisg cazazity does sot reflect the characteristics of the s:ils wder the
clesel Gezentor Juildlag. A beariag ~apacity computation should be sutaitted
Based on the test resulis of sazples {rom jev borizgs vhich we have resuested
13 8 sedarate w30, This Infsraation should faclude method ased, fisadaties
Casiyt assumtizas, admted il properties and dasis far selecilion, ultim:ze
S@ariig cajzacity and resultizg factor of safery.

i

(3) Preioad Lffeczimaens. The offectiveness of the preloasd should
e stidled azh regard o the isture content of the 7111 ot the tise of
Precsacizy. The Nelght of tae water tadle, 1%s time duratiom & this evel,
asd @ather the plant fL11 was placed Wt ar dry of optisse would de all
iz2porzant cosiderations.
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(a) Cramular Soils.

Yhen sufficlent load is applied to grasular solls 1 usually causes a
reorientation of grains and sovemmat of particles 1230 zore stable positions
plus (at high stresses) fracturing of particles at their points of contact.
Seorienczazion and bdreakage creates @ chain reaction azpog tiese and ad Jaceat
particles resaltiag 13 sez:l =2, RWmorieazation is resis:ed by frictios
betwmen partizles. Capillary tensloa weuld tesd to lacrease this frictiss. A
33isture iacrease causiag saturatics, ssch as a rise {n the vater tadle as
sccred here, vould decrease caplillary tenslon resultiag iz sore cospacilioa.
Present a discussica oo the water table and capillary vater effect oo the
grazular porzisa of the plaat f411 doth above and delow the wacer tadle &urisg
a2d after the preload.

(%) Izpervious and/or Clay Soils.

Clavy fill placed d= of ojiizus would not cospact aad woide eowld
exis: Detween particlies asd/or chusks. In this situatiom SPT blow cownmts
wou.{ give aisleading (aforsation as 20 strengthe Discuss the raising of the
wter tad.e axd dezermiae Lf the tize of saturatioa ws lezg ezough to
satoate sossihle clay luspe 80 that the ccoasclidatica could taxe place that
sous! prec.ude furthar settlemat.

Discuse the prelsad effect 0n clay solls 1719y abowe tha wmtar table
T feat #) that veare possidly compacted dry of optimua. It would appear onl-
ed zoaso.idation from the preload could take place im this situation and

he potential far further setilenent wvou.d exist.

Siscuss the effect of the pre’oad o2 clays placed wmt of optiaua. It
voul! aprear zzasailidaticn alsag with & gais (g strespth would take place.
Jetes=ize L7 the nev soll stremgth 18 adequate for deariang capacicy.

(¢) “scellscewmus. A costour @z, showiag the settiemnt
cond.gurazion of the Slesel Generator Scildizg, furaished Y the applicant at
the mezizg of 17 and 29 Tedruary 1990 fadicates that the bese of the duilding
has arped fue to differential setilemects. Ad&litional stresses will De
iaduced (3 the various cozponeats of the struct e, Tha aprlicaat showld
o7 iate thase stressas due %0 che dl'fereniial settleent and furaish the

compitacions aad resuits for review.
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4/ / Service Sacer Wildiog Foundatiosn.

(1) Bearing Capac.ty. A detailed pile desizn based upoc partinest
soil data should be developed 1o order to more effectively evaluate the
propesed pile support system prior to load testing of rest piles. Provide
adopted soll properties, referecce to test data oo which they are Based, aad
eethod aad assusptions used to estimate pile desiga capacity including
coaputatiosa. Provide estizated smaxisus static and dmasic loads to de
f3poted and {adividual coatridutios (DL, LI, OBL, SSI) on the maxisum loaded
pile. Provide factor of safety againat soil failure due to saxioua pile load.

(2) Settlemsnts.

(a) Discuss and provide asalysis evaluating possidle differestisl
seltlemsat that could occur batwees the pile supported end sod the pertion
placed on filland glaciy| Lill. Deserby the impact of Faitves sa salaly related

F e e (0.“ deevel Fon! ol slovgy Lanay) behind o

(b) Ovweens Ricurslie vty“z?c'l’t ATi5s wil d;un;{to the {atake
structure 19 oot required ts deiSeimi:c Category I structure. Tvaluate the
observed settleceat of both the service wter pusphouse retaining walls aad
the latake struccure retalining wall aad the eigalificance of the settiment
fa3clediag future sectleomat prediction on the ssfe operaticn of the Miflasd
Nuclear Plaat. Thie ewe/vaton qhov/d addreer waPusl glrecrey indeaed by bbg
Jatliemenl agaiael allowable streseer povan o by approved Codas.

(3) Seismic Asalysis. Provided the priposed 100 tos wizisate il
load capacities are achieved and reasocadle margia of safety is availadle, the
vertical plle suppors jroposed far tha overhang saciion of the Service Sater
Puzp Structure will provide the suppert necessary for the structure weder
coaised static and sefsaic loertial loadings even Lf the soll under the
overtang portion of the strecture should ligquafy. Thers 18 se reascs to thisk
this von't be achieved at this tise, and the applicant has comaitted to & load
test o demonetrace the pile capacity, The dymsalc response of the struciure,
fnciuding the loertial loads for which the structure 12salf (o dasigaed asd
the mohanical equipmest costalned therela, vouwd chazge a3 & result of the
fatroduction of the piles. Therefore:

(a) Please summrize or provide cc;les of reports os the dynamic
sca.vsis of the structure (2 128 old and proposed con!igwratioa. For the
Latzer, provide detalled i2foraatics on the sciffness assigned to the piles
a%d the way Lo which the stiffoesses ware obtalsed and shew the larpeet cdange
in (aterior floor vertical respoase spectra resulciog fram the proposed
mcdification. £ the proposed configuration has not yet been ssalyzed,
describe the anali7res that are to de perforsed jiviag particular atteatios te
the dasis for caliulatior or selectica, of sad the range of sumerical
stiffaaes walues assigaed to the wertical piles.

(b) Provide sfter conpletion of the aew pile fomndatios, 12
accordasce with ;owaltmat So. 6, ites 115, Corwummrce Powmr Compacy semorandus
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dated 1) Mareh 1922, the results of msasuresscts of vertical arplied load aad
adsclute pile head verzical delormtion vhian 11 be aade vhen the structural
1oad 1s jacked o3 the plles so that the pile stiffness can be deteraiced and
compared o that used [a the dmaaic analysis.

er / Auxtliary Suilétag Elestrical Penetracion Areas and Feedwter
Isclazion Valve Pizs.

(1) Settiesant. Provide the assuszjtions, sethod, computation and
estizace of expected allowedle lateral and wrcical deflecsions uader static
and salsaic loadiags.

(1) Pravide the csmstructios plans, and specificatioans for
underpianiag cperations be=sath tle Clecsrical Pezetration Area and Feedwmier
Valwe PLi2. The recuasted *aforaation to be subzitted should cover the
followisg 12 suffizlest deitalls for evaluatlon:

dhe Lomporary

(a) Datatls ofjdemzesiag systes (locatioss, depth, siie and capacicy
of walls) tacluciag the oo _toring progras to be required, (for axanple,
wasuring dravdowm, flow, ° qwacy of obeservaticas, ete.) to evaluate the
serforzance and sdequacy of > i2stalled srates. &

(%) Location, sectiocal views and daensions of sccess shaft and
drifs 23 and delov auxiliasy milding wiags.

(e) Setails of tesperary surface sspport system for the valwe pits.

sreclude differencial settlemest datwwen pile snd soll sepperted alements

&% Dewateriog Sefsre underpianiog (s reconmoded ic order to )
14
sewative drag forces.

(4) Provide adopted seil proparties, method and assusptions used to
estisate caloson and/or pile desizn capacities, and computational results.
Travide estizsted saxisua static aad dmasic load (compression, uwplift and
lateral) to Se L:osed and the tadividual csatridution (OL, LL, OBE, SSE) o
saxiws loaded catsson and'or pile. Provide factor of safety sgalast soil
failure due t maxizus pile loed.

(’) Discuns and fxr=ish computatisss for settlement of the porilion of
the Auxiliary Julidicg (vaive yits, and electrical pesetration ares) in
reese:t to changed vater level as & result of the site devatering. taclude
the offect af dousancy, Vhizh ws used 13 revious caleulations, and
fluctuations 19 vater tadle which could happen, L7 devataring systen decomes
inoperad.a.

r
(8) Otscuss pretactios masures to de required agalast corrosien, H§4
plllng is selectd.
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(‘) Ideacify specific information, dats and me:zhod of preseatation o
be sudzitted for regulatory review at coapletion of unde »'aniag cperation.
This report should susaarize coostruction activities, field faspectics
records, results of fleld load tests om caissons and piles and an evaluatiocn
of the completad fix for assurisg the stable fouadatior.

43 A sorated vater Tasks.

(1) Settlesent. The settlesest estizate for the Jorated Nater

Storage Tacks furnished by cthe applicast in respouse to NRC Question 3l (10
CFR 5C.54f) s Sased upon the results of two plate load tests conducted at the
fomdation elevation (EL 627.00%) of the tanks. Siasce a plate load test is
not effective in providing information regarding the soil Seyond a depth wmore
thas twice the diaseter of the beariag plate used 12 the test, the esti=mte of
the settlement furanished Y the applicant does 2ot iaclude the cootriduzica of
the soft clay layers located at depth wore than 5' te. ¢ tie bottom of the
tacks (see Doring No. T=lé and T-15, and T-22 thru T=26).

(a) Compute settlements whi.h include contridution of all the soll
lavers i{afluenced by the total load oo the tacks. Discuss and provide for
reviev the scalysis evaluatinog differential settlement that cmld ocaur
betwmen the ring (foundations) aad the center of the taaks.

(%) The dottom of the dorated tacks being flexidle could warpy mder
differential settlesent. UEvaluate vhat addizional stresses could be induced
in the ring beams, tank walls, and tank botioms, bdecause of the setilecent,
and compare vith aliowable stresses. Furnish the zomputations on siressas
facluding ssthod, assumptions and adopted sol! properties ‘o the azalysis.

(3) Bearing Capacity. Laberatery test results on samples from berizg
T=15 show & soft stratum of scil Delow the task bottom. Ceusileration BRas sot
Yee2 given to using these test results to evaluate bdearing capacity
taforzation furaished by the applicant {3 response to NRC Question 33
(13 CFY 50.54¢), Provide deariag capacity computazizas dased on the test
results of the sazples from relevant borings. This faforzatioe should include
oechod used, foundation design sssuzptions, adopted soll properties, ulrizsce
bearing capacicy and resuiting factor of safety for the static and the seimic
Loads.

44» " Coderground Dtesel Fuel Taok Foundation Desiga

(1) Deariag capacity. Pr.vide bearing capacity computation bdasa! on
the test rasulis of saaples from releveat dorings, (z2cledisg mchod used,
foundation design assusptions, adopted soil properiies, ultimmte dearisg
capacity aad the resulting factor of safety.

1) Provide tack sccttlement analysis dus to static and dynaaic loads
fagiudiae mmchods, assumptions a:ade, etc.
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(3) What will be effects of uplift pressure on the stabilicy of the
tacks azd (e assoclated piping system if the deatering systez becoses
isoperable?

45[ Uaderground Utilicies:
(1) Sectlemeat

(2) Izspect the faterior of water cirmlation piping with video
cameras and sessiag devices to shew pipe cross sectiom, possible areas of
crackings axd cpesings, aod slopes of piping fcllowing coasol.iation of the
plant fill bessath the L(apesed suzcharge losding.

(5) T™e applicant %as stated ia his response to YRC Question 7 (10
CFR 50.5<f) that 1f the duct basks remals iszact after the preload program has
See2 compieted, they will be adle to witSstasd all fusture operating loads.
Provide the results of the cbservetions made, duricg the preload test, to
deterzize the stadility of the duct denks, with your discussion regardiag
thelr reliadilicy to perfocs their desiga fmctions.

(¢) The resposse t Quastion 17 of “Respozses to NRC Requasts
Regardizg Plagt FLI1" states that “there i3 30 Tesscn to Delieve tha: the
stresses 10 Seismic Category I pizing systess wtll ever approach the Code
allowable.” Ge questicn the above statement based oz the folloving:

Profile 267 ~ OHBC-54 om Fig. 19-1 shows a sudden drop of approx. 0.2 feet
within a disctasce of ouly 20 fee:. Using the zocedure om p. 17<2,

*Ef(e) =L (D)= (D )(2S
4o ® Ele ._& L_ILTL

= 30000 26 ) [ 800.2)012) ) = 1360 852
o
(20ml2)* as allovabl

-y 'Y

« Yetr, Tadble 17-2 lists only 52.5 KSI%Scress
for this pipe. This miZer requires further reviev. Please respoud to 2A
apparent discrepancy a2d also spacify the locatlon of each computed sestlemest
$iTess at the pipeline stationizg shown on tie profiles. More thas one
critical stress location 1s possidle alocg t3e seme pipelice.

(d) During the site visit om 19 Fedruary 1980, w observed three
Lastacces of Mat appeared t3 be degradation of rattlespace at pemecrations of
Category 1 piping through concrete walls as follows:
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West Borated Tater Tack = {a the valwe pit attached to
the base of the structure, & large dlaseter steel pipe
exzended through a steel sleeve placed 1o the wil.
Because the sleeve was not cat flush with the wall,
claarance betveen the sleeve and the pipe was wvery

ssall. :
ﬂf{\ua
wi bl ‘.'a.'.‘,.;ﬂ 8" 4 0g .V w’

LY .
N . s -l ‘7
e § 1 T

Service Water Stracture = Two of the service wier
pipes pesetrating the sortivest wall of the sarvice
wazer structure had sectled differenzially wich
respect to the structurs and wers resting om slighcly
squashed short pleces of 7 x & placed 1a the bottom of
tbe penetration. From the isclinatioa of the pipe,
thare is & suggestion that the portioms of tde pipe
further Sack 13 the wall openisg (which was not

_ wisidle) were actually bearicg om the iawrt of rhe
openiag. The bottom suwwface of cme of the steel pims
bad small surface irregularities around the edges of
the area i{n contas: with the 2 x 4. Whether these
trregularities are sorsal mwufacturing irregularities
or the result of coucentration of load oo this
temporary support caused by the settlemsat of the
fL1, vas g0t Sows.

These {astances are sufficleat to warTast az exaxinatiom of those pesetrations
vhere Catagory I pipe dertives suppert from ;last fill om coe or both sides of
s penetration. Ia viev of the above facts, the followving ilafermtiocn is
required.

(1) what is the mizisum seissic rattlespace required belveen a
Category I pipe and the slaeve through which it penstrates & wll?

(2) ldeatify all those locaticas whare a Category I pipe deriving
suppor: from plast fill pesetrates a0 extefior concrete wll. Determine axd
repor: the wertical and horizontal rattleszace preseatly avalladle aad the
ataizua required &t each locatios aad dascride renedial actions planoed as &
result of conditions uncowered ia the imspection. It {s anticipated that the
sssver %o Question (1) can be obtaised witdout asy sigaificast sdditional
@cavation. 17 this is aot the case, the decision regardiag the secassity te
obcaln Laforaation at those locations requiricg me jer excavation should be
daferved until the data froc the ottar locaticns have deen examined.
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(a) Provide detalls (thickaess, type of mcerial etc.) of dedding e
cradle placed beneath safety related piping, conduits, a3d supoorting
structures. Provide profiles aloeg pipilog, and condults alignaents showing
the properties of all suppor:ing meterials to be sdopted Lo the asalysis of
pipe stresses caused by set:ilement.

(f) The two relaforced concrate retura pipes which exit the Service
Sater Pump Structure, v along either side of the emmrgency cooling wmter
reservolr, and uwitisately euter {32g the reservolr, are zecessary for sale
shutdown. These pipes are duried withis or sear tie cres: of Category !
slotes that form the sides of the emergency cooling water reservoir. Thare lg
80 report om, or snalysis of, the saismic stadilicy of post sarthquale
asidual displacement for these slopes. While the Linited dats from this ares
do cot raise the specter of azy probdlem, for s importast elemmat of the plase
such as this, the sartdquaka stability should be exanined b5y state-of-the-art
settods. Therefore, provide results of the eselsxi: acalviis of the slopes
leading to an estizate of the parmmaent deforsation of t2e pipas. Fleame
provide the following: (1) & plaa showing the pi.e lecatios with respect te
other aeardy structures, slopes of the ressrvolir asd the coordinate swtem;
(3) cross~sections shoviag the pipes, sorml poel levels, slopes, sudsurface
conditicns as laterpreted from doriags and’or logs of excavations at (a) &
location parallel to and adous 30 ft from the soutteast outside wvall of the
service watar pipe structure and () & location vhare the croes secties will
{aclude Yoth discharge structures. Actual dering logs should be shove on the
prafles; thelir offset from the profile noted, and solils should be descrided
usizg the Unified Sotl Classtfication Systes; (J) discussion of aveliladle
shear strength data aod cholce of strengths used 13 stability asalysis; (4)
deterzization of static factor or safety, eritical earthquake scceleratien,
and location of critical circle; (3) caleculation of residual wvesent by the
omttod prasented by Sewmrk (1945) or Makdiel and Seed (1978); and (4) &
deteraination of whethar or sot the pipes can fumciien properly after swch
covematis.

fC /: Cooling Pond.

(1) Emmrgency Cooling Posd. Ia recognitise that the type of
enbazkoeat fill acd the compaction control used to comst™ct the retestion
dicas for the cooling pond ware the same a8 for the problem plast fLll, w
req st reascnadle assurasce that the slopes of the Categery 1 Esergessy
Coo.lag Pond (daffle dike and main Jike) are stadle under bdoth static and
dvaazic loadings. e resuast 4 revised stability ssalyeis for review, whicgh
vill 1aclude tdentification of locations analysed, adopted foumdatien and
«=bamoaent conditions (stratification, seepage, etc.) and dasis Jor salectition,
adeopted soll properties, method of stadility asalyeis weed and ressliting
factor of safery wir™ Ldeatification of slldiag sufaces snalymd. PMeam
address any potestial impact on Category [ pipes sear the slopes, deeed on t3e
reawits of INis etabllity study. Racmmandations for lecation of sew
exploration and testiag Yave deen provided Lo & separate lectar.

10
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(2) Oparating Cooling Posd. A high lavel of safety shousd be
required for the remsiniag slopes of the Operatisg Cooling Pond unless it cas
be aseured that & fallure wvill set: (a) endanger public bealth and
properties, () result 13 so sssault ea eaviroomest, (¢) Lapair needad
smargency sccess. Recommmadations for locations of cew dorings and ladoratary
tests have beed sebmitted 13 & separate letter. These recommmadations wre
sade o8 1%¢ assuaptions that the stability of the operating cooling pesd Lieee
should be desoastrated.

4 7/ $ite Jewmtariag Adequacy.

(1) 1s ordar te provide the sacessary assurasce of safety sgalust
Liquafaction, 1t L secessary ta desenstrate that the watar will net rise
adove slewetion 610 during sorsal eperations of durisg & shutdowm jrocess.
™e appiicent has dacided to sccomplisd thls by umping from wells at the
site. la the event of & faillure, partial fallure, or degradatios of the
devazerizg system (and fts Nackup systan) caused by t3e sarthquake or amy
other ewat such o8 squipesat bresiadowa, the weier levels will bagin ts rise.
Sependiag o8 the staver to Juasties (4) below comeraing the seral operating
wter levels 11 the tasediate viciz'ty of Category I structures and pipeiines
founded oa plant fill, d1ffarent e ats of time are avallable to scemplinh
repair of shutdown. la respease (o Quastion 14 (10 S 36.5 ’) the applicant
states “the operating grovadwter lavel will be approximmtaly ol 395 £e°
(page 24=1). Ou page 18-1 the applicast alse states *T™harefors ol 410" 1s to
be uted 13 the deniges of the devaterisg system 40 tHe maious peralasidle
groundwater Lewel elewmtion wmder 351 conditionsa.” Oun page 24-13 1t 1s stated
that “he wiis will fully pesetrate the backfill seands and wderiring sataral
sands 18 thLs sred." The bottem of the satural sands (o lodicated te wry
from slevation 603 to 340 withia the plast fill ares sccording te Figure
Javll.  The spplicant shouwld discuss and furaish response to the falloving
questions

(a) 1s the noraal cparating devatering plaa te (1) pusp sech that the
wtar Lavel 18 the wvells belsg pusped L1s Bald at or below elewntion 393 or (1)
£2 JuEp A0 sacessary to held the wier levals 18 all omervation wills sesr
Catogary 1 Strectures and Category L Pipelises supported on plant TLLL ot or
palov slavation 399, ()) to pump a8 mecetsaly to Nid wter levels Lo the
wells sentioned 13 (1) above at of balow elevation 410, er (4) semtiing (T
12 4t Lo somathing ales, what is 187

(3) 1a the evest the wator levels (o observation walls sear Categery
1 Stractures or Pipelisas supported s plant fill encend thees for nera.
sperating conditions as daliaed by your sammer t Queotion (a) vhat action
will be takan’ (4 the evest that the watar lewel ia aw of these admarwiion
wells asceeds slevation $17, what sction wvill W taken?
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(¢) '"™ere vill the obserration wells in the plaac {111 ares be
1oeated that will be maitored daring the ;lest Mifetize? AT wnat depths will
the scraeted iztervals be' VL1l the coadination of (1) serenned lnterval Lo
cosenioniesy soll and (2) demcetration of tisely response to chaages 1o
coolisg pend level prior te draviown be male & coniition fir salecting the
eiservatian vells? Usder vhat crsditions will the alare wmationed om page
2.-20 B triggered? What will e the respocss to the alarz’ A worst case tast
of the cesyieced pearmnest devatering and gro.aadater leve. mmaitariog systexs
eautd Se conduzted ta deterzine vhetler or set the tive recuired o aczomylieh
shutdown and cooling Lo availadies This coull be dose by shutily off the
e3tire devatering systes vhes the coolisg pond 18 4l elevailes 0. and
datersiniag the sater lavel wriis tize curwve for each odeervation well. T.e
sast thousd e contisued wmtil te vater level under Categery T structure,
viose foundations are petestially liguelfiadie, reaches elewmiion 410 (the
sarmal water evel) or the suz of the tise Latervals allotted for repalr and
the 438 isterval needed to aczomzlish ehutdova (snowld the redalr prow
Lasuetenifil) Nas Seen axceeled, whizhever octury firet. la view of the
Seterageceity of the 411, the lliely wariatica ! Ll permatility acd the
secestily of aakicg several assuptions 13 the azalysis vh.ch wvas presested L
the arplizant’s ressense to Question Jeg, o full=scale test should give more
realiadie {3/arsaticn o8 the avai.adle tise. 13 wiev of the adove the
Arpi.cast shausd furateh Ris response to the folliwviag:

3 o4 devateriag systes falluze or degradation eccwrs, 13 erder to
sesare that the plast Ls shutdowm By the tise water level reaches elevation
403, 10 10 necessary to fatttate shutdowm eariier. Ia the evest of & fallure
of e devaterisg syetes, vhat 15 the ater level or condition at which
thatirm will e taiziated? Now L that cendiilon determined’ Aa acceptadle
serhad veuld be o fullescale vorstecase tes: perfarsed ¥ ahutting off the
essire devaterisg systes vith the coeling pond at elewiien 617 to deteruine,
ot eath Sategary I Structure deriving suppart fram plant fill, the vater level
BE WhAh & sufflelent tioe windew still resalss te accrealieh shutdown Mefere
the vater rines 3 elevation 6.3 la estadilenisg the gramadvater level of
easdition that will trigger shutdowm, At {4 sezessary to eccouat for norsal
sarfacze vater (afiov as il as groundvater rechatpe an? o0 assuse that any
aldlstonal action taken to repalr the devatering v7otes, Layoad the peint In
tise vhan the trigger condition te fLret reacted, 48 wnsuecessful.

1) As ser appllzant response to "RC 2uestden 24 (10 CTR 50.340) the
a0l of the peimrent devetarisg Systen (s daset uped T maler fiadiage:
(b)) the gramular teckfill waterials are i3 Nydraulis conaection ViLh an
sferivisg decontivuons Yody of satural sand, asd (2) seepage from the
tonling send Lo rest-lcted to the Lntaka and ump ATCTUEe AFes, Sifee the
paant F110 south of tesel Cenarator Miliiag (o o0 effgctive Barrier 1o the
tuflev of the cooling pond vater. Mewever, seil yrofiles (Figute 14+ 13 the
"Wepense to M Requasts Regar uag Plaat FLLLT), pusping test tise=drawdiowm
§rasee (Tigure léele), and plotted conas of Influsie (Figere 1¢=13) indicote
1t souty of Dtesel Generater Milding, toe plast fill mterial od jacent to
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the coolizg pond {9 cot as «ffactive darrier to {nflew of cooling poad wtaer,
T™he esticeted perzmadilicy for the f111 mterial ae repocted by tis applicase
1o § feet/day ame the tracsaissivicties racge from 17 to 102 square feet/day.
Evaluate azd fursish for review the recharge rate of seepage through the fU1
saterials from the south side of the Diesel Generator Buildiag on the
porzasent lesmteriog systes. This evaluation should aspecially consiler the
recovery &ta fraa PO-) aad complete Zata from PO-§,

(3) The tnterceptor walls Mave bees positicesd along the sorthern
side of the Water lotake Structure asd service weter pusy structures. The
enloulations estiaating thy cocal grayadwater iaflow t{odicate the structures
SOrve a8 @& positive cutoff. Howewer, the fsopachs of the sand (7 gures 24=9
and 14=10) 1adtcate 5 te 10 feet of recaialy aatural ssods below these
strxctures. The soll profile (Figure 24-2) n-ither agrees sor disagraes wizh
tue lsepacts. The calanlaitons for total flow, WBi.h assused positive eutsfs,
reduced thw leag:a of the line source of taflow by 2/3. The calsclations for
the sjacisg and pesitioning of wlls assumed this reduced total flow 13
87piled alscy the entire leagth of the scructures. Clartfy the exstence of
Seepage Delow the structures, presest supperting dats and calowlations, and
Tepesitions wlls accordiagly. Isclude the supperting data such ss dravdown st
the (stercgtor wills, ot aldway location betweet afy twe cuasecutive wells,
dod the 13.7ease 1o the water elewations dowztremm of the iatercestor walls
The presecce of structures sear the cooling pood appears to have created 4
situation of artesias flow through the sand layer. Discuss why artesiss flow
vas not comidered ia the design of the devatering system.

(&) Proevide comstruction placs and specification of permasent
deatericg system (locatien, deptis, size asd capecity of walls, filterpack
desijs) taclading required wonitorisg program. The i1aformatios furnished ia
response of WRC Questien 24 (10 CFR 50.54f) (s set edequate to evaluate the
adequacy of the system.

(3) Discuss the razifications of pluggisg or leaving epes the voep
holes 13 tde recelaling wall at the Service sacer hildlag.

(6) Discwas (o detatl the smiatenasce plan fer the dewtericg smitm,

(7) “hat are your plass for seaitoring water tadle ia the costral
towar area of che Aumiliary Duilding'

(¥) Phat seasures vill be required to prevest lacrustation of the
PL7izgs of e dewmterizg systen. ldestify the contrels te de tequired duriag
piast operaiion (dmasure of dissolvwe’ solids, chemizal concrols). Provide
:»;l:a for n;ab:uu« criteria ia vies of the results showva om Tadle I, page
of tad o .
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{n devataring, & groundvatar survey

(9) Cpon reschizg & steady state
er tadle and to fasure that

should Se aade to confira the positioa of the wat
no parcied water tables exist.

Devateriag of the site should be schedulead vith & sufficient lead tine

Sefore plant start wp 86 that the additional sectlesent and iCs affects
(espacially oa piping) cam de studied. Settlesent should be closely sonlitored

duriag this Lod. ‘ _
i r,,,,:: yovr plans For conduting this ,uul.n!o Servey .

J+ Liquafaction Potantial.

An {idependent Seed-lériss Siaplified Analysis was parforzad for the
ares under the assuzptios that the groundvater tadle wvas at or balow
Jor 0.19 g pesk ground surface scccelaration, it vas found
foliows were required for a factor of safacy of 1.3t

240
- akh s
e ewmcion 8l
that hiow couats as

Llenatioa wialaum 57T v :out'l
4 1 fop 7.8. @ 1.8
(%) 14
(1% | 16
() \?
b3 ) 19

The analysis vas cossidered censarvative for the fallowing ressons (&) ne
sccoust vas teces of the weight of 4y structure, (») liguafaciion eriteris
for & mgnitude § eartiquaks vaTe used vharess ad YRC sesorandus of 17 Mar 80
cossidered nothing larger thas 3.3 for an sarihquake vith the peak
scceleraticn lavel of O.19 g's, (¢) unis wights are varied over & raage
proad e30uzh te tower say uncertalaty and the tadulation adove 19 based on the
308t consacvative set of assusptions. Out of over 25C standard penetration
tesss o8 conbesionless plast f11l or matsral foundation mterial belew
alavazion 8.0, the criteria gives adove are cot satinfied La four tasts i
nsturs. ssterials located balew the plast f111 ard 12 33 tests located in the
plant {111, These tests tavelve the following beorings!

$9), 2, DG-18, AX 1), AX 4, aX 15, AX 7, AX !, AR L,
DG i), DO 11, 96 7, ¢ 9, 021, OF I, 1.

Some of the tests om natuxal mterial wre conducted at dap'™s of at lett LNan
13 f¢ >efare approxiaately 13 £t of 2411 vas placed over the location. Mrior
to comparison with the criteria these testy should de sultiplied by & factor

of adout 2.) to sccount for the incresse 12 ef factive overdurden pressure that

resulty from the placemnt s/ future devataring of the fill.

lorar 1 » 7.5, Blov cownrs weuld lacrease by JOS.
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Of the 23 tests on plant f411 wailch fall to satisly the criteria, meet are
sear or under structures vhare resedial masures alleviating secessity fer
suppert from the fill are plasced. Ouly & of cthe tests are wnder the Diesel
Generator Duildiag (which will scill derive its support from the fill) asd )
others are near it. Because thess locations wvhere lov blaw couats ware
recorded are wll separsted from cne ssothar sad are set ose contisuous
stratus Sut are localized pockets of locse usterial, ve fallure mclanisa is
present.

13 viev of the large ousber of beriags is the plast fLll ares aad the
conservatise adopted 13 esalysis, these fev Lsolated pockats are » threat %
plast safety. The fill area L3 safe sgeiast liguefactiom 13 & Maguituode 6.0
sarthquake or smaller waich produces & pras grousd narfsce sccelaration of
0.19 g or less provided the growadwster elevation i the £411 18 Rapt st or
below elevasion 610.

4'5 / Seismic asalysis of structures os plast fill mterial.

(1) Category ! Structures. [From Sectioe J.7.2.4 of the FIAR it caa
be calculated that an average ¥V, of sdeut 1350 fe/sac wus used ia the
srigiaal dyaamic soll structure latersction asalysis of the Category 1
srractures. This 19 ceafirmad v ose of the viewgrajhs wsed is the 28
Tedruary Bechtel presestatios. flaat fill ¥, L5 clsarly wuch lover thas
this valus. It is umderstood frem the response te Questios 1) (10 CTR 30.34¢f)
sosceraing plase f1ll that the asalysis of several Categery I structures are
wadervay using & lover bound awrage '. e 500 £:/00c for cections sepported
on plant f1l1 snd that floor respoase spactra sad deoign forces will be takes
a8 tha 808t oevers of those from the sev asd old snalysis. The queitions
which follow are iatended to meke certais Lf this s the case and gais a0
usderstanding of the ispect of this peremtris wariatien in fomdation
sond.tizne.

beex
(s) Discuse vhich Category I struetures have and/or will b
ressslyeed for chasges 13 selomic soil structure taternction dus to the hasge
ia piast f111 stiffsess frow that eevisiceed 1a the original desiga. Have amy
Catego®y 1 structures deriving seppert frem plast f11) been enc.ded frem
ressasyeie? Oa wnat male’

(3) Taduiate for eech olf enalvels and each reasalreis, the
foundation paramaters (v, .V and? ) weed and tde squivalest spring aad
daspiag comstante derived theralirom se the reviewer iae i an appreciatios
of the exteat of parsmatric wariation performed.

(e) s 1t the 1atent te analyse the adequacy of the struwtwres and
thelr ceatents dased wpen thHe emvelape of the results of the old od N
ssaiyses? Tor sach sttucture saalysed, plesse sbow o8 tha scae plet the old,
nev, sod revised esveloping floer response spectrs e the offect of tae
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