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WATERFOED 3
Smocrm( ENGrnEERING
‘y Teha Mo s /4q

1  FIwrroducrion

The SGEB steff visHed whe M/aﬁn/ 3 s'he en Mard 27,8
od tasis u;-r/n/ Yo JSee croeks o~ rhe ra'—'/ we// nef/ wef
c..ly Lower wall 7'/01‘ cricks Aod mef been documenfod
Frd ‘r..yh“ o +he NEC /:554 stofF Hention R, A oF
The cricks ewere. nelinad to vhe vert o/ Fi's (/n?oe»-/-'c-/n
+o "“ mlf) - ndf J'o.’nt/ }7 =4 cracl en —he m.r% af /s
Hhoo erds. These arvens were belavd Lo ba sbevr cnrels.
dral consed comcerns. Cher crockes om vhe wotle sud
on The md/, coheh -d,afcamq/ 7o be Jlr-btl e eor
7[/¢rvro cracks, ol mof preses’ vie impress.on [:, woulef/
4-!//072 whe shructecs/ a'n/s,r.'/’ of she mat

At vhe S.’f/c , L revewed some Conrr/a-'¢/6n recerds e--/
f‘ﬂ/fl“'oleﬂto, Some ,G’ﬂ‘ ik o ﬂl‘/lko',a'/d v '74( Jc/v)/
CM!/"(/;'OQ o f vhe m/.. oln eﬁrf #o oﬂ/lft/JnJ O‘nb'/m on fn‘/m.

\S;u.'d/ colevsations were rcb;uﬂ/ﬂ/, s & resut -/ -/e/ec-/o'-f
shear crocks. Dfum.'..., e 'rh whe NRC 5.,1..1,,.;;/ [,'.:,mr:
Stof were helel /n on aWenpl to arJol)ish wherher vhe Stitie

: So.'/ - fvlnreforc ;'-/eree'/.'.a dadé«h’; wds S/.‘// J/?cl/g . /;,‘/
of new oote recelved Snd reviewed

The aw/:.s/.t and des gn o/ vhe nd/ in Jencra/, sfca'ar/ coleolirtions

c...;/mc/,'.,. fn&/cm, Ind Conclesien e feonmnlix'on Tgre

iscossed beloc, ForA-314-455
E/s.n



2. Awalysts awd DESIGH

The Applicant's analysis of the base mat utilized finite element
methods and generally recognized formulas presented in a textbook
written by R. J. Roc;:? thése approaches are fundamentally

independent of each other. The use of finite element methods in

conjunction with electronic computers permits solutions of
structures having complex geometry, lpad?ng and boundary conditions,
such as the Waterford Urit 3 bl;l mat, although correct use of this
method is rather difficuit. The use of textbook formulas permits
solutions for ideal loading and boundary conditions, but must be
utilized in conjunction with eng‘nee}ing Judgment to obtain

solutions for actual (non-ideal) conditions.

In its application of pertinent formulas, the Applicant calculated
positive bending moment in the mat under the reactor building by
assuming a 20% edge fixity of a circular plate under the shield
building, and a uniform soi} pressure beneath the mat; the Applicant
calculated negative bending moment under the shield building by

assuming a 50% edge fixity and uniform soil pressure under the mat.

In its finite eiement analysis, the Applicant calculated two bending
moments in the mat, by using actual loading conditions and two
separate soil conditions: constant soil modulus, and variable soil
modulus in which the modulus varies in rough proportion to the
deformation shape of the mat.
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The top and bottom reinforcing steel bars that resist the negative

and positive bending moments, respectively, were proportioned in a
manner such that a surplus bending moment capacity is always
provided, by comparing” the ~thcee design bending moments calculated
for a given location (one derived from use of the formulas and two
derived from the finite element analyses). In each of these three
analyses, the estimated dead load on top of the mat was multiplied
by a factor of 1.5 before being used in calculating the required
design bending moments (providing the 50% margin in load capacity
referred to above).

The shear capacity of the base mat was calculated and provided in
manner similar to the bending moment treatment described above: a
surplus shear capacity is always provided, by comparing the design
shear forces obtained in each of the three calculations, and the

estimated dead load was multiplied by a factor of 1.5 before being

used in calculating the required design shear resistance.

Based upon my review, | have determined that the procedures and
approaches utilized in the Applicant's analysis and design of the
base mat are sufficiently conservative and are acceptable. The sum

: 3nd +e vertics] shear veinforcing bars
of the top anu bottom reinforcing <teel barsAhas provided adequate
strength for the mat to resist the load imposed by the reactor and

shield buiidings, Jf" +he foundsfion s0:] behaves a5 Issemed

in +he ml.,m <nd 6M4Nc4:.o. was Carr/ad .:" rnrcr'-,
So -olna-' the end rvoJ.n.f veflecds —he Jﬂwﬂ‘.+:d|l made.

in ~he original design ,



s A/o-cnr, basad on vhe Sscvssions (as recent as ‘/n/u D wirh e .

_ Nec Gcoltdu-'cl/ f'y.'»ccn'v s/;ﬂ(, /11 P h,vr/-/ vhet nevher

- whe nomar/cs/ voloes .f se./ ;fn';’s nor vhe Jo"/f-"v/:'c. o/,-vln.
wed /n vhe anmilysis resemhled he dctoa] Sondafion $0if condilioe

: .z-f vhal s vhe case, vhis wedld raise @ -/.:»Jh-u/.r/ ’vesé'm
Sbeut +ha v:/,'J.'/z 0/ vhe ﬂc/&. so.'/- :/mc/vrc ,'n/cruﬂ‘n
au/,c.'s,u/-.‘..[ wds P'Arnd/ el ,"/.r reswltls usasl For design. .
“Thes, t"/ 3 rgoo'ch Yo G:'r‘f/._.ju_‘/f‘x;."){ vhe orj,’,.l/dunr/ﬁo
of sol sprimgs w0 foad 4o & mere consorvitve strvelers/. .

. Jn;"a of vhe mad vhon the actus/ 7/,.0 )-/v'.n 50.'/ eanddions .
Jvc.‘n) vied , or forfun aJa’.'/a'u-r/ dnd/,m'; -/. decovsl /-‘r
vhe JC/M/ Vl‘bw./d/o'on {o,'/ co:-Ja'J-'onl.

3. SPECIFIC  CALCULATION

5:'0::. shear crdcks werc delecfed on Mareh 27,1284, +he Lieensc

was regvu/a/ Yo ftr'Arm caleclalions 4o oblan shesr Sfrescés

under o/nri/oy anel/ SSE condlifoone, nel thear afu:'/, (r/nn,ﬁ{

14r Blocke 54 and L, wlhere shezr e€racks oceurree/. It was

rc,or/c/ ‘, Elasco -f‘n"‘ -/o/cf‘.nc -r‘&/ shear :/rure: J/on,
dhe crack in B/nk LA were &4 K/ For o/or.'-/,'n, Inal
146 4{‘/ ﬁp SSE  ageel /a B/uk 1 :a'yﬂ Lor o/seu"lo'n’
wod 2/0 ‘%/ Ler Ss£ dnd Sherr ¢a,l:.'/7 was 274 *7{,!
‘f» borh blichs wivh 'llr)( re.n on.’ry bars C.ﬂ/h"v)/.'aj
Fnd concrefe 176 "/-/r'-.

ﬂl;;,

-7;(( ’1030— Crocs Jo noJ /’rcffa < cjtaﬂenjc /. rhe Sf(hn/w)/
l'n-/e,ro'/' -/\-"c MI/ vd(r opctl'/l.ﬂq foth‘%'on, Ju’ua-.'n, f/-c




S s-/.v/h n.‘/ o struclore dnl/, 88 ws /cr/omd Ja’crfl/o', e
he colelations For shear sfrecs anel shear of. were c-nn/.
=rh!s s hectuste -ﬂ-a—f s/.ar,ni-/m;.., bers afone has ,-w'a'e./
 prere vhen a/y.a/e res,'s/an( Feo vhe roro'ro', sherr sfrecs..
f/...unr, ,‘/ is net smiduriable Jo Compare whe cilewlated

wnder §5,

shear s/nu of-&/o%"{‘w.'vf whe caleloted shear Strongrh of
274 ‘/ff /'l‘ej on .'/cc unJ.'#'uu, l.“’ me Cirleks 2nel n-'-/;.

"T‘c Ccrocks snd Vbﬂ/l i'm c:-urg/g wie/ re./wc :'-/l shear
_'C(,ac.'/y. More o'v'}[oﬂwa/-;n Js meeded Fo Jssess vhe Jo,let.
of reduction. Cha vhe other haad, <he Jm'jn hase earthguske
sbaf wis wied in vhe d.u/.,s-'z may erceede vle repeired SSE,
Fnel , thes, reduce s+le octual shear shrecs vhad moede 4o ke
resisted . Mrc :'a/o‘rml/v'on onel work wre needeed Lofire
E] ra/.'na/J'uJ’emeorf can he reiched om whedher —vhe
dctud| shear c..*,wca'/, P JJ;JJI-/C or ow/,

4. CowsTRucTION PROBLEMS

CM{/IUC/;'.» Pr.l-/oau describeel here are Lo oo vhe J?r:/'
rhree blocks oj[ concrele ,/leemen'f where mjor eraeks occurred.
Pased on vhe limided review OI Concfruelion records arel f"f/ e
n'n'/crv-'cutJ, +he LffL {vl/.'!’ dltwaneejrwf oo -;‘rr -2
ke ,‘/ 1 program u'.rp.'..}. /Vevenln/cu, vhe Firsk Hree
Llsctes Of comerefe f/dcaun# oid von Jofs :-;/.'/7 condrel
ProUlms. '7100 /"‘/"m o'aelv/c/ Jro”,'.y (onert/e 6!,0-«/
57 height o4 +imes, using vihioler m '?orlf andd msuffeien
vibradios , and S/ec/Jc hammerin rc,'.-/./:¢.-7 bars to creafe

Aremirat -7-// b -#r.’:-v--‘”-'»: lreke waver to she (u'fr'/c



__beow v‘rov,lo vcr/o‘a/ )’Cl'n‘/o‘re:'n} bors, ﬂou ,nLLau Il -
 beliaved Fo he vhe miin comtribetors o concn/c-c.uuz.':’ Fnal
y h-n.,u...i."y okervesl J-m'nj Consfruction ‘n l3te 1975 sod
¢Jr/7 I,?‘. )’f:ﬁ‘hc’ no/e.r were — . ‘/‘J‘ vhe c'hz-'»r
anel /n-c,c....‘.'oj , ket no NCR was ;'.yi-/.'a/c/, S«fT works,
order was istved J-;(\fcr the cConcreda ,.l.nu-e.‘f‘ of whe fist
—three Llu‘.;, dudf no driled cores or nendestruefive J¢cl.‘7_.
'fed».‘&ua used Heo ven‘f, vhe du_a/.'é Sod Jln-,rA o
vhe vrobled So74¢ cub/e y.rn/; of comcrede . Mwe discustion
‘wivh vhe conttroction rco,-/{ /s needed o jia'n a betler _
undesstanding o the (o)rfc Of‘ Jo-f."g.'.«’ n onfor. do .
hetler estimile vhe s«:L'/l dad :va-r" of ",,"’/ C'M‘Ie/c..

S Cowclusion AnD RECOMMANDAT 204

""C fﬂ‘/ﬂnr of +he maf seem +o be resuided 14-- g .
Joec 0{ overz/ c.corJ/mr/.‘m Inrwng vhe three c/.‘c,-/,‘ne; :
SJrn/ura/, 5“1‘!:4:-,’;;/, & nel Cmr/rw/.'.q. Eoch J";P/a'ag
Seemed +o he able fo ,u/&m ,'/; own ek, dne’ resolve ih
’nl-lcnu g Each l(.?f/o'qc seemee! +o he o'mfdnt-'/:'wc )
:'-/t .'o-,-u/ on evher J:'rf/o'on er 7veo .‘o:‘n, ,'n-p.?t/r/ ‘, o ks
erhars. These puf whe corredl Lehavior ov sfale of stresc
ef The mad in vhe Jerk, which mires vhe aa/cagmrc,
dscessment of +ha maf very Jo‘ﬁcul/.

So’at‘ e roL’em; dre o.a/t’rn/‘/fl amon] J’:,,/,‘n?{,

v 4 /s recemmanded “hat -r/w7 le s./.—cJJ‘o.'nf/, nef
Xefl'C/l'/y.

R D



ST '.S;uc,"/:'c COﬂ‘/nh'oﬂJ Ind rcc.mn:m/:/.'ux Jre /is*/«( LJN:
A. The mad /s no/ Curr‘p'f/, ‘n disdress bred on
o S the crack observadlon .
B. “Te nn‘{7 vhe ae/e&.:acy o-/ 4 ,.n' vieof im ~he
- J-al,xok, ¢ ol'scvited Jn ..rc:-/.'.n 2,8 of
Fundomani sl :‘m/ur/ancg,,
C. Vm‘-f.'a-/.'... of shear caf-?n'/, vnder SSE meedc
“+o be a/onc., ) -
"D A 30n¢fi/ Svrveit/dnce pregram /5 recommanded
Sor ) the Cracks nel ,For shear crocks, +he . .
/en,-yl) and Si2e of J Craefe and ,'/; f“/"’j""“"”
- dgainst time should be miked Ind recoreled .
£, Cerrosion 07p ré/n ar:-'n} Lors due to +he 7r-w-/
wader /s belioved 4o be un/-'b/7 24 Yhe so‘-/e,,
Nevershelecs , & Survet/oncea ,njhlm st recommindes
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Aveev .
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safety evaluation of the JAS-buitL" Waterford 3 )‘g.su:mc i ¢

caru fansi VR C et . Sk AT =3 L
< t0 nc : 6L license for the plant are

also listed herein.
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2. Inspection of Base Mat Structure / Foundation and Review of Mat Construction
’

Records

The SGEB staff visited the Waterford 3 site on March 27, 1984, Staff
“observed cracks on the ring wall and wet cooling tower walls. These cracks
had not been specifically mapped and brought to the WSGEB staff attention

—

until the March 27, 1984 visit. Some of the cracks were 1nc'limd to the

l
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.2 g —r -
vertical axis (perpendicular to the mat) and were joined by 2 crack on the
rat. Thus, these cracks were believed to be shear cracks. Other cracks

on the walls and on the mat appeared to be shrinkage or flexure cracks.

+ approximsdal fuv hoves +o

<
At the site, the Structural Engineering suf}»& reviewed con_stmtioa )

records and {nterviewe some people who urticip::od in the actual con-
'( .

struction of the Mt.

a3E

Analysis and Design of the Qﬁ Mat
The applicant's analysis of the base mat utilized finite element methods |

and generally recognized formulas presented in a textbook written by R. J.

Roark; these approaches are fundamentally independent of each other. The
use of finite element methods in conjunction with electronic computers
permits solutions of structures having complex geometry, loading and
boundary conditions, such as the Waterford Unit 3 base mat, although correct

“use of this method is rather difficult.. ‘l:hc‘uu‘ of textbook formulas permits

solutions for ideal loading and boundary conditions, but must be utilized
{n conjunction with engineering J'yd?pont to obtain solutions for actual
J

‘(non-ideal) conditions.

In its application of pertinent formulas, the Applicant calculated positive
bending moment in the mat under the reactor building by assuming a 203
edge fixity of a circular plate under the shield building, and a uniform
soi1 pressure beneath the mat. The applicant calculated negative bending
moment under the shield building by sssuming 2 50% edge fixity and uniform
soi] pressure under the mat. ‘




3
the applicant calculated two bending moments

In fts finite element analysis,
by using actual loading conditions and two separate
and variable soil modulus in which the
shape of the mat.

in the met, soil con-

ditfons: constant soil modulus,

wodulus varies in rough proporation to the deformation

op and bottom reinforcing steel bars that resist the

The t
positive bending moments, respectively, were proportioned in a manner such
This fact was

rplus bending moment capacity is always provided.
three design bending moments calculated for a

negative and

that a su

verified by comparing the
one dcrivod_ from use of the formulas and two derived from

In ac'h'of these three analyses, the estimated
factor of 1.5 before being

~ given location:
the finite element analyses.

dead load on top of the mat was multiplied by 2

used in calculating the required design bending moments, thus providing the

502 margin (surplus) in load capacity referred to above.
mat was calculated and provided in a manner

The shuf capacity of the base
tment ;le.scfibd IWQ: a surplus shear

_ similar to the bending moment trea

capacity. is always provided. Again, this fact was verified by comparing the

design shear forces obtained in each of the three calculations. As before,

the estimated dead load was multiplied by 2 factor of 1.5 prior to being

uied in calculating the required design shear

: determined that the procedures and approaches

utilized in the applicant's analysis and design of the base mat are

sufficiently conservative and are acceptable. The sum of the top and bottom
shear reinforcing bars have provided

resistance.

reinforcing steel bars and the vertical
h for the mat to resist the load imposed by the rea

that the foundation soil behaves as

adequate strengt ctor and

shield buildings, '

predicted in the analysis and that construction was carried out properly.




a.

specific Calculation of Ke Block Mat Capacities.
Since shear cracks in the reactor shield buﬂdi'ng‘ and g concrete wallswere
detected during the staff site visit on March 27, 1984, the applicant was
nquutd’to perform calculations to obtain shear stresses under operating
and SSE conditions, and also shear capacity (strength) for base mat Blocks
SA and 1, where the shear cracks occurred. It was reported by Ebasco via
telephone that shear stresses along the crack in Block 5A were 64 k/ft for
normal operating loads and 166 k/ft for tke SSE loads while in Block 1 they
re 52 k/ft fo: ‘opcnting 1oads and 2i0 kﬁ: f&r“ SSE loads. Shear capacity

e .
G- f- R o ounn s Vil o
was t for both blocks with shear reinforcing bars contributing 98 k/ft

and concrete 176 k/ft. The shear cracks do not appear to present 2

challenge to the structural integrity of the mat under operating conditions,
\

This s because the shear reinforcing bars alone have provided more than

adequate resistance to the A’\shear stres B %

e
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Y¢/, vhere : wol ensvgh ev.dence to ofrdw vhe Some conclitie
Sor he mad wnder S'.Sf [oads Q l, COM/Jr:v -r_"c coleddated
shear stress of 2i0 Yft wirh The colevlotas! s hesr—sgdromyh kruz
of 274 K59 . —This s becavse vhif she shear tq‘--,-‘ufuf:
g..r'l%‘/ condl"/o'on"l, ;. ¢‘. ”mo cni_czr -

w Ji\‘tl/c v/lfc'-f .

and veldi g M o

°
S

sfr -l uu/o:/m/o'yc /eul:'oy merhods

Jdre (Ccormme Fo O‘/.qb'n l'ﬂ/'fﬂl/a'on en éfdch. and vords

;l ’n The cwcn/¢ ml/ Se -rlva/ < roa/-'t;"c JS;'“m'# of

%ﬁ’£ he m;/ \‘can be ,orycrp.u/.

Construction problems described here are limited to the first three bl

of concrete placement where major cracks occurred. Based on
hat Louisfanna Power and Light

the review of

construction records and interviews, we find t

(LP & L) quality nsunncemw try to make fts program a success.
/
~- Nevertheless, the first three blocks of concrete placement did have gquality

—-



.
G P o S . S A P & A S b —

*" 7 control problems. These probl-.s included dropping concrete beyond 5' Mlght-
at times, using a concrete vibrator improperly (providing insufficient
vibration) as well as sledge _M-nring reinforcing bars to create openings
thus transmitting sh'o:k uﬁu to the concrete below through vertical
reinforcing bars. WWM
4o_concrate-ereeking-and-honeycombéng-observed-duning-eonstruction-iaiate

ms.nd.nﬁ-lﬁh Deficiency notes were written for the cracking and
whe e raee "'"n indicates vhe concrefe mght sufer curin rnuhn’.-
honeycombi

work order was issued by LP & L after the concrete placement of the first

three blocks, but no drilled cores or nondestructive testing techniques I (','
were used to verify the quality and strength of the 5074 cubic yards of

Uy
Lnd‘\lnd hardened concrete -+ +he sfafl m--l«l,c.

: :/'/', ¢
rl ¥/ g m r donoffostion P [ blems .n ghe A4.rstorvree p 4
'f 4 1 ',f blofhe. Haoever, +he eprfe ’7" Sedvers <y _I.J" '

reconds & Aol vaderfoten
‘v.‘n‘” » 'T‘C:. :'nfv/
Moo festing resufts ./ crrek e

-'Jn red tv’:'c Jisess JTL
g » s ad ’,‘/

A. The mat is not currently in distress based on the crack observation.

8. Verification of shear capacity under SSE needs to be-done. As por
of «iis v-r:-p-'a-'--‘oa ’1'5-1.", nonJcslruA-.‘u_ 'l'u‘:-: J
M@{vlunmthd 4. Sbiain -'-P-'M.."":on on &vacet anel. veids

;"*Mrlﬁd‘in e mk mat, A

C. _\'lvc."-'cnuc. 15 vequired +o eisher cust -J\I-l s -'jiua'
- #)*L.m‘c ectechnzal

" ] ; ~ - COOJJ"

~— =

6. Conclusions aws [Reequar®

e —

Jnl' s ore i"'\'l.‘ ad O‘& im " kt o
ye

e;,!-__-_-_r_-’:,__;:{a_( CVJ‘:e:4u"n':‘Ei%ﬂ -"51 ‘JJ.'-‘-‘aual dn#‘,lrg
Yo amua‘* {;r “+bLe Jc+o3' ‘P-w-Jl“soq $OZ’ ¢on¢l-'“‘-'on$'

P & A general surveillance (monitoring) program fs recommended Yor all the
cncku,ﬂ 5“ shear cracks, the length and size of a crack and its

wgatim against time should be marked and recorded.
R

<> 4

e o rﬁ‘-‘Fo":To‘n‘of reinforcing bars due to the ground water is belfeved to be
unlikely at the site. Nevertheless, a surveillance program is
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2. Inspection of Base Mat Structure /Foundation and Review of Mat Construction
’

Records :

-

!«l
The SGEB staff visited the Waterford 3 site on March 27, 1984. Staff

observed cracks on the ring wall and wet cooling tower walls. These cracks
had not been specifically mapped and brought to the NRC/SGEB staff attention
until the March 27, 1984 visit. Some of the cracks were inclined to the
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2

vertical axis (perpendicuiar to the mat) and were joined by a crack on the
mat. Thus, these cracks were believed to be shear cracks. Other cracks

on the walls and on the mat appeared to be shrinkage or flexure cracks.
At the site, the Structural Engineering staff also reviewed coostruction
records and interviewed some people who participated in the actual con-

struction of the nuclear island foundation and base mat.

Analysis and Design of the S;pucﬁﬁv’ Mat

The applicant's analysis of the base mat utilized finite element methods
and generally recognized formulas presented in a textbook written by R. J.
Roark; these approaches are fundamentally independent of each other. The
use of finite element methods in conjunction with electronic computers
permits solutions of structures having complex geometry, loading and
boundary conditions, such as the Waterford Unit 3 base mat, although correct

use of this method is rather difficult. The use of textbook formulas permits

.solutions for ideal loading and boundary conditions, but must be utilized

in conjunction with engineering judgment to obtain solutions for actual

~ (non-ideal) conditions.

In its application of pertinent formulas, the Applicant calculated positive
bending moment in the mat under the feactor building by assuming a 20%
edge fixity o? a circular plate under the shield building, and a untform
soil pressure beneath the mat. The applicant calculated negative bending
moment under the shield building by assuming a 50% edge fixity and uniform

soil pressure under the mat.



In its finite element analysis, the applicant calculated two bending .
{n the mat, by using actual loading conditions and two separate soil con-
ditfons: constant soil modulus, and variable soil modulus in which the
modulus varies in rough proporation to the deformation shape of the mat.

The top and bottom refnforcing steel bars that resist the negative and.

| positive bending moments, respectively, were proportioned in a manner such
that a surplus bending moment capacity is always provided. This fact was
verified by comparing the three design bending moments calculated for a
given location: one derived from use of the formulas and two derived from
the finite element analyses. In each of these three analyses, the estimated
dead load on top of the mat was multiplied by a factor of 1.5 befcre being
used in calculating the required design bending moments thus providing the

50% margin (surplus) in load capacity referred to above.

The shear capacity of the base mat was calculated and provided in a manner
similar to iﬁe bending moment treatment described above: a surplus shear
capacity is always provided. Again, this fact was verif&ed by combaring the
design shear forces obtained in each of the three calculations. As before,
the estimated dead load was multiplied by a factor of 1.5 prior to being

used in calculating the required design shear resistance.

Based upon my review, 1 have determined that the procedures and approaches
utilized in the applicant's analysis and design of the base mat are
sufficiently conservative and are acceptable. The sum of the top and bottom
reinforcing steel bars and the vertical shear reinforcing bars have provided'
adequate strength for the mat to resist the load imposed by the reactor and
shield buildings, if one can assume that the foundation soil behaves as

predicted in the analysis and that construction was carried out properly.
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For the first assumption.lggil behavior, an evaluation by theAstaff has
|thn¢h&v/\ :
been made and in general.:g;concluded that the soil behavior past and

future is adequately understood and is adequately accounted for in the

‘ .
design and expected performance of the structures (see\&%ﬁ&‘-——“’

15 precaled

For the second assumption concerning construction, an evailuation ﬁnt#ag&

in the following secticns.

4. Specific Calculation of Key Block Mat Capacities.

Since shear cracks in the reactor shield buildings and a concrete wall were
detected during the staff site visit on March 27, 1984, the applicant was
requested to perform calculations to obtain shear strésses under opérating
and SSE conditions, and also -shear capacity (strength) for base mat Blocks
5A and 1, where the shear cracks occurred. It was reported by Ebasco via
telephone that shear stresses alcng'the crack in Block 5A were 64 k/ft for
normal operating loads and 166 k/ft for the SSE load, while in Block 1 they
are 52 k/ft for operating loads and‘ZIO k/ft for SSE loads. Shear capacity

G, S attIthounn vl cpBitalle ACT Guda puovisy vied. fiy
\\Awas i74 k

Jft for both blocks with shear reinforcing bars contributing 98 k/ft
and concrete 176 k/ft. The shear cracks do not appear to present a
éhallenge to the structural integrity of the mat under operating conditions,
;assuming the ﬁalculations for shear stress and shear strength weré correct.
This is because the shear reinforcing bars alone have provided more than

c.\ -ﬁ Y ".J

adequate resistance to the edl\shear stress. We found the " E‘b'a!u'

metadofenu ~ for calculation both the shear stress and shear
V(-'
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capacity”” However, it is not sufficientfto'compare the calculated shear
i

stress of 210 k/ft under SSE loads with the calculated shear strength of
Cow S asveatyoa Iict Carfur Dovis]) o, thanst

: ['<S F
274 k/tﬁﬁgﬂi__ Oryideal conditions, i,£., no cracks.and voids. Cracks and
C ""MOVannw’-’—O—E,a—;'—;" Y

, CvOr e comprfay = lieni <freer of le%
"voids in concrete will/reduce its Zhear capacity. "Information needed to

More information and work are
needed before a final judgement can be reached to quantify this reduction

of the "ideal" shear capacity in the base mat . However, an interim

evaluation, based on engineering judgement, that such a reduction in
strength does not excead 20% of the ideal strength capacity is reasonable,
given the knowledge already gained from the March 27, 1984 staff visits,

interviews with persons from the utility, and.its contractors, and our

' 'Q!;%,l'-‘- Secuimiaty -

review of documents recently provided by the utility (Frettne—of-documents
Sar L iod A

—is—anmen ek ‘A?ccordingly, it is the staff's conclusion that the base

i .
mat and other structures of a Category I seismic desigq’which experiencec\

cracks, can perform thei:\ﬁ tended function. Further_develunment of our

e, uot.'(l
knowledge concerning the status of the three blocks.?\Z s X é ) will
continue in an attempt to quantify specifically the reduction. Such effort

{
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A plan for ©b%isiie " such confirmatory information will be developed and
¢ a .
included as part of the ope§$1ng license.

may involve nondestructive testing or other hysical tests, including

-

-
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Construction problems described here are 1imited to_the first three blocks

CONSTRUCTION PROBLEMS

of concrete placement where major cracks occurred. Based on the review of
construction records and interviews, we find that Louisfanna Power and Light

ro
(LP & L) quality assurance:;ve;;céid try to make its program a success.

/
Nevertheless, the first three blocks of concrete placement did hay uality
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l control problems. These problems included dropping concrete beyond 5' height

at times, using a concrete vibrator improperly (providing insufficient
vibration) as well as sledge_hmnmering reinforcing bars to create openings
thus transmitting shock waQes to the concrete below through vertical
reinforcing bars. These problems are believed to be the main contributors
to concrete cracking and honeycombing ubserved during construction in late
1975 and early 1976. Deficiency notes were written for the cracking and
honeycombing, but no non-conformance report (NCR) was initiated. A §top
work order was issued by LP & L after the concrete placement of the first
three blocks, but no drilled cores or nondestructive testing techniques
were used to verify the quality and strength of ‘the 5074 cubic yards of
m::a‘nd hardened concrete.
At present, however, one must evaluate concrete quality from QA records
and verbaf description of the LP & L personnel or its contractors.
Interviews of construction quality control personnel who were present during
this construction phase reveal that corrective action.&such as the stop work
order., were taken, but written records of these actions are minimal, thus
requiring the staff to assess the adequacy of the three suspect blocks

N

primarily from verbal accounts.

6. Conclusions awe Recawwiovetodi ey

A. The mat s not currently in distress based on the crack observation.
B. Ver!ficat;on of shear capacity under SSE needs to be done.

C. A general surveillance (monitoring) program is recommended for all the
crackse‘pﬁ! f%r shear cracks, the length and size of a crack and fts
propagation against time should be marked and recorded.

D. Corrosion of reinforcing bars due to the ground water is believed to be

uniikely at the site. Nevertheless, a surveillance program {s

recommended.

E. The surveillince proérius (items C and D above) should be incorporated
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UNITED STATES
NUCLEAR REGULATORY COMMISSION

WASHINGTON, D. C. 20855 «
APR 19 1904 4‘ (=73
Cll‘« (”{_."“

B po®
Docket No.: 50-382 / é}é —Z‘J‘“;mﬂ
SPECS ¥

Mr. R. S. Leddick
Vice President - Muclear Operations =

Louisfana Power & Light Company ¢
142 Delaronde Street

New Orleans, Louisiana 70174

Dear Mr, Leddick:
Subject: Waterford Unit 3 Technical Specifications

In your application for an operating iicense, you included propnsed technical
specifications. During the course of our review of your application, we have
worked with you on these Technical Specifications to reach a mutual agreement
on the proper wording and substance.

Enclosed 1n final draft form are the Waterford Unit 3 Technical Soecifications
which were developed utilizing the Licensing and Appeal Board decisions in the
operating license proceedings, the Combustion Engineering Standard Technical
Specifications (NUREG-0212) and the Haterford Unit 3 plant specific requirements,
Please review the enclosed draft and submit, in a timely manrer to support
Ticense fssuance under oath or affirmation, certification that to the best of
your knowledge, the enclosed draft accurately reflects the plant, the FSAR,

and the SER analyvses. The Technical Specifications to be issued as Appendix A
to the Waterford Unit 3 license are expected to be essentfally identical to

the enclosed final draft with two exceptions. The Basemat Surveillance Program
and Engineered Safety Featuras Subgroup Relay Testing requirements must be
resolved prior to license {ssuance and wil) require changes to the Technical
Specifications.

If you have any questions regarding this matter, please contact James H. Wilson,
Project Manager, at (301) 49 -7702.

Sincerely,

ForA-8Y-yS$S TR
E[8.2% H ‘gﬂ&ﬂ%iﬁ

Division of Licensing
Nffice of Nuclear Reactor Reoulation

Enclosure: As stated
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PLANT SYSTEMS DR AH
3/4.7.13 COMMON FOUNDATION BASEMAT

LIMITING CONDITION FOR OPERATION
=222 0 LUNDITION FOR OPERA

3.7.13 The structural integrity of the Nuclear Plant Island Structure (NPIS)
Common Foundation Basemat shall be OPERABLE.

APPLICABILITY: At all times.
ACTION:

With the NPIS Common Foundation Basemat inoperable, perform an engineering
evaluation to determina the effects of the condition on the structura)
integrity of the NPIS Common Foundation Basemat; prepare and submit a

Special Report to the Commissfon within 14 days pursuant to Specification
6.9.2: (1) detailing the results of the engineering evaluation, and (2) justi-
f7ing the acceptability of continued operation; otherwise, be in at least

HOT STANDBY within the next 6 hours and 1n COLD SHUTDOWN within the follow-

ing 30 hours. y ‘

SURVETLLANCE REQUIREMENTS

4.7.13 The NPIS Common Foundation Basemat shall be demonstrated OPERABLE:

a. At least once per 92 days by verifying that the measured differen-
tial settlement of the Common Foundation Basemat does not exceed
1/2 inch and the total differential settlement dces not exceed
1 inch as determined in accordance with Table 4.7-2.

b. At least once per 92 days by analyzing a sample of groundwater
obtained in proximity to the NPIS Common Foundation Basemat and
rerifying that the chloride content does not exceed 250 ppm.

€. At least once per 18 months during shutdown by verifying that no

cracking exists with a width in excess of 15 mils on the accessible
areas of the basemat.

FolA -84-4SS
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TABLE 4.7-2

FOUNDATION BASEMAT DIFFERENTIAL SETTLEMENT MONITORING

€ LINN - Q¥OJN:LVM

: ACCEPTANCE
BASELINE* CURRENT** CRITERION
ELEV. AVG. ELEV. DIFF. SETTLEMENT ELEV. AVG. ELEV. DIFF. SETTLEMENT
e 5 )
3) ) " - .
- ' (X-Y) - . (X,-Y,) (X,-Y,) (X-Y) £ 1
- - - = - * L
:; ; :; ; 2 "1 B |
7 ) Y 5 ) |
w 8) ) 8) )
Esy
b 4
&
*Baseline is the differential settlement as of September 1, 1983.
**Current s the differential settlement as determined in accordance with Surveillance Requirement
4.7.13a.
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3/4.7.11 FIRE R "ED ASSEMBLIES

The OPERABILITY of the fire barriers and barrier penetrations ensure that
fire damage will be limited. These design features minimize the possibility
of 2 single fire involving more than one fire area prior to detection and
extinguishment. The fire barriers, fire barrier penetrations for conduits,
cable trays and piping, fire windows, fire dampers, and fire doors are
periodically inspected to verify their OPERABILITY.

3/4.7.12 ESSENTIAL SERVICES CHILLED WATER SYSIEM

The OPERABILITY of the essential services chilled water system ensures that
sufficient chilled wot: * is supplied to those air handling systems which cool
spaces containing equipment requirea for safety-related operations and, during
normal plant operation, the nonessential spaces.

3/4.7.13 COMMON FOUNDATION BASEMAT

The OPERABILITY of the Nuclear Plant Island Structure (NPIS) Common Foundation
Basemat will ensure that the structural integrity of the plant foundation will
remain functional during normal operations and in the event of a safe shutdown
earthquake. The limitation on the foundatior basemat differential settlement
ensures that the structural integrity of the foundation basemz* will be main-
tained comparable to the original design standards. The limitcation on chlorides
ir groundwater in proximity to the NPIS is consistent with concrete design
specifications for Waterford 3 and is well below the threshold for breakdown
of the passivating film on structural rebar which fs taken as 710 ppm in the
presence of free oxygen and up to 3550 ppa when free oxygen is not present.

The limitation on crack width identifies any significant cracks that would
require an engineering evaluation to determine the structural integrity of the
foundation basemat. Cracks with seepage will be noted and the effects evalu-
ated. In the event that any of the limitaticns is reached, the effects on

the foundation basemat will be evaluated znd mitigative measures defined as
necessary and reported to the Commission.
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