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! I. Iotroducticn

g The Pacific Ges & Electric Company (PGAR) proposes to eonstruct
ontwu.mlmm;lntmmwu&ammw,
California. According to the proposal POAE wil) design and super-
vise ecnstructicn of the unit, while the fum General Electric

| Company will furnish the puclear steam supply system end the
.’ turbine generator,
The proposed plant, designeted by PGEY as Bodege Bay Atomic
Perk Unit Number 1, will be a direct cycle, forced-circulation
' bolling vater reactor ,mum::;’:m st the rete of
1,000 meguvatts (Mw). The gross electrical genarating capaeity
; will be epproximetely 325,006 Mv,
The Bedege Pleat is similar in many respects to beiling weter
pover reactors nov in operation., Features of the plant which
i e el e S
require research er-eaielevioniei—eifert in order to provide
enginesring information meuarydaf/\?bc design cr evaluaticn
of the nuclear plant vill be discussed in Secticn IV of this anelysis.
. Backgrowd

e FGAR submitted an eppliestion to the AEC for

canstruction permit and cperating license pursuant to Title 10,
» Chapter 1, Code of Federsl Regulatioms, Part 50 (10 CFR 50). The
- spplication, whieh incluvdes & "Preliminary Hazeards Summary Report”,
: doted December 28, 1963, end Amendments 1 and 2 to the spplication
dated March b and Apri) S, 1963, munly,}ltbmn revieved
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by the staff of the Division of Licensing & Regulation in scuizumnce
with 10 CFR 50. The spplication bes also been considered by the
AEC's Mvisory Comnittes on Reactor Sefeguards (ACRS), ss required
by the Atomic Enarby Act and the regulations of the AEC, The
viewvs of the ACRS, as expressed in s letter of April 18, 1963,
(a copy of which 1s attached heretc ws Appendix ) vere also
considered in the regulstory staff's evaluaticn,

At this time there are & number cf features cf plant design aund
operstion vhich have not been definitely ruclnd The Coammigsion's

nnhttmc mvw for the issuance of .hmtructzoa permit owvea.
’\W Ly cases, as thil‘ in-whieh some mspects of design .
have not been completed. A prcviuoul censtruection pernit mey be

issued, according to Seetiom 50.25. 10 CFR cn the desis of findings,

among others, that (1) the applicent has deseribed the proposed
design cf the fecility, iacluding, but nct limited to, the principal
srchitectural and engineering criteria for the design, end has
identified the major features or components on which further technical
infermat ‘on is required; (2) the cmitted technical informaticn will
be mupplied; (3) the epplicant has propcsed, snd there will be eon-
ducted, & reasarch sand development program resscnebly designed to
resclve the safety questions, if any, vith respect to those festures
or ecmponente which require resesrch and development; snd that (4)
on the basis of the foregoing, there is ressonebls esgurance that
(1) such safety questicns will be satisfactorily resclved st or be-
fore the latest date stated in the application for completion of

+,
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ecnstruction of the proposed facility end (11) taling into ecnsidera«
tion the site criteris contained in Part 100, the proposed faeility
can we constructed and cpersted at the proposed location without
undue risk to the bealth and safety of the public,

The peimit, if grented, would suthorize comstruction cmly,
The Commission would require mm timely reports from PG&E vith
respect to results of research and development and finel design of
the more significent design features., The AEC staff would continue
its evalustion of the safety of the plant in light of this informe-
tiom. ummmcxhuomxmhum“mmrmu-m
Bas been evalusted by the AXC staff and the ACRS. In sddition, the
definite plans for opersticns would be evaluated by these tve groups.

Pursuant to & Notice of Hearing published ’

the fssuance of a provisional ccnstruction permit to PGRE will be
corsidered at a public hearing to be held ’
at a.m., PD7, oo 1963
wmuam-ummmumm-mumumm.
The Lssues to be eansiderei st the hearing are:

(To be provided by 0GC)
(Statemert of position of staff st hesring)
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The staff's evalustion of the propesed Bodegs nucleer pover
plaat and {ts position on the issues at the fortheoming hearing ere
based cn all the technical information sulmitted as pert of the
s} applicent's request for a construction permit and the report
from the ACRS., All of this information is evailable for inspection
axd reviev et the Commission's Public Decument Room in Weshingten,
D. C., snd at the Commission's Sen Fraccisco Operaticns Cffice,

, Ban Franeisco, Califcrnia. This

evalugtion and proposed recommendatics is subject to modification
hﬁxmsqummmmnwmmmxmm,
including the evidence introduced st the hearing, Under the
Commission's regulstions, sny person vhose interest may be affected
may file & petiticn to intervene and, if granted, mey participate in
the proceeding. The decision of the Commission will be based upon
the entire record in the proceeding.
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TII.  Description sad Sefeswimetyses=-
’ .
The Bodegn Reactor is & direct cycle, forced eirculation

bolling water reactor with internal stesm separstion Huclear
mmnmmntthnudlooa-mnttn |

whidh o el TA |
unum.mumm::mzm |

.~h_______~_\
il
through the resctor, m/-ﬁ with otun mcntod at 1 075
wnlm-'\'\u Aaackio. \

pua flows to & furbine mmtor m%ou electrical J
mr‘tu‘ cepacity ed about 325 megovatts, &eactor cecttmgTETer cuJlo.t
gl ANbsininnls o\ v~ |
10 #Rcireulated through four,lcops,each oeataining puxp rated i
po—t———— A / Lt el - |

w mrm-m‘wme tnrhtncth?auuvill

= O-LQ‘\-A-‘\ € orasd M granfie g, MMQ-\«.
The W [PV PIE. _ JUPV (R '
returned to the reactor vessel. The reactor COOLAN L i

vhich wil- contain wmme redicsctive materials, will be einewseted.

(TS, TS P

vitun & closed systen from which the ooly normal oﬁ'lucnt will be

the eantinuous discharge of noncendensidle gases, This gaseous
ot Lo AN\ Lo B s, PP VRN, . A "‘,A—u“.—

meterial x-i.L'L be monitered and relessed from the .eacter steck,

As in conventional power plants, the condenser will be cooled by

water drewn from nearby sources. In this cese vater to cool the

mwhmmmhyanduuwpd intec the

Pacific Ocean, Lretimertotine &tgu.mud quantities :-;7; redio-

» A s e

active nquun H\\L be unchl.rpd 4n the condenser coolant water,

An overall juligment concerning ssfety of resctor cperaticns

e the acceptabllity of potential hazards must be besed upen &

mumber of individual ssfety considerstions. Inm
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' Dot oot yetoomcgrr ek
In the final analysis wany of these considerstions require
the detailed study snd evnlustion of design features end

AL Ao o ]
"nnaet-h— clearly defined et this ttm

this mo'm has presented a hazards report vhich contains

cpersaticne which

general ducr!.pti::;urid concerning the conceptual design

of tha praposod'?hn, known facts concerning the proposed site

and its environment, and an analysis of the rediclegical effecta
A daonuapmnmmmuuuunmmmm The

present evaluation by the Cc:-iuicn luft is therefore buod
| upon th w!nniplu of design nthcr than upon details of design
| themselfes, In the cese of features vhich are of particular
importance to safety, the staff expects to receive and intends to
require information ou final design of these features before PGAE
bhas expended any substantial amount of effort in the construction

of those features,

In the folloving sections of this report the staff discusses
, the more important safety econaiderstions which have led to its
conelusions 7ith respect to opcntion, of the proposed plant
without undue risk to the health and safety of the publie,

.

y

¢ A
ftdh SO LA K A W e, £ T PR AR - B - by ‘41
. - Loper -~ . b O A : . s AR T PR o s e e iy = A P S map :
"&’.‘. CYTRIINEERE TR O el T i /Y SRR 0 L% S T, P Y e e i Y T IO N S T AL et B




SO P A O TR SN PYIE S e - - v e kA

L;i""A’ 2 " PRSP SIS L Ay ey

S Sl e .

May 27, 1563

III. A. Bite end Envircnmental Factors

(by John Newell)
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% IIT. R, Sp-.ial Esrthquake Design Considerstions
(To be written efter eomplete study of consultants’ reports)
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C. Centatnment

‘ The mﬁimntu :\ycr: proposed for this fecility is

one vhich depeads-upon the pressure suppression concept., Ite | i

3 : % m'wucmuwm-umswu i
Bumboldt Bay, Bigni’icant festures of the Bodegs Bay Plant

design include the following:

1. Plens for the Bodegs By Plant eall for a dry well heving

a €0 f't. diameter spherical lover secticn end e 26 £,

diemeter cylindricel upper ucticn. | tu .-—--.,-LL
2 o w@zmﬁmﬂm'"
. The avadlos WMaacle i ¥ Haa

: ' Whﬁ@\o\\lmﬁd within the dry

B vell, '

| 3. The dry well will have ez airlock entsence. Perscnnel
entry is not planned during resctor opersticn, but is ecp-
texplated vith the reactor hot and pressurized.

k. The suppression chember will be in the form of s torus and
vill bave a major dicmeter of 93 £t. and s cross section
dicmeter of 26 ft.

Both the dry well and the suppression ehut;crvinbodnm.d

and ecnstructed in accordance with the ASME boiler and Pressure

v Vessel Code, Section VIII. Piping restraints will be provided

st comtaliment penetrations to sssure that fellure of the pire

vulmu'nummzmm. A concrete refueling
bullding will contodn the dry well and suppression chember,

Pressure and lesk rate specifications for thene gontainment

i syrtem components ayw as follows:

L
w« N iR Lt 38 N , e y : %
VA w-xtt - “ w L - ”- ‘»‘-y- -—“wmwm -—-—v——.-w: I e " s QRN S 8Ty 2 | W e £ 4
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i cnent Design Pressure (% ef volume in 24 hours)
Dry wvell & psig 0.5 (at design pressure)
Suppressicu ebamder 35 peig 0.5 (at design pressure)

|

|
1 Befueling building 12 1n, B0 100 (at 1/k in. HgO)

} In order to procf test the Bodega Bay pressure suppression

] design, Pacific Ges and Electric is ccndueting e test progrem at

1 its Moss Landing M%lnt. As in the Humboldt Bey csse, the
spplicant has ecmstructed & full scale segyent of the suppression
systen. In the test for Boduga Bay, & single 2b-inch disveter
vent pipe fiyxxm from the dry well to the suppression chamber
ves used, Bince the full size plant is to have 112 of these
vent :;xfo, the test equipment representa & 1/11} segmnt of
th::muimnt.

Tests ware conducted with this mock-up to simulate verious

sccident conditions. A flov ccapersble to 1/112th of the flow

resulting from & complete circumferential break of one of the 28
: m;::‘cf;'ulntion lines (with flovw out Lu*h sides of the break)
1 vas taken as the W eredible operating accident"™ (MCOA).
wmmﬁtmam«aumumumsz
peig in the &ry well and 20 peig in the suppreseion chamber,
These pressures vere cbserved wvhen the mock-up dry vell was pre-
” hested to 295° F and whem the mock-up reactor vessel water was
44 subecoled 35°F7, Terts at higher and lover dry well temperstures
e & “ltmﬂmmhmmbm&n;ﬁdddlmd.ﬂ‘

! vell and suppressicn chambeyr pressures,
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In snother test a bresk area 2.5 times that of the MCOA was

——————

simuleted, hmlmt,mpakdryunmm cbeerved was

63 pelg. Purther Moss landing tests are being conducted to

daternine vbether baffles are needsd in the suppreseion chamber, i
u muamem eontainment design feature, Pacifie
Sovea,
Gas and Electric propoul that in a u-ha-el instsnces & ling “

tsclation valve vill et be g fn".w.ha .tam?muimnt o P

pipes or dnctn mmtinc the containment, The applicant ststes,

however, mt uch such line will have.bwe igolation valvef, ene—

TR
7 Process VElve  tocated-ews@iuTy,

Kotet mxmm@umuummwmu

made after PGAE sulmits mmendmant. )

)po isolsticn velves located at the dry well wall in esch
main steam line are to close on & menual signel or sutcmeticelly
en the occurrence of any of the following:

1. low condenser vacuum
2, Maln stean line leak (in the pipe tennel)
3. Low resctor water level,

e Bodege Bey design is such thet during refudling, the spent
fuel storegr pool will eomnect directly to the shield water sbove
the reactor, thus permitting direet undervater treansfer of fuel
vithout the need for s pJAA transfer cask. This feature provides
$- o-siuple-snd salishle smy. for both tontinuous shielding snd
cooling of spent fuel during treasfer and storege,

W——-——..’-w—s-—v———-v - — T p—
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The refueling building ,1n vhich the drywell and

f suppression chazber system is loatod/ is provided with

& controlled release ventilation system which digcharges
to the plant stack, mmmuunmunummmm
ummmmlmmwumumnu.

|

|

|

|

|

WP 3L LN e |
mnm-mvm.«-aumumrmm \
|

\

|

|

|

|

i

building pesses WW hnlcgen/
M’ A
end redicective pt.rticulatc’ pricr to dmhu-p to the stack. f’-«-Q«;. Moe.
A COLET . FEE® hes indiceted that, 1in a.ceordnnco vith the recommendaticns

V‘-—A\\\dnﬂ‘ Q.l.
u‘axmncxs the syltuvillbcdesiaodtopcmit

‘ Swnquent testing cf W 1cilates and de- ,(L. Avmsnsn
‘ -!-n icdine et specified efficiencies. |
| ' mcmmotmtnemom/m steff believes that |
the mtjeconuzmnt ich:m is adequete, Ve believe ,
hovever, that some lmpertant eriteris for the deaign of the
/ containment features have not at present been specifically Pro-
posed. Such additioral criteria, ineluding those wenticned
explicitely by the ACRS report to tne Ocamission, ere necegsary
L to rasure that the conteinment as proposed cen be resscnably
expecied to provide the high degres of integrity suapesed &t eny
time that it might be ealled upon to contein the mxwmoewesw
ann

ecansequences of a“w aecident .

; These eritaria involve contaimment testing, penetrstion desigz,
end isclatics velvirgas o~Teud Lol
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1. The design should permit initial integral lesk rste
testing af the dry-well and suppression chauber at their
Tespective design pressure after the installation of ell .
penetrations (including piping conduits, electrisal con-

ducters, and gasketing closures) and subsequent pericdic

testing et w‘lhduign pressures, In the

initial testing, the leszkege rete of the containment system
should be determined as a functiocn of poxm pressure up to
full design pressure,

The design of penetrations should teke into ececunt, in
eddition to the presesure load, tha.londn or deformations
imposed by thermal expausion, impect of missiles,

reactions of ruptured pipes, u’x_l__d._i_s_mu incident tolo
installation, meintecance or rvpd.ir} %ﬁ.mima

-

be shielded from migsiles to the extent practicable, All

penetrations should be designed so es t allov freguent
periodic leskage rate tests of the penetrstions caly
(ineluds g peinte of attachment to the ecntainment shell),
et ful: design pressure,

All pipes snd eunduits which communicate with intericr of
the primary system or the contaimnent system, and other
piping (such as instrumentetion end ecmtrel piping) whieh
camnot be adequately protected sgainst sccidental rupture,
should contain double isclation valves, All velves per-
forming the function of taclation valves should be provided




Gh Mey 27, 1963
; vith protection sgainst materials in the system which
might mmu. and should be provided with reliable
sutomatic and manual sctuaticn festures. Isclation valvin g
. should be designed so es to permit periodic leakege rate
tasts, Mppropriate closing times for isolstion velves should

be determined on the besis of analyses of system ruptures
which weuld release fission or activatiom products cutside
the dry well vhile the vslves are not fully closed.

The Staf? believes thst PG&E should subudt for
Commission reviev the results of further developmental
tests of the suppression pool ccncept and finel design
-mrummwumutuymbow
avallslle,

(Note: Additional comments will be made cn ti2 effects
of earthquakes cn containment design.)

{
{
|
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Pesctor Bucleer Systeas "
he Teatures of & muclear pover plant vhich ere of
wost Laportant to reector safety are those which provide
for the conteinment cf redicactive fissiom preducts ia
normal cperetion and Thasupstesmrsirimstocwsmstat e
those -m for mmﬁ-'umm of the |
neutmn:hqunuﬁm. Geperelly speaking tle ‘
pechenical design ¢f the reacter fuel elesents and the

design of eontrols and the heat remcwval systes should
hesiwogls &
te suck that ir normel cperstions sod under -sasy -
celvable eccident situaticns yadicective fission products G '
Wt cond at” |
ouidbe confined Lo the fusl elemwats thenselves. ‘BT
e bk ARaSdinn Combitie- Mae  Wasdn Cord atmmman S A Tine,
Stxnif cerves av & recondary containmert system.
1, Primery Svetem

The resctor 2
Wi\

preseure wRsxedd mulr\duipoc, tuilt end tested

in accordence with Section VIII of the Boller and

Pressare Vessel “ote of the bSesvican Bociety of |
Mochanicsl Rugineers. The 50 ft. high by )5 ft. +
dlameter vessel vill be constructed of cerbon eteel '
m“am P,s:-—vuu-" 18 b o 1th Vetainless |
cr W ¢ » A ° |
' A e sl G oo vam ol T Vg \o»uucﬂ..k
steel epplied by wcld' mux?r-mmu The denige

mnm}?‘—w vill be 1235 peig st STSF.

-
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suumuunmm
memm «6&—%—
_o.cc-.wm-;.:m inck stesa lines to the turtine

shiech is locsted 12 & seperete structure, ‘n-r%.,..,.du.
R s o SR VLR & B S PP

A Dasses Wt«m 23 1neh Neecasnanl N6 :

pipes, Four recireuletion puxps, cne in ench loop,
provide the Mvin‘fm for circulating weter ‘hrough
the reactor core. Feed vater sstwswing fren the condenser
is injectod into the reactor vessel by & pump driven ty
the main twrtive eheft:
“The
W‘yl’h‘ lovated vithins the dry well
vill be designed, tested end constructed im secordence with
epplicstle requiresents of the ASME Epller snd Presscre
Vessel Code., Piping ovtside the dry vell will conform to
the regquirements cf the Aserican Standards Asseciation Code
for Fressure Piping, Tvelve safety velves, srranged to
discherge into the suppression chubcaam provided to
protect the resetor and primery ly-h-[\cnr-mum.
2. Core Desten
The resctor core vill Ve compoeed of 552 fvel
kspenblies eeck of vhich provides s verticel chennel

throogh which the uixture cf csteszz end vater pesces,

Babgie & 0amd ol o TR g ROCEIV ST LS e o e W
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@2 core vill hsve epprozimetely the fure of a
right elrewlzr sylisder 140 Auclos in dianetsr
axd 125 inckes high. Qoo hundred ead ferty-five
mmxm\:mmmmmmmmm

"“‘m g R mﬁ&mﬁn

Betes Conclugicne

on etructurel design vill te stated as soon 28
soisuclogicel reperts hove been recalved and evelusted. )

Eoch fuel essently will Ye camposed of 45 fuel rols
in & square array., Fual pellats of Ul snriched to 2.5% U235
41l Do contained within etainless stoel tubing. “Po&S- ol .
bas 2entatively propcoed thas, this tubing weuld bave o
acainal thickness of 0,01) inches and would te able te
sithetand an exposure of 15,000 MWD/TON, O the Yesis of

precent infermation and cpereting experisvce, c¢ne csrnct
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hmm:mzuumwdwmuma&

for the exposures stated \dthout experiencing extensive

rupturing of mixxx elséding. ,@m M550 2o Sinaliy-denigned

wtil ferther dats frow & Geners) K eotric resesrch uad

developent progrem are evaflsble, This pregran is

reeTat Ty desigued to provide en engineering Yacls for b

fuel element design, In smy ;nnt, extensglive experience

\1&% resctors provides resscosbtle essurence thet e

w0 Caiy sultcble design cap be weder duiale o .

Thernal and hydreulic factors, which sltimstely

deternine the permissible pover level of the rescter,
kuwwumwwm The data

presented Mf&n‘hm interde tc extend the

iinits gererslly in use in resctors of this type.

Azelyses mede st this tive tagmut together vith St bl

cpereting ommaev' ¢o not form o sufficient tecis for

ceternining sppropriate thermel limits st this time.

/mmmmum&mmmmrumsu

\
)
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in the Bodege resctor, nemely, that the fuel vill operete
sithout loss of claddiog integrity c'nr the deaign exposure
periocd et the maximum hest fluxes peasitle within twrp.

cut limiteticns. Opersting experience gt other teiling

. seter reactors hes indiceted that this criteris cen de cm’t '

—
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The pover distributics whick is expected in the
Bolegs Besotcr core hes been estissted for the purposs |
cummwmmummM¢w

P, oo g s
in the hottest SwevIERIET. These estimates will be
wwwmmmumamamm
uwm#wmmw
-wm viil be mroitored centinucusly
by & swyuten of fncore flux mttmmw u\w ’

i ¥asbt Bave Leen successfully used in cther reactors and MW’* |
i N Wow.‘wwl oM M i
WWW i
2 ehdeaid thermal -umww.. («3&-—. -MM
Preliminary caleulaticns wuamum :
cpereting eonditions the rtesm veluss fymeticns would agiole 31
te e follows?

Averege Core Veids-:7%
Aversge Exit Voids.53% i |
PGLE believes tlat snelcg computer stuuu,\hcin. mrde |
vl shov thet the plast cen be designed to exhibit -]
satisfectory Qynamio perforesnce vith such Ligh void i :
content, £je The stalf knove of no subetantial eperating |
experience that veuld coufirm the sceeptebility of |
cpersting st void fractions this Mgh, E ey

hovever, <siet vith eprropriete limiteticns high void

conditions cexn be safely epproached in resctor tests
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costent for normsl opersticn, e

qu xeuwmum-a’-mpumm

\"-.
[
A le_guite
«nd the
.
- Shenpen-—Le-opereting—
et pentiviom—tieh-atsommeny—tutresses.lo poxer
Tha,
/

Noclesr sefety requires thet there be relisble
meens for scotrolling the resctivity f a nuclesr

J— e e o e

m/tg_._./héuvtv cen be considered .”n-um er’ Y
the repllity with which the reutrod chain rexmtzr

resction chenges, When resctivity is positive the ' oot
chain resction grows, thet is the rote st whick
puclesr energy 1o relessed by fisesion is ineressed.
Cexversely vhen resctivity is negstive the chain
diminishes and pover falls. [ The cperating comditiom
\'&"ﬁh Tesctor, its tempersture, pressure, pover level,
S Pretanni..
veid contents and ape- devemp- ¢Ilect -ou vesctivity,

The gevernl Wﬁ;@m&m

= W\umu%’.‘*“

|

fer unstmml\nuuviv effects are suiliciently
developed to peruit desige of the kx resctor eentrod
syvtem to procesd vith ecnfidence. '

bave & strong tendancy to decresse reactivity, Se—
YRl P raiia G AL eae

nupumu‘s of the control systex therefore ere
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um.mummmmuv
4o tonli Sl Rt s SLovwrund San partandioe

Wu»m.tmum
md’temtnnucmhmw .

Contd A 0lRanind "B il wenchactua M&\,‘_
m-'!:hm .&n:uxrm

MAda
from the fuel elements r:rAdlu“ the primery system,
i T P napansd %o{'m._.,‘

_ - contrel systen foew
N0 S . D Ouan IS Manaeh b A

G 3 tm blsdes vhich bagesutficlent
rescitvity verth to the reactor ssfely shut down

-g&ﬂu_

mtlwughmﬁudghthcweku@r*%u Cona ,

. Y
we § Mm [V T
gt ITEYr e l.ffh ith sl cuml;!m in the
Cant '
recctor is caloulated to be 0.97. The ecabined wvortdh
(e

of the 145 contrel reffh is colculated to be 0.18. The
eontrel materiel +1ll le loren cariide contoined -
|

Tn 0.175 in. C.D. stetaless steel tubes, Adéiticmel cone

b el

trel is provided uthzlé’mtmlenmtm hick vill b o
reni.permenently locsted betveen selectsd fusl elements,
The worth of these curtains 15 caleulated to be [ 5551
0.12. -.bAmtml eurtains vill be ecustructed of 0.1%

boron stairless steel.
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Ine rescter design aleo incorporetes & liquid poisan
systen thet cau be used to inject summ sodium pentadeorste
inte the core iu the event ecaplete shutéown cemnot be
schieved by use of the ecntyel rods.

e Wytrenite control rod artves, te 3

I-used--to—the—Botege
s o A, e m“%w?wﬁu%w

mmw ueing the ssme besic concepts
s Lave been exployed in drives in use im beilirg sater
resctor plants et Dreslen, Big Boek Point, Musbolét Bey
end the SENN Plent in Italy. hm‘:-ni a) the byuraclie
fme:::;z be applied to either side of & pizton wvhickh is
sechanically coupled to the control rod, thus providing for
elther upvard or doveverd red moticn, Ouly cne red een be
moved cutvard (inereaning resctivity) st o time end it may
ve meved either continvously er du € inch stepe. Kod opeed
is centrolled by crifices vhich regulate the fiov of wvater
exay frow.the lov pressure gide of the piston., All rods
cen e ineerted simultanscusly, shutting the reector dowx.
Bods are scrummed upwverd by spplying preassurized water from
either the rescter cr from sccumilators to the bottom side
of the drive pistcns and simxltanecusly relieving the kx
volune sbeve the top tmd side of the pistons to the screm
Gunp tank, The drive is locked in fixed positicas bty
collet fingers vhick engege grooves spresd &t 6.inch
intervels along the movelle index tibe. The ccllet fingers
suvpport the welight eof the rod and the dovoward Torces due te

- - — - e e —— = W e e ya e o+
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u-.m‘n-chﬂnruthu&nb-udueﬁnﬁnh
an isportent part of our evelustion cf thess drives is baseld om
previous experience with trese drivos, Dhie-inciuder—Brestis
~EXDEP e BT IRt tiee-Rig-Rock. . cospst iome
L = At Big Hoek Point, there bave been two 14~ o4 cecurresces
ef rod "arift-out”. In one of these, the couse wvas sttrideted '

to ex insdvertent relesse ¢f demiserciiser resins resultizg in
the ccllet fingews being Jesmed in the oper pesiticn eo thet
the rod was free to Crift es lofluesced by the forces due to
€Tevity end lyvroulic pressure., b the second cese it was
reperted thet ¢ herd partisle lecsse trupped betveen the collet
piston snd & nleeve whieh 18 located bativeen the collet sud the
index tube, This agein 1s believed to heve csused the ocllet
I&mnthMhmM)eotum, thus pernitting rod

Erift. Tie hexd perticle tae vever found, It shoewld be neted,

hevever, thot 4a zeither of these chses nor in any cther cese

Las there Leen sny epperest significent fmpairment of screm

capelility., Detailed design of drives for the Bodege rescter :
bes not bees made. Ceners) Kectrie is considering medificetions '
of esriier cesigns that will mizixise the poseibility of
fereige meterisl eccumulating in the yod drives. The epplicant
bae alec indiceted thet functionel enéd endurence tests vill be
made on the pretotype Brdmpuzyes Bodege mechenisas, btut the
cetaliod procedures for these tects end the sceeptebility

criteris hove nct deen leteruined.
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Dscusalena of the possille cousoquences of & Ted drcpout
 meeident fnvelving & single rod is discusesd elee.cere i» this
repert unler Accldect Bvaluations, It 4s cur opinicm thet the

N e ————

\
|
l
|
1
|
\
|
i
sudlen dropout of more than cme rod et exy given tise is ine
eredible vith Ly the proposed eystem, 1
Costrel systems vhich ave designed to react repidly to | 1
Ceaands Yor chutting ¢ rescter dowvn geaerctlly beve some potential ¥
Tor mecicentally incremsing resctivity as vell., This espect of |
\

|

(

\

|

1

the PGLE control eyrtes Gesign is discussed lster in this . P

report (Becticn V), svhere conseguences of & rod drepeout are f i
Q-D-“

considerod., PGAE bes indicstel that devices for limiting e

individunl rod worth end for izpeding the fall of & rod are
under developmont. Such devices could exbance ths sufety of
opereticu and elsmplify e procedures fhet are presently used
vith sisllar érives to provide essursnee thet rofs caacot drop
it

The elalf believes that POLE sbhould suimit timely rescrts
o the Cozziselion on development, Cesign, end testing of the
control system,

(Bote: Additicomel ecmments Vi1l be made ew sarthquake .
effects. ) ; ‘

A, Contrel end Sefety Imstrusectatios
The fnstrumentetion pecesstry for safety in a nuclesr po.er
ylant geverslly {nvelves & lerge susder of senscre threvghout

the vericis process systess, These senncrs meeasure & veriety of
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verisbles, such &8 peutrom flux and greme redistica lswels,
axd texperetires aud precoures of vericws fiuids, Iufcrmetics
collected by the messuring inetruments is used to guide the
cpereting stef! in ecntrolling the plaet and to actuste sutomstic
cortrol devices,

_nw instruoents, clrecits, end cootrol devices vhich are
of mcit fzporteace to pullic beslth and safety cre: (o) those
vecessery for end contributing to stsdble resetor cperstica,
(t) thoew used in control ef rmdicactive fluids end effivents,
end (c) those used for comtrcl of emergesecy eguipmant.

A generel Cescriptien of instrussutation Sa presentsd iw
the spplicetion. AS this tise, there 1s not sufficient Snformse
tice svallable from shich cne can determine vhetder festruments.
tion previcicns have teen made for ell escential fuzetiong, ner

CRR N8 determine the degree of rellsbility that ghould be

attributed to the reactor protection systes, whick is described
by PGIE as “fallesafe™. These, however, are design propless
vhich appear to require only the applicstion of well-knewa
ongineering methods., The staff intends to evalubte the reactor
coutrel and sefoty instrusentstion in detail, Particular
sttontion will be given to the need for sutoeetic functions

and the reljability of safety instrunontation,

(Additional comments will be sdded on earthruskes,)
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E. Emernevey end Gelely fyvtems

Emergency systens provide meams either fer ssfsly
contiouing eparstion fe (he event of mome equipmuut
“umm.hmwmd
danegs cad ressitant hesevd. In wsny imetances, design
features of the facllity which heve bean previded for the
primary purpose ef meking plent opuration more couvenient,
relisble for economic or, im effect, MBI ERRCY SSLens .
Othes fastures ere Gesigned priorily &s smergency systesms.

The yriscipal emergencies facilities proposed cre:
) m“mmuhcmm
M;QWMMM‘M;
(3) Liquid pelsen injection syetess; (4) Emergescy
cooling o”&-;n:” Blowd snd foed system; (6) Core
sptay systom;/(7) Containmeat systews.

fome of thess systems heve alrsady bees diseussed in
Ehis anslysis. wman‘ao!»humnl
mwmcmummu

In all sweh systems sos sl Poguise & high degres of
relisbility of the system to perferm preperly iun sdvarse
circumstances. This requims wot oaly carefal desigs of
the outatanding festures bul alse stteutine to suweh relsted
eguipment «# sigaal sad comtrel circuits, power sy plics,
epd L= lescrusentation, Naletpmsoce snd frequasc testing

of smurgeucy systems prap previées the final sssurauces of

i —w &Apaahq&g“. Bentli apaet orondbeme e 0 T e
» -, - - S .
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mdm systess te Zavpond te the

be taken ints sceownt in fisal design.
1. Iewss busely

mammum-
Mwu,uwum'am

epplicaticn. Tha pleat Lo tled falo the PGE dlstribution

system by twe 220 Xv cicrcults te lgnacio Substatlen.

All pleat suxiliary powar requiremsscs cao be ast

by either ¢ trensfeovmer tied to the station penerstor

or by & tremsformer 3404 Lo the 220 Kv lissa. An

sbdditions]l exterssi trassadssion lime snd

Lrans farnes

of lMuited sapacity snd ap sagine-driven geserstor
provide emsrzeacy powsr te oqQuipment secessary fev

safe plant sbet-down, Station betieries will seppiy

the alactrical emergy for Che moce critizal lesas,

2. Emsrgecy Ceeline Sygtoms

A*umacmrﬂu
et

ummmqwmum
mwmmmunhqd

fission preducts. Such previsiens acve
Mbuu\, u’%m shid bavannde

MMMM

A prevent walting or repture of fuel u—-n Lty

{‘;\ ; relecse end dispersal of Lission products.

provisions will foeleds:

& B o« Mo 4 e LT e s o L L e PR,
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(1) Toe mormal condensste-fecd-water system}
) h-ummﬁlebmupuuu.
oparation in svent the rssctor west be
isolated from the msis cosdemsar;
(5) A low pressere shutdowd'ceeling system; enéd-
(&) A blosd-and-feed system which relesses stees
ot & controlled rate to the suppression pool. H')
Bl R SR L
will be sveilable o restore water Jost through sccidental
ruptures or threugh blesd-snd-feed operetions. Both
high baad and low head pumps will be provided with back~
up pumpliag arrsugemsats. Is the eoveat of & msjor

rupture of the primary systea, casrgency sctios should
be capable of reducing te a greet sxtent the msount of

fuel demagze and fisslon product relesse from the resctor,

(Mditional comsents will be mede on earthquekes.)

Cer g a2




Bafety Analynes ’ .
The design features of theplant have been descriled in the

previous sections and in many ceses the safeguards provided by s
particular design feature or the operetional limits imposed by
safety consideraticns for a particular feature were discussed. In
general the criteria for plant design should include: (1) means
to contrel radietion harerds (including redicsctive discharge)
during normal operation, (2) design features to minimize the
probebility of having an eccident, and (3) design festures for
mitigating the consequences of an accident should ome occur.

The means for controlling redietion hagerds during normal
operstion will be provided by suitable shielding and rediation
monitoring in the cese of direct redistion emitted frem the
reector and by proper monitoring of radicective wastes which are
discharged from the plant site. For wvastes discharged from the
plant, the relesse rates shall be such that they do not result
in personnel exposures in excess of 10 CFR 20 limits.

The edequacy of the design features that are incorporated to
mitigate the condequence of an sccident in the unlikely event that
one should occur are evaluated in the folloving eection om the
maximm credible accident. The consequence of this accident to the
health and safety of the public is presented taking into considere-
tion the safety features afforded by this containment egystem and

the environmentsl charscter of the site,

A ey ——— e a—— — = | — e . v —— . —————

R s I s T B e b o s M - . O

W, ?al

w—
o g ! g T — 0§ gl | enihgmeas .

|
]

I3

ry

v . -t o)




To evaluate the design festures that are incorporeted into ]
the plant design to minimize the probability of hawfing an ucunt' 4 \
& nuzber of representsative ebnormal conditions, eguipment male |
functions and operator errors were postulated and evaluated by
the spplicant. Those which were presented in the Preliminary | ‘
Hazerds Bumma:; Report includeds : : :

a. Chenging pressure reguletor handvheel setting . é

b. Continucus control rod withdrawal or insertion
e. Loss of electrical load l
d. Contrel rod drive malfunction
e. Recirculation pump feilures

f. Main steam valve glosures

\
|
\
\
6. Fallure of reactor safety valve to Feseat
h. Fallure of resctor safety systes | ‘
i. Fuel cledding feilure ' |
J. loss of feedwater
k. Joss of condenser vacuum ‘
1. Loss of suxiliary pover |
m, Instrument air failure |
n. Pressure regulator fallure 5 |
o. Bmergency condenser tube fallure | e
p. Reactor system ruptures inside the dry well
q. Fallure to replenish cooling water in emergency condenser
r, Btartup accident
8. Fuel loading end handling accidents

Cold weter accident,
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In addition to those conditions listed edbove, three equipment
failures termed "Major Accidents” were evaluated by the appucnt._
These sccidents includeds :

Rix

a, Control rod drop sccident

b, Main steam line rupture outside the dry well

¢. Resctor system rupture in the dry well,

In some of the melfunctions And feilures presented, the g
evaluastion 1s not yet completed, however, the epplicant has
stated that vhen the mnalyeis is complete, the results vill be
used 8s criteris in the detailed plent design (for example, to
size the pressure relief valves and to set the isclatiocn velve
closure specifications). In our opinion, the evaluaticn results
which sre complete mnd the stated design cbjectives for plant

S SRS T

systems end components vhere evaluaticn is incomplete ere satis-
MHW\ . “m*’w. QM\MM
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contrel Llede cculd have & resctivity woerth as high as 036,

sdéiticual cslenlations shov thsd Af this blade sare to €res

free cf the core ¢ minisce pericd of 3 millissecnds could result,

and the aversge fusl tespersture would yesch $500°F 1n the une

ecntyelied fuel pene. Toe cousequences to the resctor vessel i

|
1
|
|
ealeuisticns by the applicant indiczte that the mest resctive *
!
|
|
|
|
{
!

io the evert ¢f this sccident ere wot entirely clecr., Tie
epplicent bhas indiceted they are develcping ennlyticel sodels |
for mcre scourste predictics of the conseguences of euth & |
puelosr exeursicr ané thet the fortbecmizg CPEET destructive ‘
test vill be used to check the model thet is &oveloped. ‘

In sédition to the sualytiesl verk, & red verth sinixizer

o e e —

ccaputer and & rod drepeut velecity limiter are being develepud ‘
for pessiiie use ix the Bodege Plent., The rod worth coaputer ‘
vould ecctinuelly mcoitor contrel red petterns to relnferee
procedural coxtyelis previded te fnsure that patterss causing
incividusl rede u essume undasirelly high resciivity werth sre
pet used, Cenceptual designs for flow reetricting deviees that |
woold limit potestisl ceatrel red dropout velocities to safe
valnes are alse belisg developed, In the sbeevce of experimental
verificetion <f the applicants poeitics thet » rod ércpost
accident of this type vill nct endenger the resctor vessel, se
telisve thet other design feoturez, ruck es the rod verth
aiziziger ecoputer or the rod dropost velccity lizmiter, should

:
witk ocne excepticn., In the "Coptrol Rod Drep Aceident®
te inccrporeted inte the plant design,




